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Evaluation of nine HIV rapid test kits to develop a
national HIV testing algorithm in Nigeria
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Background: Non-cold chain-dependent HIV rapid testing has been adopted in many
resource-constrained nations as a strategy for reaching out to populations. HIV rapid test kits
(RTKSs) have the advantage of ease of use, low operational cost and short turnaround times.
Before 2005, different RTKs had been used in Nigeria without formal evaluation. Between 2005
and 2007, a study was conducted to formally evaluate a number of RTKs and construct HIV
testing algorithms.

Objectives: The objectives of this study were to assess and select HIV RTKs and develop
national testing algorithms.

Method: Nine RTKs were evaluated using 528 well-characterised plasma samples. These
comprised 198 HIV-positive specimens (37.5%) and 330 HIV-negative specimens (62.5%),
collected nationally. Sensitivity and specificity were calculated with 95% confidence intervals
for all nine RTKSs singly and for serial and parallel combinations of six RTKs; and relative costs
were estimated.

Results: Six of the nine RTKs met the selection criteria, including minimum sensitivity and
specificity (both > 99.0%) requirements. There were no significant differences in sensitivities
or specificities of RTKs in the serial and parallel algorithms, but the cost of RTKs in parallel
algorithms was twice that in serial algorithms. Consequently, three serial algorithms,
comprising four test kits (Bundi™, Determine™, Stat-Pak® and Uni-Gold™) with 100.0%
sensitivity and 99.1% —100.0% specificity, were recommended and adopted as national interim
testing algorithms in 2007.

Conclusion: This evaluation provides the first evidence for reliable combinations of RTKSs for
HIV testing in Nigeria. However, these RTKSs need further evaluation in the field (Phase II) to
re-validate their performance.

Introduction

Nigeria is the tenth most populous country in the world and the most populous country in Africa,
with an estimated population of 162.3 million.! The first HIV case in Nigeria was reported in
1986.2 This stimulated interest in the screening of various populations in Nigeria for HIV.

The national HIV sero-prevalence sentinel survey amongst populations of pregnant women
attending antenatal clinics (ANC) commenced in Nigeria in 1991 and has since become a biennial
activity. The trend of HIV infection amongst this ANC population since the commencement
showed a steady increase — 1.8% (1991), 3.8% (1993), 4.5% (1995, 1996), 5.4% (1999), to a high
of 5.8% in 2001 — before declining to 5.0% in 2003 and then stabilising subsequently at 4.4% in
2005, 4.6% in 2008 and 4.1% in 2010.> Nigeria has a generalised HIV epidemic — each of the 36
States and the Federal Capital Territory has over 1.0% HIV prevalence* — and an estimated 3.5
million people are infected with the virus in the country. There are about 0.4 million estimated
new infections per year, 1.5 million persons requiring antiretroviral therapy and an estimated 2.2
million total AIDS orphans currently living in the country.> In 2005, the Nigeria National Action
Committee on AIDS (NACA) strategic framework set out to provide antiretrovirals (ARVs) to
80.0% of adults and children with advanced HIV infection and to 80.0% of HIV-positive pregnant
women, all by 2010. The implications of these efforts entail screening several million people for
HIV infection. A 2005 survey of types of rapid test kits (RTKs) used in facilities participating in
ANC in two of the six geopolitical zones of Nigeria revealed 19 different brands ranging from cold
chain-dependent to non-cold chain-dependent (Adedeji AA, personal communication, March
2005). The lack of coordinated use of HIV RTKs also resulted in some discrepancies observed
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in results from the same sample within a health facility or
at different health facilities, thereby making it difficult to
provide centralised quality assurance or a post-marketing
validation programme in-country (Adedeji AA, personal
communication, March 2005). As a result of these problems,
the Nigerian government saw the need to adopt the use of
non-cold chain-dependent HIV RTKSs for HIV testing.

