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Rapid human immunodeficiency virus (HIV) antibody tests support the effort to expand access to HIV testing and
counseling services in remote, rural, and poor parts of the world. We validated the Capillus HIV-1/HIV-2 (Trinity
Biotech PLC, Bray, County Wicklow, Ireland) and Determine HIV-1/2 (Abbott Laboratories, Abbott Park, IL) rapid
tests in a reference laboratory using patient samples from Tanzania and evaluated the performance of the tests
under field conditions in northern Tanzania. We used the resulting data to study sequential and parallel testing
algorithms. In the validation study, sensitivity, specificity, the predictive value of a positive test (PV*), and the
predictive value of a negative test (PV™) were all 100% for Capillus and Determine. In the field evaluation among
12,737 clients, sensitivity, specificity, PV*, and PV~ were 99.7%, 99.8%, 98.7%, and 99.9%, respectively, for Capillus
and 99.6%, 99.9%, 99.5%, and 99.9%, respectively, for Determine. A sequential testing algorithm that did not confirm
a negative initial Capillus result with a Determine result cost $7.77 per HIV diagnosis but missed 0.3% of HIV
infections. A sequential testing algorithm that did not confirm a negative initial Determine result with a Capillus
result cost $7.64 per HIV diagnosis but missed 0.4% of HIV infections. A parallel testing algorithm cost $13.46 per

HIV diagnosis but detected more HIV-infected clients.

Human immunodeficiency virus (HIV) voluntary counseling
and testing (VCT) is an important tool for both HIV preven-
tion and care in sub-Saharan Africa. VCT use has been asso-
ciated with a reduction in high-risk sexual behavior and of risk
for HIV transmission (6, 30). VCT also provides the means
for persons to learn their HIV status in order to access
treatment and care services (5, 9). However, these benefits
hinge on the accurate diagnosis of HIV infection. False-
negative results lead to delayed entry into care or failure to
enter care, while false-positive results place economic, so-
cial, and emotional burdens on patients. As efforts to ex-
pand HIV testing services to reach the entire populations of
countries with generalized HIV epidemics gain momentum
(5), so the number of tests conducted increases. Increasing
the amount of HIV testing will mean that even small short-
comings in the sensitivity and specificity of assays or testing
algorithms may lead to false-positive or false-negative re-
sults for large numbers of people.

The development and deployment of rapid HIV antibody
tests have allowed the expansion of access to HIV testing and
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counseling services in remote, rural, and poor areas where
more complex and expensive means of diagnosing HIV infec-
tion are difficult to implement (7). The use of rapid HIV
antibody tests has been endorsed by the World Health Orga-
nization, and they have been adopted into national guidelines
for HIV VCT in many countries in sub-Saharan Africa (1, 18).
Capillus HIV-1/HIV-2 (Trinity Biotech PLC, Bray, County
Wicklow, Ireland), Determine HIV-1/2 (Abbott Laboratories,
Abbott Park, IL), and other rapid HIV antibody tests have
been evaluated in several studies and have been found to have
sensitivities and specificities exceeding 99.5% (8, 12, 14, 16, 19,
20, 22, 27, 28, 31, 32). These rapid HIV antibody tests may be
implemented in several types of diagnostic algorithms employ-
ing one or more rapid tests used in sequence or in parallel (1).
Understanding the performance of rapid HIV antibody tests in
different testing algorithms is critical to inform local and na-
tional HIV testing policies. In Tanzania, as in many other
resource-poor settings, national VCT guidelines recommend a
sequential testing approach in which a single rapid test, if
negative, is not confirmed with a second test but is reported as
a negative result. If the first test is positive, it is confirmed with
a second, different rapid test, with discordant results resolved
with an enzyme-linked immunosorbent assay (ELISA) (1, 18).
Since negative results for the first rapid test are not confirmed,
the sequential approach has the potential to miss some cases of
HIV infection.
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FIG. 1. Validation study algorithm and results.

