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Use of Quantitative HIV RNA Detection for Early Diagnosis of HIV
Infection in Infants and Acute HIV Infections in Alberta, Canada
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Quantitative HIV RNA viral load (QVL) assays (Roche Diagnostics) were sensitive and specific when used to diagnose HIV infec-
tion in (i) HIV-exposed infants (sensitivity of 100% [63.1 to 100%] and specificity of 100% [97.9 to 100%]) and (ii) suspected
acute HIV infection patients with a negative/indeterminate Western blot (sensitivity of 97.6% [91.6 to 99.7%] and specificity of
100% [96.1 to 100%]). No false-positive QVL results were identified.

hird-generation enzyme immunoassays (EIAs) for human im-

munodeficiency virus (HIV) screening have an estimated win-
dow of 3 to 4 weeks for the detection of antibodies to HIV after
acute infection (9). However, these EIAs are not helpful in the
diagnosis of congenital/perinatal HIV infections since transpla-
cental maternal antibodies may persist for 18 months in infants
(4). These assays are also limited as diagnostic tests for patients
with acute HIV infection (AHI) who have not yet developed con-
firmatory HIV antibodies detected by Western blotting (WB) (8).

Data from the Alberta Provincial Laboratory for Public Health
(ProvLab) were extracted and analyzed to examine the perfor-
mance of quantitative HIV RNA viral load (QVL) assays licensed
for the clinical monitoring of HIV-infected patients as diagnostic
tools in two populations: (i) HIV-exposed infants and (ii) patients
with suspected AHI not confirmed by a WB (Fig. 1). Diagnostic
laboratories that opted to use qualitative nucleic acid assays (cur-
rently only licensed for the screening of blood, organ, and tissue
donors) to diagnose HIV infections in these two populations
needed to maintain two platforms and inventories of nucleic acid
assays to support both HIV diagnosis and disease monitoring.

The inclusion criteria for HIV-exposed infants were that the
infants were born to HIV-infected mothers between 1995 and 30
May 2009 in central and northern Alberta and that they were
tested with QVL assays prior to 18 months of age. Confirmed
congenital/perinatal HIV-infected cases were defined as infants
with multiple (=2) detectable QVL using the Public Health
Agency of Canada (PHAC) case definition for HIV (14). Infants
with undetectable QVL and negative follow-up HIV antibody test
results were defined as “confirmed not HIV infected” based on the
Centers for Disease Control and Prevention 2008 HIV case defi-
nition (2). The second study population of suspected AHI cases
included individuals =2 years old with initial positive/indetermi-
nate EIA screens and negative/indeterminate WBs between April
1996 and 30 April 2010 who had QVL assays performed within 150
days of their negative/indeterminate WBs (Fig. 1). Suspected AHI
cases who had detectable QVL or a follow-up positive WB were
defined as “confirmed HIV infected” (2), and patients who had no
detectable QVL and failed to demonstrate progression on serial
HIV antibody tests (at least 7 days apart) were defined as not HIV
infected. Statistical comparisons were made using Mann-Whitney
tests for medians and chi-square tests for proportions.

Among 222 HIV-exposed infants, 8 (3.6%) were confirmed as
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being HIV infected with multiple (=5) detectable QVL (Fig. 2a).
Among these 8 infected infants, the QVL was initially undetectable
for only one infant at 2 days of age, and this infant subsequently
had detectable QVL at 27 days and in follow-up tests. Of the other
7 infants, one also had the first detectable QVL by 1 month of age
(18 days), two by 3 months (63 and 73 days), and four by 11
months of age, depending on the timing of the first QVL. The
remaining 214 infants had undetectable QVL; 192 (89.7%) had
=2 QVL tests (median, 3 tests; range, 1 to 7 tests) performed, with
most specimens (609/698, 87.2%) submitted at an age of <6
months. A total of 178 infants had negative HIV serology at a
median age of 17.3 months (range, 6.4 to 58.3 months), confirm-
ing that they were not HIV infected. For the remaining 36 infants
with no follow-up serology, 31 (86.1%) had at least two undetect-
able QVL. Among all infants with confirmed HIV status, QVL
assays had 100% sensitivity and 100% specificity (Table 1).

