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Rapid Diagnostic Tests (RDTs) for HIV 1&2 Antibodies


HISTORICAL PERSPECTIVE
Rapid Diagnostic Tests (RDTs) to detect HIV 1&2 antibodies are widely used in resource-poor settings, especially in developing countries. The need for immediate HIV test results to make treatment decisions and to assist with prevention strategies portends their increased use in developed countries as well. These commercially available RDTs demonstrate sensitivities and specificities comparable to those of enzyme-linked immunoassays (ELISAs) currently used for screening. Algorithms comprised of a combination of two or more rapid tests produce HIV test results with predictive values comparable to those of the ELISA-Western blot combination. Rapid HIV tests offer additional advantages of low cost and same-day results and are likely to gain increasing acceptance for HIV screening and diagnosis in both developed and developing countries. 

Voluntary human immunodeficiency virus (HIV) antibody testing and counseling services were initiated in March 1985, shortly after the introduction of the enzyme-linked immunoassay (ELISA) for the screening of donated blood. Initially, counseling and testing were intended to provide an alternative to the donation of blood as a means for high-risk persons to determine their HIV status. At that time, little was known about the prevalence and natural history of HIV infection. The benefit of screening blood to prevent HIV transmission from transfusions was clear, but the potential for false-positive results from the use of screening tests in low-prevalence populations raised questions about the usefulness of HIV antibody tests for screening. The paradigm for HIV testing thus evolved to meet the requirements imposed by the need to protect the blood supply: tests with high sensitivity, suitable for batch processing of high volumes of specimens in centralized laboratories with specialized equipment.  
As a result, the recommended tests mandated by many developed nations’ Public Health Services required specialized equipment and technical expertise, and they cannot be completed in less than 24 hours. In practice, given the time necessary to transport specimens to a laboratory, perform the tests in batches, and transmit test results, tested persons typically must wait 1-2 weeks before they make a second visit to learn their test results.  ELISA and Western blot were not feasible for small laboratories in many developing countries where resources are limited and electricity may not be consistently available. These tests require many hours to perform, refrigeration, and sophisticated, expensive equipment. A number of simple, rapid assays emerged to meet the demand in such countries both for blood screening and voluntary testing. Numerous studies demonstrated that alternative confirmatory strategies using algorithms with combinations of screening tests produced reliable results, comparable to those of the standard ELISA and Western blot, and the United Nations Programme on HIV/AIDS - World Health Organization (WHO) currently recommends the routine use of combinations of screening tests for HIV screening, surveillance, and diagnosis.

Screening with combinations of rapid HIV tests proved to be less expensive than the ELISA/Western blot algorithm, and also made it possible to offer same-day test results with minimal training and without the need for equipment. The lower cost made voluntary counseling and testing more feasible for developing countries, and availability of same-day results greatly increased the number of persons who learned their serostatus after testing. Providers and clients reported high levels of satisfaction with rapid HIV tests. 
It has been recognized that rapid diagnostics tests for HIV antibodies provide many developed and developing countries with a simple, economical and reliable method for HIV screening. Unlike the U.S. and other developed western countries where HIV diagnostic testing is more highly regulated and where sophisticated quantitative testing capability is more readily available, many less developed countries look to RDTs as a means to provide first-line screening for HIV infection at a reasonable cost. The Public Health Services of many countries are now using or considering using these tests as a viable alternative to other more costly and technically demanding diagnostic methods used for the detection of HIV antibodies. 
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RAPID DIAGNOSTIC TEST FORMATS

Most RDTs for HIV antibodies in use today are commercialized in kit form. These formats are designed to be simple to use, detects within minutes not hours and require minimal training to perform. Most do not require additional reagents with the exception of those tests performed on a whole blood sample that necessitate the need for the addition of a buffer reagent. The three most common generic assay formats (Figs.1-3) use particle agglutination (agglutination), membrane immunoconcentration (flow-through) devices, or immunochromatographic (lateral-flow) strips. 