HIV rapid testing remains a key entry point to HIV
prevention, treatment, care and support in resource-limited
settings.” Its main advantages include the relative ease
of use, low cost and faster turn-around time over enzyme
immunoassays (EIAs) and Western blot (WB) assays. With
an HIV rapid testing strategy, increased awareness of HIV
status amongst many groups who would otherwise have
been unaware of their status has been achieved.**'° Providing
quality-assured and accurate rapid HIV serological testing is
critical in the early diagnosis and timely counselling of HIV-
infected people for referral to care and treatment as well as
prevention of mother-to-child transmission and monitoring
of HIV prevalence in the population.”’

HIV rapid testing also readily provides access to and
enhances HIV counselling and testing in hard-to-reach rural
populations,''? as well as in hard-to-reach, high-risk target
populations, such as men who have sex with men. High-risk
groups with acute HIV infection in Nigeria have previously
been characterised by use of a combination of rapid HIV
testing in mobile units and laboratory-based specimens
pooling for nucleic acid amplification testing.® To date,
several African countries have conducted evaluation studies
and implemented rapid HIV testing as a tool for fighting the
HIV epidemic. These studies have demonstrated that the use
of rapid testing can be an important part of the overall HIV
testing strategies in resource-limited settings, where cold
storage capacity, reliable power, efficient transportation and
sufficient numbers of skilled laboratorians may not be readily
available.!#131617181920 ° A number of sub-Saharan African
countries follow the World Health Organization (WHO) 2009
guidelines®* on the use of HIV antibody detection tests,
where the recommended test algorithm includes a sensitive
enzyme-linked immunosorbent assay (ELISA) as a screening
test, followed by a confirmatory test done on all positive
samples using WB.»*%2 Recent studies have shown that
diagnostic algorithms based on two or more serological tests
are dependable and significantly lower the rate of recurrence
of false positivity, thereby minimising misdiagnosis.?*%
Recently, the use of rapid testing combined with ELISA has
increased significantly in Africa and Asia and tends to replace
the use of WB assays.**##303132 Accurate HIV diagnosis in
resource-limited settings, as is the case in most regions of
Nigeria, can be affected by emergence of new HIV subtypes
and recombinant forms, hence the importance of occasionally
assessing and selecting the best-performing serological assays
before their wide-scale usage within the country .23

The goal of this evaluation was to assess and select non-
cold chain-dependent HIV RTKs for the development of
evidence based national testing algorithms based on key
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criteria such as performance, ease of use and cost, amongst
others. It also sought to develop a list of highly-sensitive
and specific HIV RTKs with documented good performance
to serve as alternative algorithms in times of stock-outs of
the RTKs included in the primary algorithms. The present
evaluation allowed the identification and recommendation
of three national interim algorithms for HIV rapid testing
in the country. To our knowledge, these recommendations
are still implemented by the Federal Ministry of Health
(FMOH) and a second, field evaluation, phase has been
conducted, although the results are not yet available. The
methodology applied by the present evaluation could be
used by other countries planning to develop HIV testing
algorithms.

Research method and design
Strategy, sampling and testing

In August 2005, a multi-agency working group was set up
by the government of Nigeria for the evaluation of HIV
RTKs. The working group included participants from the
FMOH and other organisations, specifically, the National
AIDS and STIs Control Program (NASCP), NACA, the
National Agency for Food, Drug Administration and Control
(NAFDAC), the National Institute for Pharmaceutical
Research and Development (NIPRD), the WHO, the
Centers for Disease Control and Prevention — Global AIDS
Program (CDC-GAP) and other partners implementing the
US President’s Emergency Plan for AIDS Relief (PEPFAR)
programme in Nigeria, who had international experience in
RTK evaluations.

