
 November, 2015/ Vol 3/Issue 10                                                                                                        ISSN- 2321-127X 

                                                                                                                                                              Brief Review Article                                                                               

 

International Journal of Medical Research and Review                Available online at: www.ijmrr.in  1234 | P a g e  

 

Evolution of immunoassay with reference to HIV: brief review 
 
Sharma R K1, Sharma S K2, Brij Bhushan3, Sharma D4#, Arun Kumar 5#,Chhabra R6,Soni G R7, Singh S8 
 
1Dr.Rajesh K. Sharma, 2Sanjeev K. Sharma, 3Brij Bhushan, 4Deepa Sharma#,5Arun Kumar#, 6Dr. Reba Chhabra, 7Dr.G. 
R. Soni&8Dr.Surinder Singh. National Institute of Biologicals, Noida201309 INDIA. # Bench Biologist, National 
Institute of  Biologicals, Noida, 201309, INDIA. 
 
Address for correspondence: Dr. Rajesh K. Sharma, Email: rksharma@nib.gov.in 
 
…………………………………………………………………………………………………………………………… 

Abstract 

Evolution of rapid test kit and development from first to fourth generation HIV ELISA and CLIA have resulted in high 
automation, high through put as well as increased sensitivity and specificity. The window period of HIV has decreased 
whereas blood safety has increased significantly. Despite of all the progress made so far screening test detecting antigen 
and / or antibodies, although highly effective in identifying infected persons, will not always detect all individuals who 
are infected and do not correctly classify persons who are not infected. Different generation of ELISA kits have pros & 
cons and can be used in different algorithm of HIV testing. 
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Introduction 

Immunoassay, in general, is a technique used to detect 
and / or quantify specific proteins present in the sample 
of interest through binding of antigen and antibody. The 
word immunoassay is originated from immunology, 
immunology is a whole subject at present but it borns 
from the microbiology, and microbiology is an innate 
from botany, a basic field of life sciences. The Nobel 
Prize winner Rosalyn Yalow and Solomon Berson 
described the immunoassay in 1960[1] and becomes the 
founder of immunoassay. They developed Radio-
Immunoassay (RIA) for measurement of blood glucose 
levels in diabetic patient. Since then through antigen 
antibody binding, detection and measuring of simple to 
complex biomolecules initiative even those which were 
either not detected or not suitable by physical and / or 
chemical methods. The performance of immunoassay 
was enhanced after development of Enzyme Linked 
Immunosorbent Assay (ELISA) by Engvali & Perlmann 
in 1971[2]. After this revolution the use of RIA 
gradually decreased because of the use of health 
hazards radioactive substances, which has tremendous 
disadvantages from the beginning to till disposal. The 
ELISA very rapidly attracted the researchers because of  
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use of non-radioactive materials, higher sensitivity and 
specificity and less reaction time as compared to RIA.  
 
Enzyme Linked Immunosorbent Assay (ELISA): It 
is also known as an Enzyme Immunoassay (EIA), is a 
biochemical technique used mainly in immunology to 
detect the presence of an antibody or an antigen in a 
sample [3]. Some ELISAs are also designed to detect 
substance like peptides, proteins and hormones. This 
technique was established and demonstrated by 
publication on quantitative assays of immunoglobulin G 
by Engvell and Perlmann[4] with alkaline phosphatase 
as the reporter label[5]. Van Weemen and Schuurs work 
on immunoassay using antigen-enzyme conjugates, they 
used horse radish peroxidase enzyme for conjugation of 
the antigen human gonadotropin [6].  ELISA is 
commonly used as a diagnostic tool to detect and / or 
quantify disease in early stage and help to clinician for 
treatment and save lives. It is also used as quality 
control measures in various industries and in a 
biomedical research as an analytical tool s[7]. Of 
various types of ELISA innovated the Direct ELISA 
was developed initially, in which immunosorbent 
(antigen) is bound to a solid support, and react with 
antibodies, if present in the sample, which is tagged to 
an enzyme, after adding substrate produce colour. The 
intensity of colour is directly correlating the 
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concentration of antibody present in the sample. This is 
measured through spectrophotometry like ELISA reader 
and calculates the cut off as well as S/Co. This is a 
simple ELISA but it has some disadvantages like 
having moderate sensitivity and low specificity. The 
other kind of ELISA is a modification of this basic 
ELISA techniques. An Indirect ELISA is almost same 
as Direct ELISA, important difference is one additional 
antibody is added during assay. It has better sensitivity 
than Direct ELISA and resulted in improved specificity. 
For sample antigen detection highly efficient ELISA is 
a Sandwich ELISA, in this primary known antibody 
immobilized of the solid surface and capture the 
antigen, if present in the sample, the enzyme labelled 
secondary antibody bind with primary antibody 
complex and unbound primary antibody and antigen 
wash out during washing steps. The advantage of this 
assay is good sensitivity and specificity. The 
competitive ELISA is a different kind of ELISA in 
which the patient antibodies compete with controlled 
labelled antibody for binding to pre-coated antigen. 
This assay has more specificity than Direct & Indirect 
ELISA because of using two antibodies. To diagnose 
viral diseases like hepatitis B surface antigen (HBsAg) 
through EIA was developed in 1976[8] featuring a 96 
wellplate format[5]. The first HIV antibody detection 
test was commercially available in 1985[9].  Food and 
Drug Administration (FDA), USA gave first licence for 
detection of antibody to Hepatitis C Virus (Anti-HCV) 
in 1990[10,11]. 
 