Particle agglutination assays typically require 10 to 60 minutes or more and must be used with serum or plasma. When a patient specimen containing HIV antibodies is mixed with minute HIV antigen-coated latex particles, cross-linking occurs and results in agglutination. Some devices enhance the visual agglutination reaction by using small, channeled, clear plastic cassettes. Flow of the specimen-particle mixture through narrowed areas in the channels promotes agglutination. Detection of weak agglutination can be difficult, and readers have been developed for some tests to reduce the inaccuracy introduced by subjective interpretation. The reagents often require refrigeration, and costs range from US$2 to $4 per test. 
Membrane immunoconcentration devices employ solid-phase capture technology, which involves the immobilization of HIV antigens on a porous membrane. The specimen flows through the membrane and is absorbed into an absorbent pad. A dot or a line visibly forms on the membrane when developed with a signal reagent (usually a colloidal gold or selenium conjugate). Some tests allow the differentiation of HIV-1 from HIV-2 by applying antigens from these viruses to different sites on the membrane: The flow-through tests require several steps for the addition of specimen, wash buffers, and signal reagent, and they can usually be performed in 5 to 15 minutes. Most are used with serum or plasma, though some are equipped with a filter to allow the use of whole-blood specimens. The devices or reagents typically require refrigeration. Costs range from US$4 to $8 per test. 
Immunochromatographic strips, the most recent development, potentially require only one step and incorporate both antigen and signal reagent into a nitrocellulose strip. The specimen is applied to an absorbent pad from which it is wicked, combines with signal reagent, and migrates through the strip. A positive reaction results in a visual line on the membrane where HIV antigen has been applied. A few of the strip tests also deploy different antigens at different locations to allow differentiation of HIV-1 group M, HIV-1 group O, and HIV-2 antibodies. A procedural control line that detects immunoglobulin G is usually applied to the strip beyond the HIV-antigen line. A visual line at the test and control sites indicates a positive test result, a line only at the control location indicates a negative test result, and the absence of a line at the control site means the test is invalid. Most lateral-flow tests require no additional equipment or refrigeration, and test results can be obtained in less than 15 minutes. Many can be used with whole blood, serum, or plasma, and some can be used with finger-stick specimens, saliva or oral fluids. In some lateral-flow devices, the test strip is encased in a plastic cartridge. Cost of these tests is usually less than US$2. 
	                     Figure 1
	                 Figure 2
	                     Figure 3
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GOVERNMENTAL REGULATIONS 

The U.S. CDRH division of the FDA (Food and Drug Administration) classifies HIV diagnostic tests, both EIAs and RDTs for HIV antibodies as Class III devices. Under this classification, these products are highly regulated since they have to do with life and death and due to the political, social and economic issues within the United States. Based on a manufacturer’s evidence of the product’s clinical test performance and the company’s compliance with GMPs (Good Manufacturing Practice) requirements, the FDA issues Certificate for Exportability for such devices even though they may not be for sale in the USA.  The rapid HIV tests must be very sensitive – as sensitive as the ELISA tests; the difference between an ELISA test and a rapid test is that the first one is quantitative and the second one is qualitative.  This is why the rapid HIV tests are used for screening purposes only.

Even though a specific HIV test may not be approved for sale in the U.S. (given the political barriers to entry and restrictions applied to these types of products in the U.S.) the FDA recognizes the value and usefulness of these tests within other countries around the world. If an FDA licensed company performs the necessary quality control testing and inspection of these types of products, the FDA allows these companies to petition the FDA for authority to export these tests to other countries as defined by the U.S. FDA under the section 802(g) provision for the export of Class III devices. The CDRH division of the FDA requires notification that the manufacturer has complied with the 802(g) regulations governing the export of Class III devices. These products are approved for export based on import approvals received by and on file from those respective government authorities requesting import of said products. The shipment of Class III devices are allowed for under the existing FDA provision, given that these devices have been evaluated and approved for use by a recognized Tier One nation as defined by the FDA. Countries approving the import of these types of tests have accepted the FDA 802(g) authorization or import approval has been based on the satisfactory results of local clinical evaluations.