Test kit selection and characteristics

The HIV RTKs used in this evaluation were chosen based
on the following WHO 2001 and 2009 recommended
criteria: (1) stability within the climate in the country and
not cold chain-dependent; (2) ability to test whole blood;
(3) easy to use and interpret; (4) low test price (< US$3.20);
(5) ability of manufacturers to produce and provide
adequate numbers of testing kits to meet the needs of
testing programmes in the country; (6) prior experience
and validation — documented performance in the country
and other African countries; (7) ability to detect HIV-1,
HIV-2 and HIV type O subtypes; (8) ability to detect both
IgG and IgM antibodies in order to reduce the window
period; (9) do not require additional equipment to run tests
or read results; (10) packaging of test kits not excessively
bulky; (11) long shelf life (at least one year) and robust;
and (12) test results provided in 30 minutes or less.?’* In
addition to the criteria above, test kits were selected based
on their sensitivity and specificity when used singly and in
combination using the minimum sensitivity and specificity
(both > 99.0%) criteria.'”?® The criteria were ranked in order
of importance and relevance to the Nigerian context. A total
of nine test kits were selected for the evaluation (Table 1).
All the tests studied in this evaluation are qualitative tests
for the detection of antibodies to HIV-1 and HIV-2 and use
immunochromatographic technology.
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Source and size of specimens

Specimens were collected from sites in five geopolitical zones
of Nigeria between 2005 and 2006. Ten health facilities were
originally planned to contribute specimens for this evaluation;
however, because of logistical challenges, specimens from
only five facilities were used for the study. These sites still
provide a good representation of the population. Patient
identification information was removed from all specimens
and only HIV sero-status was reported. All specimens
included in this study were unlinked and anonymised before
inclusion and no blood specimen was drawn solely for the
purpose of this validation.

The specimen panel used for this evaluation was prepared
from two sources. The first was existing sample archives
(leftover plasma or serum collected routinely for diagnostic
purposes) in HIV testing laboratories at federally
administrated teaching hospitals. The second was the
remaining samples from a joint CDC/University of Maryland
HIV sero-conversion project. The following specimen
acceptance or rejection criteria were put in place to ensure
that specimens of high quality were used in this evaluation:
(1) properly collected, no haemolysis; (2) properly processed,
no obvious signs of fungal or bacterial contamination/
growth; (3) properly stored, freshly collected, at 20 °C, not
stored for longer than two months at the collection sites;
(4) clear HIV EIA sero-status, positive or negative. HIV-
positive specimens had to contain high titres of HIV-specific
antibody and an EIA signal-to-cutoff ratio of 3.0 or higher.
HIV-negative specimens had to have EIA results comparable
to that of the kit negative control; and (5) adequate specimen
volume (at least 3.0 mL).

All specimens were treated and prepared based on the
CDC/WHO guidelines.”® Specimens were then given
new identification numbers, logged into a database and
divided into about three aliquots (volume permitting) to
avoid repeated freeze-thaw cycles that may affect antibody
titres. The aliquots were stored at -20 ‘C for a maximum
of two months until being characterised and used in the
evaluation. To avoid several freeze-thaw cycles, aliquots
were kept in a refrigerator whilst in use during the
validation period.

Approximately 200 HIV-positive and 200 HIV-negative
specimens are needed to provide 95% confidence intervals
of less than + 2.0% for both the estimated sensitivity and
specificity. Thus, to meet the minimum acceptable test
characteristics of the HIV rapid test as stated above, the final
panel sample contained 528 specimens, of which 198 (37.5%)
were HIV-1 positive and 330 (62.5%) were HIV negative.

