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Abstract
Background—Nucleic-acid-testing (NAT) to diagnose HIV infection in children under age 18
months provides a barrier to HIV-testing in exposed children from resource-constrained settings.
The ultrasensitive HIV- p24- antigen (Up24) assay is cheaper and easier to perform and is
sensitive (84–98%) and specific (98–100%). The cut-point optical density (OD) selected for
discriminating between positive and negative samples may need assessment due to regional
differences in mother-to-child HIV-transmission rates.

Objectives—We used receiver operator characteristics (ROC) curves and logistic regression
analyses to assess the effect of various cut-points on the diagnostic performance of Up24 for HIV-
infection status among HIV-exposed children. Positive and negative predictive values at different
rates of disease prevalence were also estimated.

Study design—A study of Up24 testing on dried blood spot (DBS) samples collected from 278
HIV-exposed Haitian children, 3–24-months of age, in whom HIV-infection status was
determined by NAT on the same DBS card.
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Results—The sensitivity and specificity of Up24 varied by the cut-point-OD value selected. At a
cut-point-OD of 8-fold the standard deviation of the negative control (NCSD), sensitivity and
specificity of Up24 were maximized [87.8% (95% CI, 83.9–91.6) and 92% (95% CI, 88.8–95.2),
respectively]. In lower prevalence settings (5%), positive and negative predictive values of Up24
were maximal (75.9% and 98.8%, respectively) at a cut-point-OD that was 15-fold the NCSD.

Conclusions—In low prevalence settings, a high degree of specificity can be achieved with
Up24 testing of HIV-exposed children when a higher cut-point OD is used; a feature that may
facilitate more frequent use of Up24 antigen testing for HIV-exposed children.

1. Background
The World Health Organization recommends highly active antiretroviral therapy (HAART)
for all children diagnosed with HIV infection at two years of age and younger.1 HAART for
HIV-infected children in resource-constrained settings (RCS) is hindered by limited access
to nucleic acid testing (NAT) required for diagnosis. Frequent HIV-testing of infants with
ongoing exposure to HIV through breast-feeding is also deterred. Evaluation of
ultrasensitive p24 (Up24) antigen assays on liquid or dried plasma2–8 or blood spots9–13,
that is more feasible for RCS, yielded sensitivities of 84–98% and specificities of 98–100%.
More recently, Mwapasa et. al.11 showed that the performance characteristics of a simplified
Up24 assay had a sensitivity of 84% and 98%, respectively, and the positive and negative
predictive values was influenced by the cutoff OD selected to distinguish positive and
negative samples, and by HIV prevalence.

2. Objective
We used receiver operator characteristics (ROC) curves and logistic regression analyses to
assess the effect of various cut-points on the diagnostic performance of Up24 to correctly
classify HIV-infection status among HIV-exposed children. Positive and negative predictive
values at different rates of disease prevalence were also estimated.

3. Study Design
As part of the JHPIEGO-UNICEF and Caris, Early Infant Diagnosis (EID) program in Haiti,
DBS (Whatman # 903 cards; Fischer Scientific, MA) were collected on 278 HIV-exposed,
Haitian children between 0.1 to 24 months of age for testing by HIV DNA polymerase chain
reaction (HIV-DNA PCR; AMPLICOR HIV-1 DNA test version 1.5;Roche Diagnostics
GMBH, Germany). Testing was done in a laboratory in Kenya accredited for infant HIV
testing. This laboratory also participates in an external quality assurance program. DBS were
labeled with a unique code without identifiers, collection date, and age before stored at room
temperature in a polythene bag with desiccant, but without humidity indicator. The results of
HIVNDA PCR testing were reported to clinical sites with a median turnaround time of 1.8
months (IQR: 0.6 – 2.4 months). Only the clinical program staff maintained the ability for
using the unique codes to connect results back to patient records. The residual DBS were
shipped to the U.S. for testing by Up24 antigen to assess potential for implementation in
Haiti. DBS were stored at 4° C until tested. Laboratory personnel performing the Up24
antigen assays were blinded to the PCR results. The study was approved by the Institutional
Review Board at Johns Hopkins University with waiver of consent, and also by the Haitian
Ministry of Health and the CARIS Foundation, the EID implementing partner.

Whole blood was eluted from two whole spots from the DBS card using slight modifications
of published methods12,13. The modifications included increasing the volume (250 μl) of
SNCR lysis buffer14 and the addition of a quick spin (two minutes in a microfuge,
Centrifuge 5424, Eppendorf, Germany) over a column (Cat # 28704, Qiagen Inc., CA) to
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remove coagulated blood generated during the heat dissociation step. These additional steps
enriched the yield of the final elution volume without compromising assay sensitivity or
specificity (data not shown); 200 μl of eluate was used for Up24 antigen testing with
ELAST amplification according to the manufacturer’s directions (Perkin Elmer, MA). DBS
samples from HIV-seronegative persons were also run with each assay.