Although more than 60 RDTs for HIV have been developed and used in various countries, only 3 have received approval from the Food and Drug Administration (FDA) for use in the United States. The first, Recombigen HIV-1 LA, was a latex agglutination test. As is true for many other agglutination tests, even technicians with extensive training had difficulty distinguishing reactive test results from the background granularity of the latex particles, and Recombigen was withdrawn from the U.S. market because of poor performance. Only two other rapid tests, SUDS (Single Use Diagnostic System for HIV-1) and OraSure, remain commercially available in the United States, and few are in use in other developed or developing countries due to their limited antibody detection (only HIV 1) range, time to detection (30 minutes) and average cost per test of US$6 to $8.  GLOBALEMED, LLC. has received FDA approval for export of its Smart Check® HIV 1&2 rapid diagnostic test under its Certificate of Exportability (COE 802). The Smart Check® HIV 1&2 rapid diagnostic test is well documented, reliable, simple-to-use and sells for less than a US$1.00 per test.


SMART CHECK HIV 1&2 TEST 
GLOBALEMED, LLC. and MedPharm, LLC., both FDA approved USA-based companies manufacture, market and sell the Smart Check® HIV 1&2 rapid diagnostic test (# 06021004). The test is a single reagent assay for the detection of antibodies to human immunodeficiency virus types 1 and 2 in serum, plasma or whole blood. It is a simple to use, cost-effective rapid immunoassay based on the immunochromatographic sandwich principle. The tests are packaged in kits of 25 cassettes per kit.

In the design of the test, recombinant proteins representing the immunodominant regions of the envelope proteins of HIV-1 and HIV-2, glycoprotein gp41, gp120 (HIV-1) and glycoprotein gp36 (HIV-2) respectively are immobilized at the test region of the nitrocellulose strip. These proteins are also linked to colloidal gold and impregnated below the test region of the device. A narrow band of the nitrocellulose membrane is also sensitized as a control region. 
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During testing two drops of serum, plasma or whole blood is applied to the sample port, followed by two drops of wash buffer and allowed to react. Antibodies of any immunoglobulin class, specific to the recombinant HIV-1 or HIV-2 proteins will react with the colloidal gold linked antigens. The antibody protein-colloidal gold complex moves by capillary action along the membrane to the test and control regions of the test device. 

In the interpretation of the test, a positive reaction is visualized by a pink/red band in the test region of the device. A negative reaction occurs in the absence of human immunoglobulin antibodies to HIV in the analyzed specimen. Consequently no visually detectable band develops in the test region of the device. Excess conjugate forms a second pink/red band in the control region of the device. The appearance of this band indicates proper performance of the reagents in the kit.


                                                                            INTERPRETATION OF RESULTS
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                                   COMPETITIVE ADVANTAGES - Smart Check HIV 1&2 

· Visual, Qualitative 10 Minute Result 

· Detects HIV 1 and 2 Type Antibodies. 100% Positive Predictive Value

· Use With Whole Blood, Serum & Plasma

· 3rd Generation Recombinant DNA Double Antigen Capture System

· Rigorous Quality Tested & Supported By Technical Staff

· Evaluated By Numerous Government Agencies & NGOs


 National Institute of Virology (NIV) – South Africa


 Núcleo de Doenças Infecciosas (NDI) – Brazil

                     Caribbean Epidemiology Center

                     Pan American Health Organization (PAHO)
                     World Health Organization (WHO) - (Publication Pending)


     Centers For Disease Control (CDC) – (Evaluation Underway)

· Approved For Import By Numerous Countries:

               South Africa, Argentina, Brazil, Malaysia, Albania, Nepal, Dominican Republic, Colombia,

Uganda, Zambia, Zimbabwe, Romania, Jamaica, Trinidad, Guatemala, Mexico, Peru, Ecuador

· FDA Approval for Export - Certificate of Exportability (COE 802)
· User Cost Averages Less Than US$1.75 Per Test
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