Testing procedure

All specimens were assigned new identification numbers
between 1 and 528, then ordered by their reactivity (positive
or negative) and randomised to allow for blinded testing.
Ten skilled and experienced laboratorians working on the
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serology bench at the sites that contributed the specimens
for the evaluation were recruited and were then provided
with background information on the evaluation, refresher
training on Good Laboratory Practice and an orientation to
the data entry forms. Job aids were provided for each RTK
and each test was demonstrated. Under the supervision
of CDC and NASCP laboratory staff, the laboratorians
practised on control specimens prior to evaluating the
panel. Testing of each assay was implemented using the
specimens according to the manufacturer’s instructions
for each individual test kit. Laboratorians worked in pairs;
each pair evaluated approximately 100 specimens over
a half-day period per test product. Specimen sets were
rotated between the testers. Each test result was read
independently by two individuals. All the laboratorians
then completed a questionnaire concerning various aspects
of the RTK they had just evaluated (see Appendices). The
laboratorians appraised each RTK based on the following
criteria: ease of running and reading test results, including
ease of reading the reaction line; ease of interpreting the
test results; ease of learning the test procedure; overall ease
of running the assay; packaging size; and waste generation.
This was done in an effort to capture information, in
addition to accuracy, which is also critical in identifying
tests for an algorithm.

Reference testing/Gold standard

All specimens were fully characterised using standardised
reference testing (gold standard): two third-generation EIAs,
plus WB for all EIA-reactive specimens. All specimens with
discordant EIA and WB results were excluded from the
panel. Specimens with indeterminate WB results were also
excluded.

The two EIAs selected for this validation, namely,
Vironostika® HIV Uniform II Plus O (Biomerieux, France)
and Genscreen® 1/2 Version 2 (Bio-Rad, USA), were both
third-generation EIAs targeting both IgG and IgM of
HIV-1 and -2, plus type O antibodies using recombinant
antigens covering all group M, HIV-1 subtypes A-H. Both
assays have been widely used throughout Africa'>'81%*
and have consistently produced reliable data and detected
HIV-specific antibodies. An antibody-only test is the most
appropriate for comparison with HIV antibody-detecting
rapid tests. The WB kit selected was New LAV-BLOT I
(Bio-Rad). All reference testing was conducted as per the
manufacturer’s instructions.

Quality control reference laboratory testing

All laboratory work associated with this evaluation was
carried out at the Asokoro Training Laboratory, located at
the Asokoro General Hospital in Abuja. This work included
specimen characterisation, storage and the evaluation
exercise. This Institute of Human Virology, Nigeria (IHVN)-
supported site was selected for the following reasons: current
status as a national HIV laboratory training facility; central
location within Federal Capital Territory; constant electrical
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power; ongoing external quality assurance/laboratory
monitoring programme; appropriate infrastructure for
reference testing (EIA equipment); and adequate specimen
storage space.

Data collection, management and analysis

All test results were collected on paper forms and entered
into a spreadsheet database (Microsoft® Excel™) for analysis.
Access to the project databases was limited to only key
project staff through password-protected computers and
all paper forms were kept in locked filing cabinets. During
the data analysis, the sensitivity and specificity of each RTK
were calculated by comparing the RTK results with reference
results derived from EIA /WB testing.

Cost estimations

The Supply Chain Management System (SCMS) was
established in Nigeria in 2007 following the WHO HIV Test
Kit Bulk Procurement Scheme established in 1989, which
is aimed at facilitating access to high-quality test kits at a
low cost through an easy purchasing procedure. The SCMS
coordinates pooled procurement systems for HIV ARVs and
RTKs and provided pricing information for the analysis as
negotiated with the manufacturers and/or companies or
their agents.”%

Each of the RTKs under consideration was evaluated in
both parallel and serial testing algorithms and anticipated
costs for each algorithm were determined in US dollars
based on the negotiated SCMS price. For the parallel testing
algorithms, the price of each screening RTK was added to
that of the confirmatory (i.e., second) RTK. The cost of the tie-
breaker RTK was not included, since the frequency of use of
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TABLE 2: Sensitivity and specificity calculations for the nine selected rapid test kits.

a tie breaker is low (at most, 1.8% of the time). For the serial
algorithms, the full price of the screening RTK was added to
the price of the confirmatory RTK at 10.0% HIV prevalence
(since the second test would only be used to confirm positive
test results), plus the price of the tie breaker when needed at
an HIV prevalence of 10.0%.

