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Performance characteristics of a rapid new immunochromatographic test (HIV Smart Check (WDI/NDI) for detection of antibodies to human immunodeficiency virus HIV.

INTRODUCTION

The human immunodeficiency virus (HIV) pandemic has become one of the greatest infectious diseases threats to human health and social stability that the world has ever faced.  Nearly 40 million people are living with HIV-1 infection and more than 21 million have already died with AIDS.   Although effective antiretroviral therapy has slowed the epidemic in some industrialized countries, worldwide there are still an estimated 15,000 new HIV infectious occurring daily.   Diagnosis and counseling are the cornerstones of prevention and care strategies for both HIV-infected individuals and for altering the spread of the disease.  Effective public health surveillance is essential to track the spread of the HIV pandemic, guide research needs, and provide a focus for prevention activities (2). In developing countries, a major challenge to the diagnosis of HIV infection and surveillance activities could be attributed to the fact that many clinics or health care facilities in these areas are poorly equipped, lacking diagnostic capabilities.  Often, the equipment needed to perform a standard enzyme-linked immunosorbent assay (ELISA) and confirmatory Western blotting is not available.    This problem in rural areas is sometimes further complicated due to the lack of either electric power or adequate refrigeration for storage of diagnostic kits and reagents. In addition to that, individuals to be tested must often travel long distances to reach a health care facility, and the chances that the person will travel back to the clinic to receive results decrease due to transportation adversity.  In some developing countries, samples are often sent hundreds of miles away from the healthcare facility for testing or even to reference laboratories outside the country. This difficult scenario impedes effective and timely management of HIV infected patients. Rapid screening for HIV infection performed on-site by tests that do not require laboratory infrastructure or highly skilled personnel can help identify those who may be infected with the virus and can facilitate immediate counseling to help prevent the individual from spreading the virus to others.   Another important contribution given by rapid screening is the diagnosis of HIV-infected mothers before the delivery, which could reduce the risk of vertical transmission by the initiation of antiretroviral therapy prior to labor.  The present study compares the performance (sensitivity and specificity) of two rapid diagnostic tests: a) the Determine( test (Abbott Laboratories, Abbott Park, Ill.), currently the only rapid test available in Brazil; and  b) a new diagnostic test, HIV Smart Check (WDI/NDI, Vitória, ES, BRAZIL). 

MATERIALS AND METHODS

Patient samples. 

One hundred and thirty seven consecutive patients attending to the HIV out-patient clinic at the Hospital da Santa Casa de Misericórdia de Vitória were enrolled.   Blood samples were collected by venipuncture in K3-EDTA treated tubes (Vacutainer, Becton and Dickinson), plasma was separated by centrifugation and stored at -20°C until further use.  Samples from 99 HIV-negative patients were also tested. The HIV-negative group included 49 HIV-negative healthy individuals and 50 HIV-negative patients who were positive for another infectious disease, such as Chagas’ disease (n=10), Dengue (n=10), Tuberculosis (n=10), Hepatitis C (n=10) and Syphilis (n=10). All samples from both HIV negative and HIV positive patients were retested serologically using the AXSYM system (ABBOTT) and a confirmatory ELISA test. 
HIV positive samples. 

Rapid test evaluations were performed with serum samples from patients who had previously tested for HIV by ELISA and been found to be HIV positive. In order to evaluate the performance of both HIV Smart Check and Determine( tests in detecting HIV antibodies in patients with different stages of HIV disease, we tested 137 sample from HIV-positive with known CD4 counts and viral loads. 
Quantification of CD4+ lymphocytes in blood samples.  

Blood was collected from HIV positive patients  by venipuncture in Vacuntainer tubes (Becton Dickinson, Franklin Lakes, New Jersey, USA) using K3-EDTA as an anticoagulant and processed within 4 hours of collection.  Peripheral blood CD4 and CD8 cell counts were determined by flow cytometry (FACScount, Becton & Dickinson, Mountain View, CA, USA) using standardized protocol recommended by the manufacturer.  