The mean optical density (OD) of four replicate negative-controls from HIV-negative serum
(kit reagent) was used to establish the mean negative control OD value. This value was
subtracted from all samples to yield an adjusted OD value that was used in the subsequent
analyses. The standard deviation of OD values from the four replicate negative controls
(termed NCSD henceforth) was calculated. Multiples (0–15) of these NCSDs were used as a
range of cut-point or to assess sensitivity and specificity. Analyses of sensitivity and
specificity and area under the ROC curve (AUC)15 were performed for multiples of the
NCSDs as the OD cut-point value. A logistic regression analysis was performed with the
HIV-DNA PCR test results and the undichotomized, adjusted OD values. Descriptive
statistics were calculated for age at sample collection, and duration of storage. Median
characteristics of subgroups were compared using the Wilcoxon Rank-Sum. Comparisons of
the sensitivity, specificity and AUC between subgroups determined by the median age and
storage duration were performed using an optimized cut-point OD value (multiple of the
NCSD).15 Statistical analyses were performed using STATA v 10.1 (STATA Statistical
Software: College Station, TX: STATACorp LP, 2009).

4. Results
The cohort of 278 children were at a median age of four months (IQR: 2.0 – 7.7 months) at
the time of DBS collection. Samples were stored for a median of 14 months (IQR: 11.4 –
15.7 months; range 7–26 months) before testing with the Up24 assay. The HIV- infection
prevalence was 14.7% by HIV DNA PCR testing. The median age of the 41 HIV- infected
infants was four months (IQR: 2.2 – 7.4 months).

Figure 1 shows the distribution of adjusted OD values for HIV-exposed children who tested
positive or negative by HIV-DNA PCR, and for the HIV-seronegative controls. The median
OD for children identified as infected by HIV-DNA PCR was significantly higher (p <
0.001) as compared to those who tested negative by HIV-DNA PCR (2.24 [IQR, 0.58–3.16]
versus 0.05 [IQR, −0.023–0.11]), respectively (Fig. 1). One HIV-DNA PCR negative
sample seemed to be an outlier, but repeat testing based on Up24 results were not planned.

Previous studies on the use of Up24 antigen testing to diagnose HIV infection in children
have used various approaches to discriminate between positive and negative samples; a cut-
point OD value equal to or greater than five times the NCSD is often used.2,4,7,8,10,12,13

Using this criterion, the overall sensitivity of Up24 antigen assay was 87.8% and the
specificity was 86.5% (Table 1) with 86.7% of 278 HIV-exposed infants correctly classified.
Five of 41 (12%) infected children were misclassified as uninfected, and 32 of 237
uninfected children (13.5%) were misclassified as infected.

The sensitivity and specificity of Up24 for identifying HIV-infection in children was
examined using ROC curves over a range of cut-point OD values (Table 1). With increasing
multiples of the NCSD, sensitivity decreased and specificity increased. The Youden
index16,17, the cut-point at which sensitivity (87.8%) and specificity (92%); were optimized
was identified at 8-fold the NCSD; with 91.4% of children correctly classified. A cut-point
OD that was 15 times the NCSD resulted in correct classification of 95.7% of the children’s
infection status.
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Another approach to evaluate the discriminatory capabilities of Up24 is the AUC derived
from the ROC curve (Table 1, Fig. 2).18 The AUC, a summary statistic for the ROC curve,
is the probability that the measure used to classify samples will rank a randomly chosen
positive sample higher than a randomly chosen negative sample.18 The AUC was lowest
(0.69) at zero times the NCSD and highest between 7 to 15 times NCSD (range: 0.88–0.90);
these comparisons were statistically different across the 15 NCSD multiples (p < 0.001).
Using logistic regression analysis, the OD cut-point that optimized sensitivity (87.8%) and
specificity (92%) was similarly identified as eight times the NCSD with 91.4% of the
samples correctly classified.

Since age of testing and duration of storage of DBS may also affect the performance
characteristics of Up24 antigen detection in DBS9,13, we examined, using a logistic
regression model with 8-fold NCSD as the cut-point, their effect on the sensitivity and
specificity of Up24 antigen assay. No significant difference in the median age (p = 0.87) or
duration of storage (p=0.246) between the samples with negative and positive PCR results
were found.

Table 2 summarizes the positive and negative predictive values for Up24 antigen assay at
different HIV prevalence levels and when multiples of 5, 8 and 15-fold the NCSD are used
for the cut-point. In areas where the expected prevalence of true infection is approximately
5%, the positive and negative predictive values of Up24 at 8- and 15-fold the NCSD were
36.6 and 99.3%, and 75.9 and 98.8%, respectively.

