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We examined the reproducibility of a second-generation branched-DNA (bDNA) assay (Quantiplex HIV
RNA 2.0) for quantification of human immunodeficiency virus type 1 (HIV-1) RNA in plasma by retesting 325
specimens on separate runs and on different lots. The performance of the bDNA test was also assessed by data
analysis obtained during routine testing of 15,365 specimens. Upon retesting, 96 and 86% of specimens
displaying RNA levels above 5,000 and between 500 and 5,000 copies/ml, respectively, showed less than a 0.3
log,, (twofold) difference with their initial values. Assay variability was found to increase as viral load
decreased. Overall, the bDNA version 2.0 assay was found to be a reproducible and efficient test for routine

quantification of HIV-1 RNA in plasma.

Human immunodeficiency virus (HIV) RNA levels and
CD4" T-lymphocyte counts are important biological markers
for the management of HIV-infected patients (1). HIV RNA
levels in plasma have been shown to be a strong determinant of
disease progression and serve as a guideline to determine when
antiviral therapy should be initiated and changed (5, 6, 8). The
clinical significance of HIV RNA levels will depend on the
biological variability within individuals and on the variability of
the test employed. In clinically stable patients, HIV RNA lev-
els measured by branched-DNA (bDNA) technology have
been found to vary by 0.4 log,, over a 48-h period (2). Several
limited studies have shown that the reproducibility of the cur-
rently available viral load assays can vary by as much as 0.5
log,, (4, 9, 10). However, the actual variation and the perfor-
mance of these assays in routine testing have not been sub-
stantially documented.

We performed HIV viral load measurements on a routine
basis for the follow-up of HIV-infected patients in the Cana-
dian province of Quebec. EDTA-plasma samples were ob-
tained from hospitals and private clinics. Specimens were fro-
zen at —70°C within 6 h of collection and transported on dry
ice to the Laboratoire de Santé Publique du Québec, where
they were stored at —70°C until testing. In most cases, two
aliquots of at least 2.0 ml were obtained for each specimen.
Viral RNA levels were measured by a second-generation
bDNA assay (Quantiplex HIV RNA 2.0; Chiron Corporation,
Emeryville, Calif.) according to the manufacturer’s instruc-
tions (3). Briefly, in this assay clinical specimens, positive and
negative controls, and DNA standards are each processed in
duplicate. The positive control consists of human plasma con-
taining inactivated HIV type 1 (HIV-1). Following a series of
nucleic acid hybridization steps, alkaline phosphatase-labeled
probes are incubated with a chemiluminescent substrate. The
amount of light emitted is measured in a luminometer and
reported as relative luminescent units (RLU). The quantity of
HIV-1 RNA is determined from a standard curve defined by
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light emission from four DNA standards. The DNA stan-
dards are calibrated against an HIV RNA transcript stan-
dard as follows (in RNA copies/milliliter): A, 800,000; B,
54,000; C, 6,000; D, 250. The result reported as RNA copies/
milliliter is derived from the mean of the two readings. The
extent of the divergence between duplicate readings is pro-
vided by the coefficient of variation (CV). The quantification
limit of the test is set at 500 RNA copies/ml. Specimens were
retested, if sufficient volume was available, when yielding
>500 RNA copies/ml with a CV above 35% or when yielding
<500 RNA copies/ml with a CV above 35% if the RLU of
one of the readings was above the RLU of one of the D
standards, as recommended by Chiron personnel. Retesting
of specimens was performed within 5 working days on a
fresh aliquot.

Between April 1, 1997, and March 31, 1998, an average of
301 specimens were received weekly. This volume of testing
required 2.5 operators per week working a 7-hour day, 5 days
a week. The mean turnaround time from reception of speci-
mens to result printout was 6 days (including weekend delays).
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FIG. 1. Log,, difference between duplicate tests against their means for 243
clinical specimens. The regression line is included in the figure.
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TABLE 1. Interassay variability of bDNA version 2.0 assay according to RNA level
RNA levels No. of Log,, difference No. (%) showing a difference of:
(copies/ml) specimens” (mean = SD) <03 logyo =0.3-<0.5 logyo =0.5 log,
500-4,999 69 0.16 = 0.12 59 (85.5) 9 (13.0) 1(1.4)
5,000-49,999 86 0.13 £ 0.10 82 (95.3) 3(3.5) 1(1.2)
50,000-499,999 88 0.11 = 0.09 85 (96.6) 3(3.4) 0

“ Specimens classified according to mean of initial and repeat values.

