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The Gen-Probe Aptima HIV-1 RNA qualitative assay was evaluated as an alternative to Western blot analysis
for the confirmation of HIV infection using serum samples that were repeatedly reactive for HIV antibodies.
The Aptima HIV assay readily discriminated between HIV-1-infected and -uninfected individuals and effec-
tively reduced the number of indeterminate results relative to Western blot analysis.

For over 20 years, the standard algorithm for diagnosis of
human immunodeficiency virus (HIV) infection in the United
States has remained a sequential two-step process. Screening
for HIV-specific antibodies is initially accomplished using an
enzyme immunoassay (EIA), which is followed by the perfor-
mance of a confirmatory Western blot (WB) analysis or, less
commonly, an immunofluorescence assay (IFA) for all samples
that are repeatedly reactive by the EIA (6). Since this algo-
rithm was first recommended, there have been significant ad-
vances in HIV diagnostics, in terms of both improved sensitiv-
ity and specificity of available tests and the development of new
assays utilizing distinct technologies (2). There have also been
changes in the population for whom HIV testing is advised. In
2006, the Centers for Disease Control and Prevention (CDC)
recommended expansion from an approach of targeted testing
of higher-risk groups to a strategy that also incorporates rou-
tine, universal screening of all patients aged 13 to 64 years (3).
Taken together, these developments necessitate a reconsider-
ation of how the diagnostic armamentarium can best be em-
ployed to accurately discriminate between HIV-1-infected and
-uninfected individuals (13, 15).

With this objective, the CDC and the Association of Public
Health Laboratories (APHL) recently convened working
groups of HIV diagnostic experts to generate alternative test-
ing algorithms. Their 2009 report proposed the use of multiple,
rapid point-of-care HIV antibody tests or various combina-
tions of more complex laboratory-based immunoassays and
molecular tests for detection of antibodies or antigens and
nucleic acids, respectively, to augment or possibly replace the
standard combination of EIA and WB analysis in various test-
ing settings (1). Of the strategies developed for laboratory-
based HIV testing, algorithm 2 within the report most closely
resembles the traditional scheme generally used in clinical
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laboratories and comprises an EIA as a screening test for
HIV-1/HIV-2 antibodies, followed by an HIV-1 WB or IFA
confirmation for repeatedly reactive samples, with the option
for laboratories to substitute a nucleic acid amplification test
(NAAT) as the confirmatory assay. The report acknowledges
the necessity of further data, including results comparing
NAATS with supplemental confirmatory antibody tests, before
a formal recommendation can be made to replace the tradi-
tional testing approach with this or any of the other proposed
testing algorithms. With the present study, we summarize our
clinical experience in utilizing the Aptima HIV-1 RNA quali-
tative assay (Gen-Probe, Incorporated, San Diego, CA) for
confirmation of HIV infection in individuals with samples
found to be repeatedly reactive for HIV antibodies by a screen-
ing EIA.

All serum samples submitted to the Clinical Virology Lab-
oratory at the Children’s Hospital of Philadelphia between
September 2008 and July 2010 for HIV antibody screening
were assessed for potential inclusion in this study. The work
was deemed not to be human subject research and was de-
clared to be exempt by the institutional review board at the
Children’s Hospital of Philadelphia. Specimens were prospec-
tively screened for HIV by a laboratory-based EIA [HIVAB
HIV-1/HIV-2 (rDNA) EIA; Abbott Laboratories, Abbott
Park, IL], and repeatedly reactive samples were eligible if
sufficient specimen volume remained for performance of both
WB and Aptima HIV analyses. Sera were stored at 4°C from
the time of arrival in the laboratory until completion of the
EIA. When a sample was found to be repeatedly reactive by
EIA, an aliquot was prepared and stored at —70°C for testing
by the Aptima HIV assay and the remainder of the specimen
was maintained at 4°C pending completion of the WB analysis.
A total of 120 samples met the eligibility criteria for testing, of
which 70 were determined to be from HIV-infected patients
and 50 were from individuals not infected with HIV. The HIV
infection status of each patient was carefully determined by a
retrospective review of clinical history and an examination of
all HIV-related laboratory testing ordered for individuals as
part of their medical care and management, including results
obtained from HIV-1 culture, qualitative HIV-1 proviral DNA
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TABLE 1. Comparison of Aptima HIV and WB results for HIV-
infected patients
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TABLE 2. Comparison of Aptima HIV and WB results for HIV-
uninfected patients