Ethical considerations

The protocol for this evaluation was developed following
the WHO’s Regional Office for Africa (WHO AFRO)
guidelines®' and received ethical approval from the NIPRD,
Nigeria and Institutional Review Board (IRB) as well as the
CDC IRB (approval dated 03.21.2006).

Results

Sensitivity and specificity of the evaluated
individual test kits

The sensitivity and specificity results were calculated for
each individual test (Table 2). All nine tests performed
well in this evaluation, as indicated by high sensitivity and
specificity values. The sensitivity value for seven of the
nine tests was 100.0%, indicating that none of these tests
produced false-negative results. Two tests, First Response®
and InstantChek™, had lower sensitivities (98.9% and 96.9%,
respectively). Specificity varied slightly between the tests,
ranging from 96.0% to 100.0%; OraQuick® and Stat-Pak®
were each 100.0% specific.

Kits dropped from consideration

Figure 1 shows the kit selection process and results. After
the initial performance of each individual kit was tested,
three of the nine kits (InstantChek™, First Response® and

Test Kit Name Results Gold standard Total Sensitivity (95% Confidence Specificity (95%
True Positive True Negative Interval)* Confidence Interval)*

Bundi™ Positive 198 1 199 100.0% (98.1% — 100.0%) 99.7% (98.3% — 99.9%)
Negative 0 329 329

Determine™ Positive 198 7 205 100.0% (98.1% — 100.0%) 97.8% (95.7% — 99.1%)
Negative 0 323 323

Double-Check Gold™ Positive 198 7 205 100.0% (98.1% — 100.0%) 97.8% (95.7% — 99.1%)
Negative 0 323 323

First Response” Positive 196 5 201 98.9% (94.4% — 99.8%) 98.4% (96.5% — 99.5%)
Negative 2 325 327

InstantChek™ Positive 192 13 205 98.9% (96.3% — 99.8%) 96.1% (93.5% — 97.9%)
Negative 6 317 323

OraQuick® Positive 198 0 198 100.0% (98.1% — 100.0%)  100.0% (98.8% — 100.0%)
Negative 0 330 330

Stat-Pak” Positive 198 0 198 100.0% (98.1% —100.0%)  100.0% (98.8% — 100.0%)
Negative 0 330 330

Sure-Check” Positive 198 1 199 100.0% (98.1% — 100.0%) 99.7% (98.3% — 99.9%)
Negative 0 329 329

Uni-Gold™ Positive 198 1 199 100.0% (98.1% — 100.0%) 99.7% (98.3% — 99.9%)
Negative 0 329 329

Total by Gold Standard 198 330

Method?®

RTK, rapid test kit; T, Number of true positives by RTK + total true positives by the gold standard method x 100; , Number of true negatives by RTK + total true negative by the gold standard method
x 100; §, Gold standard refers to two third-generation enzyme immunoassays (EIAs), plus Western blot for all EIA-reactive specimens.

http://www.ajimonline.org . doi:10.4102/ajlm.v4i1.224
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Nine (9) commercially available kits selected using WHO criteria:

Bundi™, Determine™, Double-Check Gold™, First Response®,
InstantChek™, OraQuick®, Stat-Pak®, Sure-Check® and Uni-Gold™ Step 1

Subjected to individual sensitivity and specificity test performance and
questionnaire responses considered

i

Six (6) kits retained:

Bundi™, Determine™, Double-Check Gold™, Stat-Pak®, Sure-Check® Step 2
and Uni-Gold™

Subjected to serial and parallel testing algorithms

U

Serial and parallel testing algorithms were assessed for performance
(sensitivity and specificity), cost and country context Step 3
(local manufacturer)

U

Three (3) serial testing algorithms consisting of four kits (Bundi™
Determine™, Stat-Pak®, and Uni-Gold™) were selected and
recommended as the interim National HIV testing algorithm (Table 3).
Bundi™ was later dropped (2008) based on poor field performance

Step 4

WHO, World Health Organization.

