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INTRODUCTION

HIV viral load testing is routinely used to monitor response to antiretroviral therapy (ART).1
Yet, reverse transcriptase by polymerase chain reaction (RT-PCR), which measures viral
RNA, requires sophisticated infrastructure, technical expertise, and rigorous quality control.
With simpler technology and lower cost, the ultrasensitive p24 antigen (Up24) assay uses a
standard ELISA (enzyme-linked immunosorbent assay) format to detect p24 antigen.2 Two
modifications increase sensitivity: heat denaturation causing dissociation of antigen-
antibody complexes and tyramide-based amplification. Schupbach et a/. further enhanced
sensitivity with an improved virus lysis buffer.3

Schupbach et al. have shown that Up24 is a reliable marker for HIV-1 subtype B infection,
disease progression, survival in advanced disease,* and disease progression in early-stage
disease.® Additional studies have demonstrated the utility of Up24 to monitor response to
ART.5-9 Evaluations of the assay in populations with predominantly non-B subtypes, have
predicted mortality in Zimbabwe (subtype C)10 and Uganda (subtypes A, D, A/D
recombinant).1! Investigators have found the Up24 assay accurate in samples from South
Africa (subtype C)12 and Malawi (subtype C),13 but inferior to HIV RNA in Cote d’Ivoire
(CRF02_AG), Burkina Faso (CRF06_cpx, CRF02_AG, subtypes A and G),1° and Senegal
(CRF02_AG and subtype A).18 Of primary concern is limited sensitivity at lower viral
levels.

Applications of special interest for use of a p24 assay in resource-limited settings have
included early diagnosis in paediatric populations and recognition of acute HIV infection.
Investigators using acid rather than heat for immune complex dissociation found that p24
antigenemia was associated with poor survival in HIV-1 infected Ugandan children, yet
sensitivity to detect infection especially in the first weeks of life was low.1” Heat
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dissociation increased sensitivity. Subsequent studies of infants in Tanzanial8 and
Democratic Republic of Congo,1® incorporated heat dissociation and showed sensitivity of
98.7% and 100%, respectively. Recently, Fiscus et al. demonstrated sensitivity of 88% for
the Up24 assay to diagnose acute HIV-1 infection in Malawi.20

Due to the potential cost savings (Up24, US$19 versus RT-PCR, US$60)14 and ongoing
improvements to the Up24 assay, investigators continue to examine its accuracy, especially
in populations infected with non-B subtypes and during ART. Development of a new virus
dissociation buffer by the Swiss National Center for Retroviruses (SNCR) has optimized
virus disruption and improved the sensitivity of the assay.2 The new buffer improves
detection of particle-associated p24 from 250,000 copies/ml to 50,000 copies/ml, and detects
continued presence of p24 reactivity in patients with HIV-1 RNA < 50 copies/ml in subtype
B virus. Because the assay measures viral particles rather than nucleic acid, and mechanisms
of viral pathogenicity involve protein mediators, Up24 may even have an advantage over
conventional methods for ART monitoring.

In this population of Ugandans infected with predominantly HIV-1 A, D, and A/D
recombinant subtypes,?! we compared the Up24 assay to RT-PCR. This study reports the
agreement of Up24 with RT-PCR prior to ART and during ART in patients in Kampala,
Uganda.

Study population

We recruited HIV-1 infected persons attending the Infectious Diseases Institute for HIV/
AIDS treatment at Makerere University College of Health Sciences in Kampala, Uganda.
Participants were older than 18 years with serologic confirmation of HIV-1 infection, and
either initiating ART or on ART. Five hundred fifty consecutive, eligible patients attending
the clinic who provided written, informed consent were enrolled into an observational cohort
between May 2004 and February 2005 as described previously.22 All participants with
available samples were chosen; the number of samples was limited due to shipping
restrictions. Of the 550 enrolled, 331 participants contributed a total of 394 blood samples
that were evaluated by RT-PCR and Up24. Two hundred thirteen samples were from ART-
naive participants prior to treatment. And, 181 samples were from ART-experienced
participants collected during treatment.