With respect to our second study population of suspected AHI
cases, 197 had QVL assays performed within 150 days of their
negative/indeterminate WB, representing 9.1% of the 2,157 pa-
tients with negative/indeterminate WBs during the study period.
A total of 84 patients were confirmed to be HIV infected (Fig. 2b).
Two of these 84 patients tested as undetectable on their first QVL
assay. The first QVL from one of these two patients was undetect-
able using the Cobas Amplicor HIV 1.5 assay (Roche Diagnostic
Systems, Quebec, Canada), which had a limit of detection (LOD)
of 400 copies/ml; the same patient then had detectable QVL 72
and 218 days later at 850 copies/ml and 680 copies/ml, respec-
tively, using the Cobas Amplicor HIV UltraSensitive 1.5 assay
(LOD, 50 copies/ml). The other suspected AHI patient, who was
confirmed as HIV infected based on a follow-up positive WB and
detection of HIV antibodies by radioimmunoprecipitation, con-
tinued to have undetectable QVL for the next 5 years using both
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HIV WB used at ProvLab 1995 to Jun 2010:

Nov 2001 - Aug 2002 Cambridge Bio-tech Western blot, Calypte Biomedical Corporation, USA
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HIV QVL and lower limit of detection (LOD) used at ProvLab 1995 to Jun 2010:
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requesting repeat HIV antibodies test as follow-up

2. Virologist discuss results with submitter and

HIV QVL if clinically indicated, e.g., high

Jan - Feb 1997 HIV Monitor, Roche Diagnostic Systems — LOD: 100 copies/mL

Feb - Sep 1997 HIV Monitor, Roche Diagnostic Systems — LOD: 500 copies/mL

Sep 1997 - Aug 1998 HIV Monitor & HIV Monitor Ultra Sensitive, Roche Diagnostic Systems
- LOD: 500 copies/mL & 50 copies/mL, respectively

Sep 1998 - May 1999 HIV Monitor & HIV Monitor Ultra Sensitive, Roche Diagnostic Systems

ion for acute

ion with risk factors

+/- clinical presentation +/- two reactive EIAs +/-
urgent situation such as late trimester pregnancy.

- LOD: 400 copies/mL & 50 copies/mL, respectively
May 1999 — Mar 2000 Cobas Amplicor HIV & Cobas Amplicor HIV Ultra Sensitive, Roche
Diagnostic Systems — LOD: 400 copies/mL & 50 copies/mL,

respectively

Mar 2000 — Aug 2007 Cobas Amplicor HIV 1.5 & Cobas Amplicor HIV Ultra Sensitive 1.5,
Roche Diagnostic Systems — LOD: 400 copies/mL & 50 copies/mL,
respectively

Aug 2007 — Jun 2010 COBAS AmpliPrep/COBAS TagMan HIV-1 test, Roche Diagnostic
Systems — LOD: 40 copies/mL

Roche Diagnostic Systems, Quebec, Canada

FIG 1 HIV antibody testing algorithm and quantitative HIV RNA viral load assays used at the Provincial Laboratory for Public Health, Alberta, Canada, from
1995 to 2010. EIA, enzyme immunoassay; WB, Western blot; QVL, quantitative HIV RNA viral load; Lab, Provincial Laboratory for Public Health, Alberta

(ProvLab); Neg, negative; Ind, indeterminate; Pos, positive.

the Cobas Amplicor HIV UltraSensitive 1.5 and the Cobas
AmpliPrep/Cobas TagMan HIV-1 assays (Roche Diagnostic Sys-
tems) (LOD, 40 copies/ml). The remaining 82 suspected AHI
cases with confirmed HIV infection all had detectable QVL: 25
had first QVL that were greater than the quantifiable upper limit
of the assays (7 at >10,000, 17 at >750,000, and 1 at >10,000,000
copies/ml), and the remaining 57 had a median first QVL of
82,000 copies/ml (range, 430 to 23,000,000 copies/ml). For the
113 suspected AHI cases with undetectable QVL, 91 (80.5%) had
follow-up serological tests to confirm that they were not HIV in-
fected (Fig. 2b). The QVL assays had 97.6% sensitivity and 100%
specificity for diagnosing AHI (Table 1).

Suspected AHI patients confirmed to be HIV infected and
those who were not HIV infected were similar in age, with
median ages of 35.0 (range, 16.1 to 62.2 years) and 30.8 (range,
15.3 to 80.3 years) years, respectively (P = 0.09), but were more
likely to be male (61.7% versus 39.3%, respectively; P = 0.004),
to have reactive results by both EIAs (91.5% versus 18.0%,
respectively; P < 0.001), and to have an indeterminate rather
than a negative WB (75.9% versus 60.4%, respectively; P =
0.03). The median signal/cutoff for the first EIA for the AHI
cases, 8.5 (range, 1.0 to 31.6), was higher than that for the
uninfected patients, 1.5 (range, 0.74 to 15.88), P < 0.001. (The
sample with the median signal/cutoff of 0.74 had a reactive EIA
screen at a different laboratory.) Risk factors were available for
70 (83.3%) of the 84 confirmed AHI cases from the Provincial
Notifiable Disease Database: 35 (50%) were injection drug us-
ers, 12 (17%) were heterosexuals with a high-risk sex partner,
and 10 (14%) were men who have sex with men.