5. Discussion
In this study of 278 HIV-exposed children for whom the prevalence of HIV infection was
determined at 14.5% by HIV-DNA PCR, we found that the sensitivity and specificity of
Up24 testing on DBS samples varied significantly based on the cut-point selected. When the
Youden index (8-fold NCSD) was used, sensitivity and specificity of Up24 was 88% and
92%, respectively. The cut-point identified by ROC curves was similar to that identified
using AUC and logistic regression analyses. By increasing the cut-point OD to 11- to 15-
times the standard deviation of the negative controls, specificities between 96–98% was
achieved. In countries where PMTCT programs are established, it is expected that a high
proportion (nearly 93–99%) of HIV-exposed children will not acquire infection.19,20

Therefore, a technically non-demanding test with high specificity is likely to be beneficial
for classifying infection status of HIV-exposed children.

Our study is limited by the prolonged storage of samples (median 14-months) before testing,
which may explain the lower sensitivity of Up24 in this study (88%) compared with other
studies (84–98%) done on DBS samples9. In addition, Up24 testing was not performed in a
resource-constrained setting, yet the assay required slight modifications from published
methods to achieve optimal performance, highlighting the need for standardized protocols
for Up24 antigen testing. A recent study by Mwapasa showed a similar degree of specificity
(>96%) of Up24 testing for infant HIV diagnosis with a simplified Up24 test when tested
across the different HIV prevalence levels as assessed in our stuy11. Together, these findings
suggest that in low prevalence settings, a high degree of specificity can be achieved with
Up24 testing of HIV-exposed children when a higher cut-point OD is used; a feature that
may facilitate more frequent testing of HIV-exposed children.
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Fig. 1.
Optical Density (OD) values measured at 490nm with reference at 630nm adjusted by
subtracting OD of the average of the negative controls by Ultrasensitive p24 (Up24) antigen
testing on dried blood spots (DBS) from HIV-exposed children with HIV-DNA PCR
confirmed HIV infection status. Open circles (black) are samples that tested positive by both
HIV-DNA PCR and Up24, filled circles (black) represent the samples that were positive by
HIV-DNA but negative by Up24. Filled squares (black) represent the samples that tested
negative by both HIV-DNA PCR and Up24, and open squares (black) represent HIV-DNA
PCR negative samples that tested positive by Up24. Black triangles are DBS samples from
HIV-seronegative persons. The median OD for children identified as infected by HIV-DNA
PCR was significantly higher (p < 0.001) as compared to those who tested negative by HIV-
DNA PCR (2.24 [IQR, 0.58–3.16] versus 0.05 [IQR, −0.023–0.11]), respectively. The
median OD for DBS from eight HIV-seronegative controls was −0.006 (IQR, −0.02 – 0.04).
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Fig. 2.
Receiver Operator Characteristics curves of the Up24 antigen data generated at the different
cut-point optical density tested between 0–8-fold NCSD [Panel A] and 8–15-fold NCSD
[Panel B]. The diagonal or chance line shown in grey is the reference line use to calculate
the area under curve (AUC) for each ROC curve.18,19
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Table 1

Sensitivity and Specificity of Up24 for Infant HIV diagnosis using Receiver Operator Characteristics Curves
(N=278)

Multiples of NCSDa for Cut-Point OD Sensitivity (%)(95% CI) Specificity (%)(95% CI) AUCb Correct Classification (%)

0 92.7(89.6–95.7) 46.8(41.0–52.7) 0.69 53.6

1 92.7(89.6–95.7) 58.2(52.4–64.0) 0.75 63.3

2 92.7(89.6–95.7) 65.4(59.8–70.9) 0.79 69.4

3 87.8(89.6–95.7) 74.3(69.1–79.4) 0.81 76.2

4 87.8(83.9–91.6) 81.4(76.8–86.0) 0.85 82.4

5 87.8(83.9–91.6) 86.5(82.5–90.5) 0.87 86.7

6 87.8(83.9–91.6) 89.9(86.3–93.4) 0.89 89.6

7 87.8(83.9–91.6) 91.6(88.3–94.8) 0.90 91.0

8c 87.8(83.9–91.6) 92.0(88.8–95.2) 0.90 91.4

9 80.5(75.8–85.1) 92.8(89.8–95.9) 0.87 91.0

10 80.5(75.8–85.1) 93.7(90.8–96.5) 0.87 91.7

11 80.5(75.8–85.1) 96.2(93.9–98.5) 0.88 93.9

12 80.5(75.8–85.1) 97.0(95.0–99.0) 0.89 94.6

13 80.5(75.8–85.1) 97.9(96.2–99.6) 0.88 95.0

14 78.0(73.2–82.9) 98.3(96.8–99.8) 0.88 95.3

15 78.0(73.2–82.9) 98.7(97.4–100.0) 0.88 95.7

a
NCSD – Standard deviation of negative controls per assay

b
AUC – Area under the receiver operating characteristic curve

c
Multiple of NCSD with maximum sensitivity and specificity
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