Laboratory Testing

We compared HIV viral load by RT-PCR (Amplicor HIV-1 Monitor 1.5 assay, Roche
Molecular Systems, Inc., Branchburg, NJ) versus the HIV-1 p24 Core Profile ELISA
boosted by the ELAST ELISA Amplification System (PerkinElmer Life Sciences, Boston,
MA). Each assay was performed according to manufacturer’s instructions. The standard
Roche Amplicor Monitor HIV-1 RNA assay was used on viral RNA extracted from
peripheral blood samples as described elsewhere.?3 RT-PCR assays were performed by the
Makerere University-Johns Hopkins University CoreLab, which is College of American
Pathologists (CAP) certified. Values for RT-PCR ranged from 2.6 logy copies/ml (399
copies/ml) to 6.0 logyg copies/ml (1,000,000 copies/ml).

For the ultrasensitive p24 antigen (Up24) assay, a plasma sample of 50 pl of plasma was
incubated with 25 pl of a mixture containing 30 mM of Tris/HCI (pH 7.2), 450 mM of NaCl,
1.5% Triton X-100, 1.5% deoxycholic acid (sodium salt), 0.3% sodium dodecylsulfate, and
10 mM of EDTA at room temperature before boiling for 5 min on a dry heat block preheated
to 100°C.24 After cooling, duplicate 250-pl aliquots were tested with the HIV-1 Core Profile
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ELISA in combination with the ELAST ELISA Amplification System as described
previously.25

For each sample, the averaged result of end point reading was recorded as picograms per
millimeter if the concentration was above the diagnostic cutoff corresponding to the mean
plus 3 standard deviations of 6 different HIV-negative control plasma samples run in every
experiment. An additional negative control was run in all tests. HIV p24 concentrations were
reported as femtograms of HIV-1 p24/ml of plasma. As has been reported previously, limit
of detection is 1.9 logyg fg/ml.26 Values for Up24 ranged from 1.9 logyo fg/ml to 6.0 logsg
fg/ml. The p24 assays were performed at the Johns Hopkins Medical Institutions.

Statistical Analysis

Statistical analyses were performed using SAS software (version 9.1.3, SAS Institute, Cary,
NC). Values were logyg transformed. We compared p24 antigen level with RNA viral load
by linear regression including slope and intercept, and Pearson correlation coefficient. We
calculated sensitivity, specificity, positive predictive value (PPV) and negative predictive
value (NPV) with 95% confidence intervals using viral RNA by RT-PCR as the gold
standard.

Ethical Approval

RESULTS

This study protocol was approved by the Johns Hopkins Medicine Institutional Review
Board, the Makerere University Faculty of Medicine Research and Ethics Committee, and
the Uganda National Council of Science and Technology.

Patients and Baseline Characteristics

Two hundred thirteen ART-naive participants each contributed one sample prior to ART. Of
the 118 participants who were ART-experienced, 55 contributed one sample and 63
contributed two samples for a total of 181 samples collected on ART. Median viral load for
the entire group of 394 samples was 4.9 log;g copies/ml (IQR, 2.6-5.5); 114 samples (29%)
were undetectable by RT-PCR (<2.6 logyg copies/ml). Median Up24 was 3.1 logq fg/ml
(IQR, 1.9-3.9) and 163 samples (41%) were undetectable (<1.9 logyg fg/ml). For the 213
samples collected prior to ART, median viral load was 5.4 logq copies/ml (IQR, 5.0-5.7)
and median Up24 was 3.7 logyg fg/ml (IQR, 1.9-4.3). For the 181 samples collected during
ART, both median viral load and median Up24 were undetectable.

Ultrasensitive p24 antigen versus RT-PCR

Figure 1 illustrates the scatterplot of log;g Up24 antigen versus logg RT-PCR for HIV-1
viral load. Regression analysis demonstrated a slope of 0.50 and intercept of 0.87. Pearson
correlation coefficient was 0.58 (p < 0.0001) and r2 was 0.33. Linear regression analysis was
done for two subgroups of samples, those collected from participants naive to ART and
those collected from participants on ART. For the 213 samples collected from ART-naive
participants, slope was 0.80, intercept was —0.70, the correlation coefficient was 0.39, and r2
was 0.15. For the 181 samples taken while participants were on ART, slope was 0.33,
intercept was 1.39, the correlation coefficient was 0.47, and r2 was 0.22.