We validated the Capillus and Determine rapid HIV anti-
body tests and evaluated their performance under field condi-
tions in northern Tanzania in a large cohort over a 5-year time
period. We assessed the performance of a sequential testing
approach and compared the diagnostic accuracy of the sequen-
tial algorithm to an alternative parallel testing algorithm in
which all samples were tested with two rapid tests. We further
considered the incremental cost of implementing the parallel
algorithm and the cost per case of HIV infection identified for
each algorithm.

MATERIALS AND METHODS

Validation study. Blood samples for the validation study were collected from
medical inpatients at Kilimanjaro Christian Medical Centre (KCMC) and clients
of Kikundi cha Wanawake Kilimanjaro Kupambana na UKIMWI (KIWA
KKUKI; Women Against AIDS in Kilimanjaro). The medical inpatients were
unselected and had symptoms expected among patients admitted to the hospital.
Whole blood was tested using both the Capillus HIV-1/HIV-2 (Trinity Biotech
PLC, Bray, County Wicklow, Ireland) and Determine HIV-1/2 (Abbott Labora-
tories, Abbott Park, IL) rapid HIV antibody tests. If both rapid tests were
negative, the sample was tested with an ELISA (Vironostika Uni-Form II plus O
Ab; bioMérieux, Durham, NC). If the ELISA was negative, no further testing
was done. If the ELISA was positive, a Western blot (Genetic Systems HIV-1
Western blot kit; Bio-Rad, Hercules, CA) was planned to be done (Fig. 1). If
both rapid tests were positive or were discordant, the sample was tested with an
ELISA and a Western blot. Sample collection was planned to continue until a
minimum of 100 HIV-infected and 100 HIV-uninfected subjects was reached.
Laboratory technologists were blinded to the results of other HIV antibody tests
performed on the same sample.

Field evaluation. KIWAKKUKI began offering HIV VCT services on 13
March 2003 at its AIDS Information Centre in downtown Moshi. The charac-
teristics of KIWAKKUKI VCT clients have been described in detail elsewhere
(3, 24). All counseling procedures were performed in accordance with guidelines
provided by the Tanzanian Ministry of Health’s National AIDS Control Pro-
gramme (18). A 2-ml blood sample was drawn from each patient and tested using
both the Capillus and Determine rapid HIV antibody tests. Concordant results
were reported, whereas for discordant results, sequential testing on the sample
was performed at the KCMC clinical laboratory using an ELISA (Vironostika
HIV Uni-Form II plus O Ab; bioMérieux, Durham, NC). For quality-control
purposes, an ELISA was also performed on every 10th sample at the KCMC
laboratory regardless of the Capillus and Determine results.

Sequential and parallel testing algorithms. In the field evaluation, we imple-
mented a strategy of parallel rapid testing, in which all samples were tested in
parallel using both the Capillus and Determine assays; concordant rapid test

results were accepted, while discordant results were resolved with ELISA (see
Fig. 3). We compared the parallel testing strategy with the performance that
would have been observed with four alternative testing strategies for deter-
mining HIV infection status: strategy 1, testing with Capillus alone with no
second test; strategy 2, testing with Determine alone with no second test;
strategy 3, initial testing with Capillus with positive results confirmed by
Determine and no additional testing for negative results (Fig. 2a); and strat-
egy 4, initial testing with Determine with positive results confirmed by Ca-
pillus and no additional testing for negative results (Fig. 2b). Strategy 3
reflected the Tanzanian national testing guideline at the time. We calculated
the sensitivity, specificity, positive predictive value (PV "), and negative pre-
dictive value (PV ™), along with the exact 95% confidence interval, of each
alternative testing strategy relative to the parallel testing strategy in deter-
mining the HIV infection status. To examine the clinical relevance of discor-
dant rapid HIV antibody test results, we reviewed the results of subsequent
rapid HIV antibody tests among the group of patients with initial discordant
results who returned subsequently for repeat testing.

Cost-effectiveness analyses. We calculated the cost-effectiveness of the parallel
testing strategy and each of the four alternative strategies. Cost-effectiveness was
defined as the cost per case of HIV infection correctly identified. For inputs, we
assumed a cost of $1.00 per Capillus assay, $1.00 per Determine assay, and $17.00
per ELISA, including labor (approximate prices in Tanzania at the time of
writing).