No. of samples with WB result:

Aptima HIV result

No. of samples with WB result:

Aptima HIV result

Reactive Nonreactive Indeterminate Reactive Nonreactive Indeterminate
Reactive 66 0 3 Reactive 0 0 0
Nonreactive 1 0 0 Nonreactive 20 2 28

PCR analysis, quantitative measurements of HIV-1 RNA, and
serial monitoring of HIV antibody over time. Patients were
considered to be infected with HIV-1 if, in addition to their
having positive serologic testing, the virus was grown in culture
and/or nucleic acid was detected using qualitative or quantita-
tive molecular assays. For the 70 patients infected with HIV,
the mean age was 21.0 years, with a range of 3 months to 45
years; 2 of the infected patients were perinatally exposed in-
fants diagnosed with HIV-1 infection during infancy. The pop-
ulation of HIV-uninfected patients was unique in that 48 of 50
individuals were HIV-exposed, antibody-positive infants <18
months of age (mean, 12 months; range, 21 days to 17 months)
who were born to HIV-infected mothers and were at various
stages of seroreversion (7) at the time of this study; the other
2 patients in this group were teenagers at low risk for HIV
infection.

WB testing was performed with 20 wl of serum by using the
Cambridge Biotech HIV-1 Western blot kit according to the
instructions of the manufacturer (Maxim Biomedical, Inc.,
Rockville, MD) (12). Results were interpreted according to the
criteria established by the Association of State and Territorial
Public Health Laboratory Directors and the CDC (5). The
Aptima HIV-1 RNA qualitative assay was also performed ac-
cording to the manufacturer’s instructions (9) by using a total
of 500 wl of serum. Briefly, the Aptima HIV assay involves
three main steps that take place in a single tube. These include
(i) isolation of HIV-1 RNA using a specific target capture
oligonucleotide and magnetic microparticles, (ii) transcription-
mediated amplification of highly conserved regions of the
HIV-1 long terminal repeat and polymerase genes using Molo-
ney murine leukemia virus reverse transcriptase and T7 RNA
polymerase, and (iii) detection of amplified product using sin-
gle-stranded nucleic acid probes with chemiluminescent labels
complementary to the specific amplicons. The signal produced
by the hybridized probes is measured in a luminometer and is
reported in relative light units. Assay software is used to com-
pare these measurements to run-specific cutoffs to generate a
reactive or nonreactive result for each sample (9, 10). Three
positive and three negative calibrators provided in the kit and
one each of external negative and low- and high-level-positive
controls (Accurun control sets 803 and 315, series 300 and 500,
respectively; SeraCare BBI Diagnostics, West Bridgewater,
MA) were tested with each batch of patient samples. A kit
internal control that can be distinguished from the HIV-spe-
cific target by using a probe with a different label and different
kinetics of light emission was added as part of the target cap-
ture reagent to each specimen, calibrator, and external control
to monitor the performance of the extraction, amplification,
and detection steps. Since the purpose of this study was to
compare methods for confirming HIV-1 infection, laboratory

personnel who performed and interpreted the WB assays were
blinded to the results of the Aptima HIV assay.

Table 1 shows the comparison of Aptima HIV and WB
results for the 70 HIV-infected patients. The sensitivity of
Aptima HIV was 98.6% (91.2% to 99.9% at a 95% confidence
interval [CI]), and the specificity was 100% (90.9% to 100% at
a 95% CI) when using HIV infection status as the reference.
One patient designated as infected had an Aptima HIV result
that was negative. Upon review of the patient’s clinical infor-
mation and laboratory testing history, the Aptima HIV test
performed on this patient appeared to have been ordered in
error by the clinician. This patient was previously known to be
HIV infected, was receiving antiretroviral therapy, and had
multiple quantitative measurements of HIV-1 RNA with re-
sults that were below the lower limit of detection (40 copies/ml
at a 95% detection rate) in temporal proximity to submission
of the serum sample tested in this study, likely indicating phar-
macological achievement of an undetectable viral load.