Sensitivity of the Up24 assay to detect viral load > 400 copies/ml was 69% (Table 1) and
specificity was 67%. Positive predictive value (PPV) of Up24 for viral load > 400 copies/ml
was 84% and negative predictive value (NPV) was 47%. In those 213 participants tested
prior to ART, the sensitivity of Up24 was 73%, while both specificity and PPV were 100%.
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In those 181 participants tested while receiving ART, sensitivity and specificity were 58%
and 66%, respectively.

The percentage of samples found to be detectable by Up24 varied according to HIV viral
load by RT-PCR (p<0.0001) (Table 2). Sensitivity of Up24 was 90%, 80%, 68%, 62%, and
45% to detect viral load of >500,000; 250,000-500,000; 100,000-250,000; 50,000-100,000;
and 400-50,000 copies/ml, respectively. Of 114 samples deemed undetectable by RT-PCR
(<400 copies/ml), the Up24 assay detected 33% (95% Cl, 25-42%) and the Up24 median
value was undetectable at 1.9 logqg fg/ml (IQR, 1.9-2.7). Of these 114 samples, 112 were
contributed by participants on ART. For samples deemed undetectable by Up24 (N=163),
the RT-PCR median value was 3.1 logyq copies/ml (IQR, 2.6-4.9).

DISCUSSION

Specificity of Up24 in those with undetectable viral load was 67% and remained unchanged
(66%0) in the subset of those participants on ART. Therefore, we found that the Up24 assay
misclassified 38 of 112 (34%) on ART as falsely positive according to RT-PCR results. This
disagreement with the RT-PCR results may limit the clinical utility of the Up24 to determine
whether a patient receiving ART is fully suppressed.

The specificity of 67% may be due to an uncovering of p24 antigen made possible by the
virus disruption buffer developed by the Swiss National Center for Retroviruses (SNCR)
and may represent “aggregated viral protein originating from damaged or destroyed
particles.”® Using the SNCR buffer, Schupbach et a/. observed persistent p24 reactivity in
34% of patients with undetectable RNA on ART.? This may also represent viral replication
in reservoirs other than plasma. Newer technologies, such as ultrasensitive nanoparticle
technology, may elucidate mechanisms that explain this persistent p24 reactivity.27:28

The sensitivity of the Up24 to detect viral load deemed detectable by RT-PCR is greater in
those not receiving ART compared to those receiving ART. This is due to the greater
prevalence of higher viral loads in those untreated. The Up24 assay detected 90% of viral
loads > 500,000 copies/ml, yet the sensitivity of Up24 decreased to 45% at viral loads
ranging from 400 to 50,000 copies/ml. This occurred despite the use of the SNCR buffer,
which has been shown to improve antigen-antibody dissociation and increase
sensitivity.3:20:29 |n this population of 331 individuals with predominantly A, D, and A/D
recombinant subtypes,?! the Up24 assay generated 27% false negative results in those not on
ART, which increased to 42% for those on ART with lower viral loads. Our findings are
similar to the results of studies that were conducted in Cote d’lvoire (HIV-1 CRF02_AG)14
and Burkina Faso (CRF06_cpx, CRF02_AG, subtypes A and G)® which included patients
on ART with lower viral load levels.

Because Up24 measures viral proteins and RT-PCR measures viral RNA, we do not
anticipate perfect agreement. Our correlation coefficient was 0.55. Other groups have also
reported correlation coefficients much less than one.#530 This can be explained by the fact
that the p24 antigen is “a structural component of the retroviral particle [that exists] as a
soluble protein in plasma, as a protein bound in immune complexes, or as a component of a
subviral particle.”31 Whereas, HIV-1 RNA is a particle-associated molecule.