Quantification of HIV-1 RNA in blood and seminal plasma samples.


Plasma was obtained from K3-EDTA-treated whole blood samples from HIV positive patients and centrifuged at 600 x g for 7 minutes and stored in aliquots at –70° C within 4 hours of collection.  HIV-1 viral load in blood plasma was quantified by the NASBA method (Nuclisens, Organon Teknika, Durham, North Carolina) according to the protocol recommended by the manufacturer 3,15.  The detection limit of the assay was 40 HIV-1 RNA copies/ml.  

HIV Smart Check Assay. 

The HIV Smart Check Test is a rapid immunoassay based on immunochromatographic sandwich principle.  Recombinant proteins representing immunodominant regions of the envelope proteins of HIV-1 (gp41 and gp120) and HIV-2 (gp36) are immobilized at the test region of the nitrocellulose strip 
. 

The HIV Smart Check Test incorporates the new generation of HIV reagents - synthetic peptides, for the detection of HIV 1/2 antibodies.  The peptide antigens used in a cocktail mixture for the recognition of HIV-1 and HIV-2 are gp41, gp120 and gp36. The test method employs protein A, which is conjugated on colloidal gold particles. The synthetic peptide antigens for HIV1 and HIV2 are bound to the membrane solid phase.  The multiple epitopes (gp41, gp120 and gp36) of the HIV 1/2 protein are produced synthetically according to the viral genetic information.  The test detects antibodies against HIV1 and HIV2. 

 The test is performed by applying 60(l of serum or plasma to the sample port at the bottom of the test cassette.  Two drops (approximately 60(l) of the wash reagent is added to the sample port, and incubated at room temperature for 10 minutes to allow the reaction occur.   Results are interpreted visually by the presence of a narrow pink/red band at the test region of the device.   A red/pink band must be present even in the absence of a band at the test region to validate the test.   The test strip is covered with a transparent sheet of plastic and encased in a protective plastic cassette with a slot, which allows the interpretation of the results without exposing the operator to potentially hazardous fluids (Figure 1).

Determine( assay. 

The Determine( test (Abbott Laboratories) is an immunochromatographic test for the qualitative detection of HIV type 1 (HIV-1) and HIV-2.  The test is performed by applying 50 (l of serum to the test pad at the bottom of the strip. As the sample migrates, it reconstitutes and mixes with a selenium colloid-antigen conjugate. This mixture continues to migrate through a solid phase until it reaches immobilized recombinant antigens and synthetic peptides in the window where the patient’s results are displayed. If antibodies to HIV-1 or HIV-2 are present, a red line forms in the window where the patient’s results are displayed. An internal control window is included on each strip where a red line forms to ensure quality control of individual strips.  Results from the strips are interpreted visually (Figure 1).

Reproducibility Evaluation

In order to evaluate the reproducibility of the HIV Smart Check assay, thirty HIV-positive and twenty HIV-negative plasma samples were randomly selected among the samples tested earlier.   Randomization was accomplished by giving each sample a number from 1-150 for the HIV positive samples and from 1 – 99 for the HIV-negative samples and drawing 30 numbers for the HIV-positive and 20 numbers for the HIV-negative.   Each sample was then re-tested six times and the results evaluated by two independent technician.

RESULTS

Studied samples 

All the samples tested were screened for anti-HIV antibodies using the AXSYM system (Abbott).   All 137 samples from HIV-positive patients presented antibodies titers (delta values) at least 17 times higher than the ELISA cutoff value (Figure 2).  All the 99 HIV-negative individuals (both healthy and disease control individuals) were negative by ELISA to anti-HIV specific antibodies (data not shown).
Characteristics of HIV-positive samples 

In addition to ELISA results confirming the HIV infection, all 139 samples from HIV positive patients had both CD4 cell counts and viral load evaluated, 40 had CD4 cell counts > 500 cells/(l, 50 patients had cell counts 200-499 cells/(l and 47 with cell counts below 200 cells/(l. Viral loads ranged from <40 copies/ml to 2.300.000 copies /ml (6.36log10 copies/ml) (Table 1).