In the WB analysis, 67 (95.7%) of 70 specimens from HIV-
infected patients were reactive and none were nonreactive,
while 3 specimens (4.3%) were classified as indeterminate. All
three patients with indeterminate WB results were diagnosed
as having recent primary infection based on risk assessment,
clinical presentation, and high levels of HIV-1 RNA in their
plasma.

Table 2 shows the comparison of Aptima HIV and WB
results for the 50 patients determined not to be infected with
HIV. Of the 50 specimens tested, 48 were from antibody-
positive infants undergoing seroreversion and having reactive
or indeterminate WB results and 2 were from low-risk adoles-
cent patients with reactive EIA results that had low specimen-
to-cutoff ratios and negative HIV-1 WB results, which is most
suggestive of a false-positive screening test given that there was
no history of risk for HIV-2 infection. All 50 specimens were
shown to be negative for HIV-1 RNA using the Aptima HIV
assay, while 20 (40.0%) of 50 samples were confirmed to be
reactive by WB analysis and 28 (54.9%) had indeterminate WB
results.

After completion of the traditional two-step EIA-WB anal-
ysis testing algorithm for specimens reactive for HIV antibody,
only 69 (57.5%) of 120 samples had results that were both
conclusive and reflective of their reference HIV infection sta-
tus. In contrast, with a combination of EIA and Aptima HIV
testing of antibody-positive specimens, 99.2% (119 of 120) of
the samples had results that were concordant with the refer-
ence HIV-1 status, with discordant results observed for only
one patient for whom the Aptima HIV assay was mistakenly
ordered and who was known to be infected with HIV-1 and was
on suppressive antiretroviral therapy with an undetectable viral
load.
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In laboratory algorithm 2 of the APHL/CDC status report
where NAAT is proposed as an alternative method for confir-
mation of repeatedly reactive EIAs, it is also recommended
that samples negative by NAAT be subjected to HIV-1 WB
analysis or IFA as additional supplemental testing to confirm
the presence or absence of HIV-1 antibodies (1). By simulating
this proposed algorithm using data generated in our study, 51
samples (43%) repeatedly reactive by EIA and negative by the
Aptima HIV assay would have been referred for WB testing.
Except possibly in the atypical case described above, adding a
supplemental WB analysis would not have provided useful
diagnostic information. However, given the possibility, albeit
low in the United States, that a patient may be repeatedly
reactive in an HIV-1/HIV-2 screening EIA and infected with
HIV-2, consideration should be given to the local prevalence
of this virus and to testing for HIV-2 antibodies if warranted by
an appropriate assessment of travel and a documented history
of risk.

Because of the time and labor involved in WB analysis and
the low number of samples referred for WB confirmation, WB
testing is typically performed only once per week in our labo-
ratory using the procedure for overnight incubation; the assay
is begun in the afternoon of the first day and completed almost
a full 24 h later. For repeatedly reactive samples in our study,
the mean time (* standard deviation) from serum collection
until the final reporting of the WB results was 5.5 (£2.6) days.
The Aptima HIV assay is currently used in our laboratory for
the diagnosis of HIV-1 infection in newborns and adolescents
at risk for infection; it takes approximately 5 h to complete,
and specimens are normally tested in scheduled batches 2 to 3
times a week depending upon the number of specimens avail-
able for testing. For both the WB and Aptima HIV analyses,
the time spent on manual labor is approximately 90 min, so the
major difference in total assay time for the two tests is the
dissimilar lengths of incubation. Although we did not formally
examine the impact that implementation of the Aptima HIV
assay for routine confirmation of repeatedly reactive EIA re-
sults would have on result reporting time, we anticipate that
the shorter time necessary to complete the Aptima HIV assay
and the performance of multiple test runs each week should
result in a faster turnaround of results than that obtained with
WB analysis. If, however, all nonreactive Aptima HIV tests are
referred for WB testing, as suggested by one of the newly
proposed APHL/CDC algorithms, the time to result reporting
for these samples may actually be longer.