Statistical analyses. Study data were entered into an Excel database (Mi-
crosoft Corporation, Seattle, WA) and analyzed using SAS version 9.1 (SAS
Institute, Inc., Cary, NC). Sensitivity and specificity were calculated in the vali-
dation study using an ELISA (for concordant results) and Western blotting (for
discordant results) as the gold standard. Sensitivity and specificity were calcu-
lated in the field evaluation using two rapid tests (for concordant results) and an
ELISA (for discordant results) as the gold standard. Confidence intervals were
calculated using exact methods.

Research ethics. The validation study was part of a protocol approved by the
KCMC Research Ethics Committee, the Tanzania National Institutes for Med-
ical Research National Research Ethics Coordinating Committee, and an insti-
tutional review board (IRB) of Duke University Medical Center. The field
evaluation used on-shelf data obtained from KIWAKKUKI records. All links to
personal identifiers were removed and held by a privacy officer not involved in
the study. A Duke University Health System IRB exempted this part of the study
from IRB review.

RESULTS

Validation study. In order to meet the enrollment targets for
HIV-infected and HIV-uninfected subjects, samples were col-
lected from 206 subjects of whom 105 (51%) were ultimately
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FIG. 2. (a) Algorithm and results using a Capillus screening rapid
HIV antibody test followed by Determine sequential testing of positive
samples. (b) Algorithm and results using a Determine screening rapid
HIV antibody test followed by Capillus sequential testing of positive
samples.

shown to be HIV infected and 101 (49%) were ultimately
shown to be HIV uninfected. For all patients, there was 100%
concordance between the Capillus, Determine, ELISA, and
Western blot results (Fig. 1). The sensitivity, specificity, PV™,
and PV~ were 100% for Capillus and Determine, both when
used individually and in combination.
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Field evaluation. Between 13 March 2003 and 14 December
2007, a total of 12,737 clients received VCT at KIWAKKUKI
and had the results of both the Capillus and Determine rapid
tests available. Of these, 1,938 (15.2%) had concordant posi-
tive HIV rapid tests and 10,736 (84.3%) had concordant neg-
ative HIV rapid tests. Of the 63 (0.5%) clients with discordant
rapid HIV test results, 43 (68.3%) clients had a positive Ca-
pillus result and a negative Determine result and 20 (31.7%)
clients had a negative Capillus result and a positive Determine
result. The results of the ELISA testing of samples with dis-
cordant rapid HIV antibody tests are shown in Fig. 2a and b.
Based on these findings, for Capillus, sensitivity in the field
evaluation was 99.7% (exact 95% confidence interval, 99.3 to
99.9%), specificity 99.8% (99.7 to 99.8%), PV" 98.7% (98.1 to
99.2%), and PV~ 99.9% (99.9 to 100.0%). For Determine,
sensitivity in the field evaluation was 99.6% (99.2 to 99.8%),
specificity 99.9% (99.8 to 100.0%), PV" 99.5% (99.1 to
99.8%), and PV~ 99.9% (99.1 to 100.0%) (Table 1). Of the 63
clients with discordant rapid HIV antibody test results, 5
(7.9%) returned subsequently for repeat testing and had re-
sults available. Of these 5, 4 (80.0%) tested concordant nega-
tive on the repeat test, and one had persistently discordant
results. ELISA testing of every 10th sample identified 10 in-
stances of concordant rapid test results with a discordant
ELISA. These results were resolved with repeat testing in
accordance with national guidelines.

Sequential versus parallel testing algorithms. The parallel
testing algorithm with ELISA resolution of discordant results
(Fig. 3) identified 1,952 cases of HIV infection among the
12,737 clients in the cohort. The same data set and assay results
were used to study each algorithm. In a sequential testing
algorithm with an initial Capillus test where negative Capillus
results were not confirmed and only positive Capillus results
were confirmed by Determine (Fig. 2a), 1,946 cases would have
been identified. This algorithm would have failed to identify six
(0.3%) HIV-infected clients (Table 2). An alternative sequen-
tial algorithm that relied on an initial Determine test that was
not confirmed if negative and was confirmed by Capillus (Fig.
2b) if positive would have identified 1,944 cases and would
have missed 8 (0.4%) HIV-infected clients (Table 2).