Performance of both Determine( and HIV Smart Check rapid tests

During our experiments, both Smart Check HIV and Determine( immunoassay tests presented a specificity of 100%, but differ on their sensitivities (Table 2).   The sensitivity of the Smart Check HIV was 100% (137/137 samples), whereas for the Determine( it was 98.54%, the Determine( test was not able to detect 2 out of 137 the HIV positive samples.   In order to rule out low immunoglobulin levels on the tested samples, anti-HIV specific ELISA results were also analyzed and did not show any discrepancies between the delta values of the 2 samples that the Determine( test did not detect and the other 135 samples. To rule out the possibility that negative results were due to technical problems, these two samples were re-tested in triplicates with both Determine( and HIV Smart Check assays.  The results obtained on the second run were identical to the results obtained at the first round (data not shown).  Even patients with CD4 counts less than 200 cells/(l were positive by both the Determine( and the HIV Smart Check tests, demonstrating that both tests are extremely sensitive and specific even on samples from patients in the advanced stages of the disease, when the immune system is severely compromised.
The positive predictive value (PPV) and negative predictive value (NPV) was also calculated for both the Determine( and the HIV Smart Check tests.   The Determine( presented for the studied sample group a PPV of 100% and a NPV of 96.08%.  The HIV Smart Check outperformed the Determine( by presenting for the same tested samples a PPV and a NPV of 100%.

When the 99 samples from HIV negative patients (been 49 HIV negative and 50 HIV negative for HIV infection but harboring other infectious diseases) were tested by both HIV Smart Check and the Determine( assays, the specificity found was 98.99% (1/99) and 96.97% (3/99), respectively.

Reproducibility Evaluation

The HIV Smart Check test presented a reproducibility index of 100% for both the 30 HIV-positive and the 20 HIV-negative samples.  Results were interpreted by two independent technicians and the results compared.  No discordant results were observed between either each one of the 6 tests applied to a given sample or between the results from the two individuals that interpreted it.

DISCUSSION
The results presented here showed that both rapid immunochromatographic tests, the Determine( (Abbott Labs.) and the HIV Smart Check (WDI/NDI) yielded rapid, easy to interpret results, and no specialized equipment or ancillary reagents were required to perform either test. Because of these features, both the HIV Smart Check and the Determine( tests could provide a valuable tool with which to rapidly screen patient serum samples at point-of-care facilities as well as at reference laboratories, pre-natal clinics, delivery and emergency rooms located in regions where laboratories are not well outfitted. This is of particular importance for HIV testing, as it can be problematic to have patients return to the point of care for their HIV test results.   It has been noted that with rapid tests, negative results can be given to the patient at the time of testing, eliminating the need for return visits. A positive, rapid HIV test result requires confirmation by another test or Western blotting; however, the patient can receive immediate feedback on the likelihood of infection with HIV and can receive counseling which encourages adoption of risk-reducing behaviors (3–5).  As well as that in the event of an occupational accident the index case can be readily tested expediting post-exposure therapy beginning.  In addition to that, HIV-positive pregnant women, who didn’t receive appropriate pre-natal care (which must include HIV-screening) can be tested before labor and receive the antiretroviral drugs in order to reduce the risk of vertical transmission during delivery.

Both tests were highly specific and sensitive, thus both are suitable for use in the diagnosis of HIV.   Although not statistically different, the sensitivity of the HIV Smart Check was slightly better than the one presented by the Determine(.  The HIV Smart Check test has also a couple of physical advantages when compared to the Determine(, the former test strip is encased in a plastic cassette and the portion of the test appearing at the reading window is protected by a clear layer of plastic, which protects the operator from biological fluids without compromising result interpretation, as well as it facilitates writing the sample identification on the cassette.