At present, one limitation of using the Aptima HIV test for
confirmation of repeatedly reactive EIA results in our labora-
tory is test cost. Given that WB confirmations were typically
performed on small batches of only one to three specimens at
a time over the course of this study, the cost (which included
kit components, added reagents, supplies, and labor) of testing
a specimen by WB analysis ranged from $76.90 (for three
samples) to $176.16 (for a single sample). In comparison, the
cost of testing a specimen by the Aptima HIV assay was
$225.19 to $584.10, making Aptima HIV almost three times as
expensive as WB analysis. Therefore, the Aptima HIV test may
be more cost-effective for this indication in a laboratory with
higher testing volumes. Our estimates do not take into account,
however, the attendant costs of future additional testing and
patient care and management that may be expected to conclu-
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sively determine a patient’s HIV infection status when inde-
terminate WB results are reported to health care providers.

The Aptima HIV test is the first nucleic acid amplification
assay approved by the U.S. Food and Drug Administration
(FDA) for the diagnosis of HIV-1 infection. The test was
originally licensed in October 2006 for use with plasma, and
the FDA also recognized serum as a valid specimen source for
this assay in January 2009. The manufacturer reports detection
rates of 98.5% for 30 RNA copies/ml, 82.6% for 10 copies/ml,
42.5% for 3 copies/ml, and 19.4% for 1 copy/ml, and the assay
is designed to detect all major groups (e.g., M, N, and O) and
subtypes of HIV-1 (9, 10). Currently, the Aptima HIV assay is
clinically employed in situations in which HIV-1 antibodies
may not yet be present, including the diagnosis of acute or
primary infection in symptomatic patients (6) and targeted and
routine screening for defined patient populations (3, 8), and in
settings in which the presence of antibodies may not reflect
disease status, such as screening of newborns of infected moth-
ers (11, 14, 16). Potential advantages of using the Aptima HIV
assay instead of WB analysis to confirm HIV infection in clin-
ical samples with repeatedly reactive EIA results include (i)
less subjective result interpretation since the Aptima HIV as-
say generates tangible numerical values rather than a series of
bands that must be visually compared to controls, (ii) a reduc-
tion in the number of indeterminate results since the Aptima
HIV assay uses a technology that is distinctly different from the
current antibody-based tests used for screening and confirma-
tion, (iii) a decrease in the time to obtain results, and (iv) the
comparative ease of simultaneously processing and analyzing
large numbers of samples if necessary. Also, WBs detect only
IgG, so a patient in early seroconversion producing only de-
tectable IgM may be repeatedly positive by EIA and negative
by WB but readily detected as positive by the Aptima HIV
assay. Of interest with this assay is that whole blood can be
stored for up to 72 h at =25°C without loss of HIV-1 RNA and
that the RNA is stable in serum separated from cells for an
additional 5 days at 2 to 8°C, with no adverse effect on assay
performance. This feature would readily complement our lab-
oratory practice of storing serum at 2 to 8°C for up to a week
pending completion of the HIV-related antibody screening
and confirmation assays and, in practice, would require no
added or special handling and processing of specimens. Of
note, for infants =18 months of age who are born to HIV-
infected mothers and who are antibody positive by EIA, a
single negative or positive Aptima HIV result may be helpful
but is not sufficient by itself to definitively exclude or confirm
the early diagnosis of HIV infection in this setting. Additional
virologic testing of newly collected samples is recommended
(4, 14).

In conclusion, to our knowledge, this is the first report to
directly compare the performances of Aptima HIV and WB
analyses as confirmatory assays for clinical serum samples re-
peatedly reactive by HIV EIA. Our results demonstrate that
the Aptima HIV assay has excellent performance in this setting
and that this FDA-approved molecular amplification test can
be used in place of WB analysis while maintaining high sensi-
tivity and providing increased specificity by reducing the pro-
portion of samples with indeterminate results. Though the cost
of the Aptima HIV test is higher than that of WB analysis, the
shorter turnaround time is advantageous. Also, given the re-
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cent FDA approval of the first fourth-generation screening
assay to detect both HIV antigen and antibodies, the Aptima
HIV assay may have extended utility as an aid in the confir-
mation of HIV-1 infection in persons who are antigen positive
but have not yet seroconverted.
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