Operator tasks included unpacking of specimens on dry ice,
specimen labeling, revision of patient data, testing, entering of
results, and data collection. Tests were performed by a pool of
four trained operators.

A total of 15,365 specimens from 5,339 patients were tested:
58.4% of specimens showed RNA levels above 500 copies/ml,
while 41.6% displayed RNA levels below this value. A CV of
>35% was observed in 3.3 and 9.8% of specimens yielding
RNA levels above and below 500 copies/ml, respectively. The
positive control displayed a CV above 35% in 12.4% of runs.
Accordingly, it varied more than the clinical specimens with
>500 RNA copies/ml (P < 0.001). A total of 415 runs were
performed, and 13 (3.1%) were rejected. The kit negative
control yielded a quantifiable result in 6 (1.4%) runs, and the
positive control was outside the prescribed range in 7 (1.7%)
runs.

To evaluate the in-house reproducibility of the bDNA assay,
a second aliquot of a previously tested specimen showing a CV
below 35% was included in subsequent assay runs. Each spec-
imen was retested on a separate run, on a different lot, and in
different positions of the microwell plate. Overall, 325 speci-
mens were retested: 255 had initial RNA levels above 500
copies/ml, and 70 had levels below this value. The former were
selected as to cover the dynamic range of the standard curve
and, upon repeat testing, 243 of 255 yielded results above 500
RNA copies/ml. Figure 1 illustrates the difference obtained
between duplicate tests. Variance analysis indicates that this
difference increased as the viral load decreased (P < 0.005).
For clinical and comparative reasons, the data was stratified
according to RNA levels (Table 1). The mean difference be-
tween duplicate tests was within 0.3 log,, (twofold). Nonethe-
less, several specimens displayed a difference of >0.3 log,,
indicating that results can occasionally vary by more than two-
fold. The 12 specimens which initially showed >500 RNA
copies/ml but whose RNA levels became undetectable upon
repeat testing were excluded from this analysis as they would
have minimized the actual variation. Only one showed an ini-
tial viral load above 1,000 RNA copies/ml. Finally, upon repeat
testing of the 70 specimens displaying <500 RNA copies/ml
and a CV below 35%, 8 (11.4%) showed viral loads above this
value. Of these 8 specimens, 4 displayed RNA values between
500 and 999 copies/ml and 4 showed values between 1,000 and
1,999 copies/ml. This observation is consistent with variation
being greater towards the lower limit of the assay.

The results obtained upon repeat testing of specimens that
showed more than 500 RNA copies/ml and a CV above 35%
were compared to their initial values. Table 2 shows the data
for the 141 of 203 specimens that maintained RNA levels
above 500 copies/ml after retesting. Specimens displaying a CV
between 35 and 50%, of which 40% had RNA levels below
5,000 copies/ml, showed a mean difference of 0.13 log,, with a
standard deviation (SD) of 0.11 (Table 2). This value is similar
to that observed for specimens showing a CV below 35%
(Table 1). An increase in the proportion of specimens display-
ing more than a 0.3-log,, difference upon repeat testing was
observed for those showing a CV above 50%. Of the 62
(30.5%) specimens whose RNA levels became undetectable
upon repeat testing, 53 (85.5%), 7 (11.3%), and 2 (3.2%)
displayed initial values between 500 and 1,499, 1,500 and 2,499,
and 2,500 and 3,499 RNA copies/ml, respectively.

Table 3 shows the results obtained upon repeat testing of
280 specimens displaying initial RNA levels below 500 cop-
ies/ml and a CV of >35% when the RLU of one of the
readings was above the RLU of one of the D standards. The
frequency of specimens yielding >500 RNA copies/ml was
lower than that observed for specimens with a CV below
35% (6.1 versus 11.4%). A possible explanation is that a CV
above 35% is likely to be observed more frequently for
specimens with extremely low HIV RNA levels than for
specimens with RNA levels just below the 500-copies/ml
assay detection limit. Upon repeat testing, the latter speci-
mens are more likely than the former to yield results above
500 copies/ml due to assay characteristics.