The World Health Organization has addressed the issues of increasing in-country capabilities for infectious disease diagnoses, particularly in the case of HIV infection, and incorporating the use of rapid diagnostic tests into standard laboratory formats and point-of-care facilities (8).  For example, the strategy for HIV testing recommends sequential testing of samples by either ELISA or rapid assays with different formats.  Samples are screened by one method, and reactive samples can then be tested by a second assay.  Thus, screening of samples by the rapid assay could serve as first-line diagnostic support with follow-up by the secondary method only for samples that appear to be positive upon initial testing.  As these tests are completed within 15 min, the patient benefits from a rapid result. This can allay fears and anxiety when negative results are obtained or can provide rapid treatment options and/or counseling in the case of a positive result.  Either way, patients are immediately aware of their potential disease status. 

According to the World Health Organization, an ideal test for the rapid diagnosis of HIV infection should be rapid, inexpensive, highly sensitive and specific, easy to perform; and with results easy to interpret. In addition to these characteristics, the test should be able to be stored at room temperature with a long shelf life; and should require no additional equipment or ancillary supplies to be performed (6). In conclusion, both the already available Determine( test and the new HIV Smart Check test for rapid detection of HIV fulfills these criteria and, as such, would provide a powerful tool for helping the diagnosis and control of the HIV pandemic in developing countries. 

REFERENCES

1. Arai, H., B. Petchclai, K. Khupulsup, T. Kurimura, and K. Takeda. 1999. Evaluation of a rapid immunochromatographic test for detection of antibodies to human immunodeficiency virus. J. Clin. Microbiol. 37:367–370.

2. Hu, D. J., T. J. Dondero, M. A. Rayfield, J. R. George, G. Schochetman, H. W. Jaffe, C. Luo, M. L. Kalish, B. G. Weniger, C. Pau, C. A. Schable, and J. W. Curran. 1996. The emerging genetic diversity of HIV. JAMA 275:210–216.

3. Irwin, K., N. Olivo, C. Schable, J. T. Weber, R. Janssen, J. Ernst, and the CDC Bronx-Lebanon HIV Serosurvey Team. 1995. Performance characteristics of a rapid HIV antibody assay in a hospital with a high prevalence of HIV infection. Ann. Intern. Med. 125:471–475.

4. Kassler, W. J., C. Haley, W. K. Jones, A. Gerber, E. J. Kennedy, and J. R. George. 1995. Performance of a rapid, on-site human immunodeficiency virus antibody assay in a public health setting. J. Clin. Microbiol. 33:2899–2902. 

5. Kassler, W. J. 1997. Advances in HIV testing technology and their potential impact on prevention. AIDS Educ. Prevent. 9(Suppl. 3):27–40. 

6. Malone, J. D., E. S. Smith, J. Sheffield, D. Bigelow, K. C. Hyams, S. G. Beardsley, R. S. Lewis, and C. R. Roberts. 1993. Comparative evaluation of six rapid serological tests for HIV-1 antibody. J. Acquir. Immune Defic. Syndr. 6:115–119.

7. Mitchell, S. W., S. Mboup, J. Mingle, D. Sambe, P. Tukei, K. Milenge, J. Nyamongo, O. Mubarak, J. Sankale, D. Hanson, and T. C. Quinn. 1991. Field evaluation of alternative HIV testing strategy with a rapid immunobinding assay and an agglutination assay. Lancet 337:1328–1331.

8. World Health Organization. 1992. Recommendation for the selection and use of HIV antibody tests. Weekly Epidemiol. Rev. 67:145–149. 

Fundação de Apoio ao Hospital Universitário Cassiano Antonio de Moraes

NDI – Núcleo de Doenças Infecciosas – UFES Universidade Federal do Espírito Santo

Av. Marechal Campos 1355 Santos Dumont

Vitória – ES

�PAGE \# "'Page: '#'�'"  �� I know this is not correct.  The determine has a anti-IgG linked with colloidal gold.  Can you rewrite this part?