Cost-effectiveness of sequential versus parallel testing algo-
rithms. The cost-effectiveness of sequential versus parallel
testing algorithms is shown in Table 3. The cost per case
identified using the Capillus or Determine tests alone are each
$6.54. The cost per case identified in a sequential testing algo-
rithm using an initial Capillus test or an initial Determine test
are $7.77 and $7.64, respectively. A parallel testing algorithm
costs $13.46 per case identified.

DISCUSSION

We demonstrate that the Capillus and Determine rapid HIV
antibody tests are accurate diagnostic tests both when vali-
dated in a central laboratory against ELISA and Western blot-
ting and when implemented under field conditions in a large
cohort, although sensitivity, specificity, PV", and PV~ were
less than 100% under field conditions. Furthermore, we show
that a commonly used sequential testing algorithm, for which a
negative initial rapid test result is not confirmed with a second
rapid test, identifies 0.3 to 0.4% fewer HIV infections than a
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TABLE 1. Sensitivity and specificity of Capillus and Determine rapid HIV tests
HIV infected HIV uninfected

Second .
Test(s Result . Second rapid Total

© Second ELISA rapid test Second ELISA test and/or

rapid test and/or rapid test ELISA“
ELISA“

Capillus Positive 1,938 114 1,946 25 25 25 1,971
Negative 6 6 6 10,736 461 10,746 10,752
Total 1,952 10,771 12,723
Determine Positive 1,938 112 1,944 10 10 10 1,954
Negative 8 8 8 10,736 476 10,761 10,769
Total 1,952 10,771 12,723

“ Fourteen ELISA results were not available.

testing algorithm that uses the two rapid tests in parallel on all
samples.

Although the sensitivity, specificity, PV*, and PV~ for Ca-
pillus and Determine were slightly lower under field conditions
than in the validation study, the performance of the two tests
did not differ substantially and was consistent with that re-
ported by other investigators (8, 12, 14, 16, 19, 20, 22, 27, 28,
31, 32). There are several possible explanations for sensitivity
and specificity levels below 100% for Capillus and Determine.
First, it is known that standard antibody-based HIV diagnostic
tests are not 100% sensitive with patients with early or acute
HIV infection. When the performance of Capillus and Deter-
mine has been studied in acute HIV infection panels, the
Determine assay appears to be more sensitive than the Ca-
pillus assay (8, 15, 23). The HIV seroincidence in the
KIWAKKUKI VCT cohort has been estimated to be approx-
imately 2 per 100 person-years (26). Despite the likelihood that
some VCT clients included in this study were experiencing
acute HIV infection at the time of HIV testing, among clients
with discordant HIV rapid test results the combination of

positive Determine and negative Capillus results was not more
common than positive Capillus and negative Determine re-
sults. Furthermore, in the small group of clients who had ini-
tially discordant rapid HIV antibody test results and returned
for repeat testing, none moved from having discordant to con-
cordant positive results. Thus, it is unlikely that acute HIV
infection played a major role in the performance of the rapid
HIV antibody tests in our study. HIV-1 subtype diversity in the
testing population has been shown to affect the performance of
antibody-based HIV diagnostic tests and has led to recommen-
dations that rapid HIV antibody tests be evaluated in the local
population prior to widespread implementation (19, 25). In
Tanzania, where HIV-1 subtypes A, C, and D and their re-
combinants predominate (2, 10, 11, 21, 27, 29), it is possible
that subtype diversity plays a role in the performance of rapid
HIV antibody tests. Although we did not evaluate HIV sub-
types among HIV-infected clients, the accuracy of both the
Capillus and Determine tests in our study suggests that the role
of subtype diversity is likely to be minimal. Finally, sample
collection, labeling, transport, and testing conditions may play
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v ¥

'
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FIG. 3. Algorithm and results using Capillus and Determine rapid HIV antibody tests in parallel.
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TABLE 2. Performance of alternative rapid HIV antibody test algorithms in field investigation

HIV infected”