Rapid Immunoassay: Although ELISA’s are used all 
over the globe but actual revolution came after 
development of Rapid Immunoassay. Like an ELISA 
rapid assay also work on same principle of antigen-
antibody reactions. This assay has quick turnaround 
time, can be applied outside the sophisticated 
laboratory, it is a very convenient tool to transport and 
used at rural, urban, remote, and even tropics areas as 
such assay does not need electricity. Some rapid kits 
used dried blood spots, oral fluid, urine etc. as a sample. 
Rapid assay in low cost, gives fast result and does not 

require highly skilled specialist even some test can be 
performed by clinician at their clinic like malaria rapid 
diagnostic test, pregnancy test and glucose strip test etc. 
Either of two techniques are used in Rapid 
immunoassay i.e. lateral flow rapid tests or flow 
through rapid tests. The technique of lateral flow rapid 
test derived from latex agglutination assay and was 
developed in 1956 by Plotz and Singer [12]. In this 
assay sample placed in sample window then added the 
buffer for movement or flow the sample across the strip 
and shows result. In flow through substances like 
antigen antibody are bound on the porous membrane. 
Rapid test for HIV was developed in 1990[9], since 
than it is used as a primary screening of HIV. 
 
Chronological development of ELISA with reference 
to HIV antibody test: After development and 
availability in the market of Anti-HIV test, wide range 
of companies came in this field and worked to improve 
HIV immunoassay performance. In the early stage of 
HIV immunoassay, virus particle (lysate) protein was 
used as an antigen to detect HIV antibody (IgG) and 
later on called 1st generation HIV immunoassay. For 
improvement of sensitivity and specificity 2nd 
generation immunoassay was developed with synthetic 
peptides or recombinant protein antigens to detect HIV 
antibody (IgG). These antigens improve the specificity 
because of elimination of cellular proteins which are 
contained with virus particle (lysate). Next 
improvement is 3rd generation immunoassay, this kind 
of assay detect HIV IgG &IGgM antibody, hence 
improved sensitivity. In the 4th generation HIV 
immunoassay synthetic peptides and recombinant 
protein antigens detect IgG and IgM for direct format 
but in indirect format p24 detecting substance is also 
added. The 4th generation immunoassay maximise the 
sensitivity for detection of HIV antibody. The 
specificity of 4th generation immunoassay varies 
between 97.6% to 99.8% [13-15]. Several studies have 
proven the sensitivity of 4th generation immunoassay in 
early detection of HIV infection [16-22].  

Comparison of various generation of ELISA’s 

Generation 1st Generation 2nd Generation 3rd Generation 4th Generation 

Antigen used Viral lysate Recombinant protein & 
peptides   

Recombinant protein & 
peptides  

Recombinant protein & 
peptides  

ELISA Indirect Indirect Sandwich Indirect / Sandwich 

HIV detection IgG IgG IgG & IgM IgG & IgM & p24 Ag 

Sensitivity + ++ +++ ++++ 

Specificity + +++ +++ +++ 

Year 1985 1987 1989 1997 
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Source: Constantine, N. T., Saville, D. and Dax E. M. Retroviral testing and quality assurance: Essentials for laboratory 
diagnostics 2005. 

 
Chemiluminescence Immunoassay (CLIA):It is a 
quick, simple, free of hazardous compound like radio-
active substances, human error free as performs 
complete sample processing, ultra-sensitive, clear 
interpretation of results, wide range of applications, 
broad linear range, high throughput and quality to 
detect low abundance of the analyte (biological 
molecules). Now a day’s CLIA is well established as 
one of the alternative methods of conventional or 
traditional ELISA for detection and quantitation of 
samples having antigen and / or antibodies. This 
technique has also been used as diagnostic tools in 
medical sciences and also used in various field like 
environmental monitoring, food safety, pharmaceutical 
analysis and bacterial identification[23]. Luminol (3-
aminophthahydrazide), polyphenols and acridine esters 
are the common Chemiluminescence substrate suitable 
for horse radish peroxidase. The term 
chemiluminescence was first coined by Eilhardt 
Weideman in 1888, Robert Wilson, 1998 used acridan 
ester as chemiluminescence for horse radish 
peroxidase[24]. Luminol or acridinium ester is 
generally used in clinical analysis[24,25]. An 
alphabetical name of some major players of the CLIA 
instruments along with kit and reagents are: M/s Abbott 
Diagnostic, M/s Alere, M/s Arkay, M/s Beckmen 
Coulter, M/s Bio-Kit, M/s BioMerieux, M/s Bio-Rad, 
M/s Ortho Clinical Diagnostics, M/s Roche 
Diagnostics, M/s Siemens Healthcare etc.  As per report 
of Health (The Enterprise of Health), 16th October 2015, 
CLIA accounted for largest percentage of share (27%) 
of the global market in the year 2013 and Indian 
immunochemistry analysers and reagent market is 
valued at INR 1510 crore and revenues in form of 
immunochemistry reagents accounting for INR 1313 
crore in 2014.  

Conclusion 

Tests to detect antibody to HIV are screening assays 
which detect all infected individuals and confirmatory 
(supplementary) assays to differentiate those persons 
who test false reactive by screening assays from those 
persons who are truly infected. Accordingly, screening 
tests possesses a high degree of sensitivity (low false 
negative rate) whereas confirmatory assays have a high 
specificity (low false positive rate). 4th generation 
immunoassay either traditional / conventional ELISA / 
EIA or CLIA are able to detect an early infection as 

compared to 3rd, 2nd and 1st generation HIV detection 
kit. The 4th generation CLIA has a quality to detect and 
quantitate separate values for antigen and antibody with 
better interpretation. Despite of all the progress made so 
far screening test detecting antigen and / or antibodies, 
although highly effective in identifying infected 
persons, will not always detect all individuals who are 
infected and do not correctly classify persons who are 
not infected. All tests should be considered as less than 
perfect and therefore, the results of any one test should 
not be considered definitive. Even confirmatory tests 
produce false negative and false positive results[26]. 
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