In the bDNA version 2.0 assay, specimens are tested in
duplicate. As a consequence, the divergence (%CV) between
the two readings could be used to determine when a test should
be repeated. However, no information is provided in the man-
ufacturer’s instructions as to what degree of discordance be-
tween duplicate readings is acceptable. The data in Table 2
support retesting of specimens displaying >500 RNA cop-
ies/ml only when the CV is above 50%. However, the data
excludes specimens whose RNA levels became undetectable
after repeat testing, most of which (60 of 62) displayed initial
RNA levels between 500 and 2,499 copies/ml. Of specimens
displaying initial RNA levels between 500 and 2,499 copies/ml
and a CV between 35 and 50%, 34.7% showed levels that
became undetectable after repeat testing. Therefore, we rec-
ommend retesting of specimens with RNA levels between 500

TABLE 2. Comparison of initial and repeat tests for specimens displaying initial values of >500 RNA copies/ml and a CV of >35%

No. (%) showing a difference of:

% No. of Log,, difference
©oCV . .
specimens (mean * SD) <03 log,, =0.3-0.5 log,, =0.5 log,,
35-49 93 0.13 = 0.11 87 (93.5) 5(5.4) 1(1.1)
50-69 37 0.22 =0.13 26 (70.3) 11 (29.7) 0
70-99 8 0.25 = 0.15 5(62.5) 3(37.5) 0
100-125 3 1.03 = 0.29 0 0 3 (100)
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TABLE 3. Analysis of specimens displaying initial values of <500 RNA copies/ml

No. (%) of samples according to RNA level (copies/ml) after repeat testing

RLU values of initial test CV <35% CV >35%
<500 >500 Total <500 >500 Total

Both above one D Std* RLU 5(45.5) 6 (54.5)" 11 (15.7) 17 (60.7) 11 (39.3)" 28 (10)
Only one above one D Std RLU 246 (97.6) 6(2.4) 252 (90)
One or both below one D Std RLU 57 (96.6) 2(3.4) 59 (84.3)

Total 62 (88.6) 8(11.4) 70 (100) 263 (93.9) 17 (6.1) 280 (100)

@ Std, standard.

® The proportion of specimens showing >500 RNA copies/ml between RLU groupings was significantly different (P < 0.001).
and 2,500 copies/ml when the CV is above 35% and retesting REFERENCES

of specimens with >2,500 copies/ml when the CV is >50%.
Table 3 shows the results obtained upon retesting of specimens
whose levels were initially below the detection limit according
to initial RLU values. For these specimens the %CV is not
useful in determining if a specimen should be retested. The
data indicates that specimens had a tendency to yield >500
RNA copies/ml upon repeat testing only when both of their
RLU values were above at least one of the D standard RLU
(P < 0.001), irrespective of whether the CV was above or
below 35%.

The HIV RNA level is an indicator of disease progression
and is monitored for the management of infected patients. The
variability and performance of the viral load assays can have an
impact on therapeutic decisions. Thus, it is important that
clinicians be informed on the reproducibility and performance
of the viral load assays. In this study, the reproducibility of the
bDNA version 2.0 assay was evaluated at a single site by re-
testing specimens on different assay runs and lots and in the
majority of cases by different operators. This represents the
variability likely to be encountered in the day-to-day practice,
as most patients are likely to be monitored by the same clini-
cian and to have their viral loads determined in the same
laboratory. It remains to be determined if testing at different
sites would further affect the quality of results (10). The data
presented in this report should guide clinicians on the use of
viral load measures obtained by the bDNA version 2.0 assay in
patient management.

In conclusion, the bDNA version 2.0 assay was found to be
a reproducible and efficient test for routine quantification of
HIV-1 RNA in plasma. It is noteworthy that 41.6% of speci-
mens tested in this study showed RNA levels below 500 copies/
ml. An assay with a lower detection limit would thus provide
more informative data for these specimens.
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