Incomplete dissociation of antigen-antibody complexes is one putative mechanism
explaining less than perfect sensitivity. Investigators have illustrated two scenarios. High
levels of antibody concentrations may cause re-association after neutralization when
antigens bind to capture antibody.3! Or, high-affinity antibodies that are resistant to heat
dissociation may cause incomplete release of antigen.32
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To address the question of whether Up24 reliably detected HIV-1 in non-B subtypes, Ribas
et al. evaluated plasma samples containing isolates classified by gag/env heteroduplex
mobility assay as group M subtypes: A, B, C, D, F, G, H; various recombinant strains; and
one group O virus.28 The Up24 was positive in 110 of 120 (92%) samples with a mean of
3.59 logqg fg/ml. Three samples from one individual infected with subtype A were not
detectable by Up24, but when retested with the INNOTEST HIV antigen mAb test
(Innogenetics, Ghent, Belgium), the samples were positive. Similarly, Burgisser et al. noted
underestimation of p24 antigenaemia in patients infected with subtypes A, C, and D both on
and off ART.33 The predominance of A, D, and A/D recombinant subtypes in our study
population may have contributed to the diminished sensitivity of Up24 at lower viral loads.

Prado et al. tested 51 patients during a trial of structured treatment interruptions in
Barcelona, Spain using the commercial buffer and found reduced sensitivity as viral load
declined (82%, RNA > 100,000 copies/ml; 39%, 10,000 < RNA< 100,000 copies/ml; 1%,
50 < RNA < 10,000 copies/ml).32 They suggested that incomplete dissociation due to high-
affinity immune complexes contributed to the limited sensitivity of the Up24. And, as p24
antigen levels decreased with increasing erythrocyte concentrations, HIV-1 immune
complexes may have bound to erythrocytes and reduced viral protein in plasma.

Many studies have demonstrated that the p24 antigen is a marker of HIV-1 infection that
predicts disease progression and death. And, in HIV-1 subtype B, Up24 can be used to
monitor response to ART. Furthermore, recent developments in nanoparticle technology
indicate that the compromised specificity of the assay may be an artifact of the technical
limitation of RT-PCR. Our results suggest that the diagnostic accuracy of Up24 antigen
assay to monitor response to ART in predominantly A, D, and A/D recombinant subtypes is
limited by its sensitivity specifically at lower viral loads. As well, there was some
disagreement between the Up24 and RT-PCR for detection of negative samples, which may
limit the use of the Up24 to detect viral suppression.
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Figure 1.

Correlation analysis of ultrasensitive p24 antigen assay (logyo fg/ml) and reverse
transcriptase by polymerase chain reaction RT-PCR (logqq copies/ml) for HIV-1 viral load.
N=394. Up24 antigen = 0.87 + 0.50 * RNA,; r2 = 0.33; Pearson correlation coefficient = 0.58
(P-value < 0.0001).

“*” represents samples collected from participant naive to ART, N=213.

“QO” represents samples collected from participant on ART, N=181.

Up24 values ranged from 1.9 logyg fg/ml to 6.0 logyg fg/ml. RT-PCR values ranged from 2.6
logyg copies/ml to 6.0 logyq copies/ml.
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Table 1

Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) of ultrasensitive
heat-denatured p24 antigen assay (Up24) results for viral load by reverse transcriptase-polymerase chain
reaction (RT-PCR) in samples collected from participants prior to antiretroviral therapy (ART) and during
ART (ClI, confidence interval).

Sensitivity Specificity PPV NPV

n/N* niN® niNT niNg

(%,95% Cl) | (%,95% CI) | (%,95% CI) | (%, 95% CI)
Not on ART 153/211 212 153/153 2/60
(N=213) 73 (66-79) 100 100 3(0-8)
On ART 40/69 74/112 40/78 74/103
(N=181) 58 (46-70) 66 (57-75) 51 (40-62) 72 (63-81)
All participants | 193/280 76/114 193/231 76/163
(N=394) 69 (64-74) 67 (62-72) 84 (80-88) 47 (42-52)

*

Number of samples positive by RT-PCR (>2.6 log10 copies/ml) and Up24 (>1.9 log10 fg/ml)/total positive by RT-PCR (>2.6 log10 copies/ml).
N

Number of samples negative by RT-PCR (<2.6 log10 copies/ml) and Up24 (<1.9 log10 fg/ml)/total negative by RT-PCR (<2.6 log10 copies/ml).
”Number of samples positive by RT-PCR (>2.6 log1( copies/ml) and Up24 (>1.9 log1( fg/ml)/total positive by Up24 (>1.9 log10 fg/ml).

§Number of samples negative by RT-PCR (<2.6 log10 copies/ml) and Up24 (<1.9 log10 fg/ml)/total negative by Up24 (<1.9 log10 fg/ml).
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