HIV uninfected

. . Sensitivity Specificity PV* PV~

Testing algorithm
Positive Negative Positive Negative (%) (%) (%) (%)
Capillus alone 1,946 6 25 10,746 99.7 99.8 98.7 99.9
Determine alone 1,944 8 10 10,761 99.6 99.9 99.5 99.9
Sequential (initial Capillus)® 1,946 6 0 10,771 99.7 100.0 100.0 99.9
Sequential (initial Determine)” 1,944 8 0 10,771 99.6 100.0 100.0 99.9

“Based on two rapid HIV antibody tests (if concordant) or ELISA (if two rapid HIV antibody tests are discordant).
® Predictive values are calculated for this study population with 15.1% HIV seroprevalence and would vary in populations with different prevalence.

¢ As shown in Fig. 2a.
4 As shown in Fig. 2b.

a role in the performance of any diagnostic test under field
conditions. Each of these steps may be challenged in resource-
constrained settings (13, 17).

Sequential HIV testing algorithms that do not confirm the
result of an initial negative rapid test with a second rapid test
are widely employed (1, 18). Because our field evaluation was
done in a setting where a parallel testing strategy with two
rapid tests was used, the availability of both rapid test results
and ELISA results for discordant samples allowed us to exam-
ine how such a sequential strategy would have performed in
the same population. We showed that a sequential testing
algorithm that did not confirm a negative Capillus result with
a Determine test would fail to detect 0.3% of HIV-infected
clients and that a sequential testing algorithm that did not
confirm a negative Determine result with a Capillus test would
fail to detect 0.4% of HIV-infected clients. Although such
sequential algorithms have been recommended and widely
adopted (1, 18, 31), our study suggests that this strategy will fail
to detect some HIV-infected clients. While the proportion of
missed infections is small, when applied to the large testing
populations that the serostatus approach to HIV prevention
and care demands, the numbers of missed HIV diagnoses can
become substantial (4). Indeed, in a hypothetical country with
a population of 30 million and an HIV seroprevalence of 7%
with universal HIV testing, our data suggest that a testing
strategy that does not confirm the negative result of the initial
rapid HIV antibody test would fail to detect 6,300 to 8,400
HIV-infected persons. Both assays yielded false-positive re-
sults, but because both sequential and parallel algorithms call
for the use of a second rapid HIV antibody test, neither strat-
egy offered an advantage over the other in identifying false-
positive results.

We determined that a parallel testing strategy would cost

TABLE 3. Comparison of the cost-effectiveness of alternative
algorithms for rapid HIV testing

. . No. of cases Total Cost per
Testing algorithm identified (%) cost ($) case ?ﬂi)
Capillus alone 1,946 (99.7) 12,723.00 6.54
Determine alone 1,944 (99.6) 12,723.00 6.54
Sequential (initial 1,946 (99.7) 15,119.00 7.77
Capillus)
Sequential (initial 1,944 (99.6) 14,847.00 7.64
Determine)
Parallel (double 1,952 (100.0) 26,279.00 13.46

rapid tests)

$13.46 per HIV-infected client identified, compared with $7.77
for a sequential testing strategy using an initial Capillus test
and $7.64 for a sequential testing strategy using an initial De-
termine test. Policy makers must decide if the additional cost
of $5.69 to $5.82 per HIV diagnosis for a parallel testing
strategy is offset by the prevention and treatment benefits to
those HIV-infected persons who would be missed by using a
sequential testing algorithm that did not confirm negative re-
sults of an initial rapid HIV antibody test.

We demonstrate that both the Capillus and Determine rapid
HIV antibody tests perform well in both the reference labora-
tory and under field conditions in Tanzania in a cohort of
>12,000 VCT clients. We suggest that testing algorithms that
do not confirm the negative result of an initial test with a
second rapid test miss a small proportion of HIV-infected
clients. While the proportion of missed HIV infections is small,
the absolute number of undetected HIV infections is substan-
tial when applied to a large or national VCT program. Policy
makers must decide whether the additional cost of adopting a
parallel rapid HIV antibody testing strategy is offset by the
prevention and treatment benefits to those additional HIV-
infected persons detected by this testing strategy.
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