While our study supports the position endorsed by the
American Academy of Pediatrics for the use of QVL as a diag-
nostic tool for HIV in infants <18 months old (15), our results
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should be interpreted with caution due to the small number of
infected infants (n = 8) in our sample and because the sample
collection time points were not standardized among the ex-
posed infants. Although we cannot make firm recommenda-
tions on optimal time points and frequency of QVL measure-
ments, the PHAC recommendation of testing exposed infants
at multiple time points is supported by the observation of an
undetectable QVL on day 2 of life and a detectable QVL on day
27 in one of our infants (14). Of note, reported sensitivities of
QVL assays range from 25 to 50% in the first few days of life to
100% by 6 to 12 weeks of age (15). Furthermore, while some
published studies suggest that the use of maternal and infant
antiretroviral drugs does not decrease the sensitivity of QVL
assays performed during the first 6 months of age, others sug-
gest that the use of zidovudine may result in lower infant viral
loads (10, 16).

With respect to suspected AHI cases, we had two interesting
confirmed infected cases with low viral set points and undetect-
able QVL during acute HIV infection. So while QVL may be an
important and viable diagnostic tool, these cases suggest that a
complete serological follow-up is still important for case ascer-
tainment. Our observations suggest that the QVL assay li-
censed for patient monitoring has utility as a supplementary
diagnostic tool for the diagnosis of HIV infection in the two
population groups studied.

Unlike other studies (3, 5, 13), we found no false-positive QVL
in either of our study populations. Brambilla et al. (1) postulated
that many false-positive QVL may be due to poor specimen han-
dling. The excellent specificity (100%) of the QVL assays in our
laboratory likely reflects the staff’s technical expertise and the
quality assurance measures in place at the ProvLab. The specific-
ity was likely also improved by the ProvLab requirement of
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FIG 2 Quantitative viral load results and serological follow-up for the two study populations in Central and Northern Alberta, HIV-exposed infants (a)
and suspected acute HIV infections (b). (a) HIV-Exposed Infants, infants born to HIV-infected mothers between 1995 and 30 May 2009 in Central and
Northern Alberta who were tested with QVL assays prior to 18 months of age; Confirmed HIV Infected, infants (<18 months of age) with =2 detectable
QVL; Confirmed NOT HIV Infected, infants with all QVL samples tested as undetectable and a negative HIV antibody test on follow-up; HIV Status Not
Confirmed, infants with all QVL samples tested as undetectable who were lost to follow-up with no follow-up HIV antibody test. (b) Suspected Acute HIV
Infection, patients =2 years old with initial positive/indeterminate EIA screens and negative/indeterminate WBs between April 1996 and 30 April 2010
who had at least one detectable QVL within 150 days of their negative/indeterminate WB; Confirmed HIV Infected, patients with detectable QVL and/or
a follow-up positive WB; Confirmed NOT HIV Infected, patients with all QVL samples tested as undetectable who failed to demonstrate progression/
seroconversion on serial HIV antibody tests that were at least 7 days apart; HIV Status Not Confirmed, patients with all QVL samples tested as
undetectable who had limited or no follow-up HIV antibody test. QVL, quantitative HIV RNA viral load; EIA, enzyme immunoassay; WB, Western blot;
Pos, positive; Neg, negative; Ind, indeterminate.

using only dedicated plasma samples for QVL assays, which
meant that follow-up samples were collected from all suspected
acute seroconverters. Potential disadvantages of this approach
are a delay in diagnosis and incomplete compliance with
follow-up. A recent study reported good performance of QVL
assays using serum aliquots of the original samples submitted
for HIV antibody tests (12). Other limitations of our approach
are that we did not perform QVL assays on all patients with
negative/indeterminate WBs and that our risk factor screening

to select suspected seroconverters could also have enhanced the
positive predictive value of the QVL. Furthermore, QVL assays
have variable sensitivity for non-B HIV clades (7, 17), and
commercial QVL assays cannot diagnose HIV-2 infections,
which are rare but present in Canada (6, 11).

In summary, our data show good performance characteris-
tics of QVL assays in the diagnosis of HIV infection in HIV-
exposed infants and in cases of suspected acute HIV infection
before the development of confirmatory antibodies. Further

TABLE 1 Sensitivity and specificity for QVL assay results among HIV-exposed infants and cases of suspected acute HIV infection who had multiple

detectable QVL and/or follow-up serological tests to confirm their status®

No. positive by QVL assay/no.

positive by serial serology Sensitivity (%) No. negative by QVL/no. Specificity (%)
Population and/or repeat detectable QVL (95% CI) negative by serial serology (95% CI)
HIV-exposed infants (n = 186) 8/8 100 (63.1-100) 178/178 100 (97.9-100)
Suspected acute HIV infection cases (n = 175) 82/84b 97.6 (91.6-99.7) 91/91 100 (96.1-100)

a CI, confidence interval.

© One of the two patients with serologically confirmed HIV infection had an initially undetectable QVL but a low viral load on a follow-up QVL (see text).
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studies with larger sample sizes, incorporation of various HIV
clades, and use of nondedicated serum samples will provide
further validation data for the diagnostic use of these assays.
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