FIGURE 1: Process for selecting HIV rapid test kits for development of interim
national HIV testing algorithms. Commercial kits available in Nigeria were
selected for evaluation singly based on WHO guidelines (Step 1). Of the nine
kits, six were retained for inclusion in the algorithm testing exercise and three
were dropped (Step 2). Serial and parallel testing algorithms were assessed for
performance (sensitivity and specificity), cost and the country context (Step 3).
Serial algorithms using four kits were selected and recommended as interim
national guidelines in 2007 (Step 4).

OraQuick®) were removed from further consideration. Both
InstantChek™ and First Response® ere excluded because
of their performance (sensitivity and specificity) and the
complexity of the result interpretation. OraQuick® was
dropped because of its cost and short shelf-life.

Figure 2 presents a summary of findings from the
questionnaire on RTK characteristics administered to the
laboratorians who performed the testing.

Accuracy of testing algorithms

In diagnostic settings, RTKs are wused in testing
algorithms, not as individual tests. One major advantage
of evaluating RTKs using a single, well-characterised
specimen panel is that sensitivity and specificity can be
calculated for all possible combinations of tests. This was
completed for both parallel and serial algorithms (Box 1,
Appendix 3 and 4).

All possible parallel algorithms had a sensitivity of 100.0%,
which indicates that none of the specimens in this panel
had a false-negative result with more than one test product
(Appendix 3). Specificity was also high, ranging from 99.1%
to 100.0%. This represents from zero to three false-positive
results for each algorithm. Over one-third (n = 24/60) of the
possible test combinations had the highest possible (100.0%)
sensitivity and specificity.
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For all 120 possible serial algorithms, sensitivity was 100.0%
(Appendix 4). Specificity ranged from 99.1% to 100.0%.
Over half (n = 67) of the proposed algorithms had 100.0%
sensitivity and specificity. This included five of the eight
algorithms utilising the two RTKs currently in wide use in
Nigeria (Determine™ and Stat-Pak®).

The number of specimens (out of 528) requiring a tie-
breaker test because of discordant results between the first
two tests is also reported for serial and parallel algorithms
(Appendix 3 and 4). Eight of 30 serial algorithms (two test
combinations) did not require the use of a tie-breaker test.
Other combinations, for both algorithm types, ranged from
one to 10, representing at most 2.0% of specimens.

Cost estimates for the algorithms

The cost for the serial testing algorithms was found to range
from US$0.70 to US$1.90, whilst parallel algorithms ranged
from US$1.40 to US$3.30 (Table 3, Appendix 3 and 4). In
general, the cost for the serial testing algorithms was about
half the cost of the parallel testing algorithms, since the latter
require two tests to be run on all clients, even the 90.0% of
clients who are HIV negative.

Proposed test algorithms

Determine™ and Stat-Pak®, both of which have been
evaluated and used widely internationally, have also been
used widely in the Nigerian HIV programme since the
2001 and 2006 ANC surveys, respectively. Tremendous
investment has been made in training large numbers of
laboratory staff, including the adaptation of the training
package for both test kits for use in Nigeria. Determine™ has
also been used widely throughout Africa. In this evaluation,
both tests had high sensitivity and specificity individually
and in the serial algorithms. Determine™, with its high
sensitivity (100.0%), is strongest as a screening test and was
recommended as the first test in any proposed algorithm.
Determine™ was not recommended as a confirmatory test
because of its lower specificity (97.8%). Use as a tie-breaker
was only recommended in the event that Stat-Pak® is not
available.

Uni-Gold™ has also been used widely internationally and
performed well in this evaluation. In light of the fact that
larger numbers of tests will soon be available in Nigeria
to support HIV diagnostic testing programmes, it was
also included in the interim national HIV rapid testing
algorithm. Based on its performance and the need for
ongoing quality assurance, adequacy of supply of kits and
the development of a track record, it was recommended that
Bundi™ be included as a tie-breaker test. This would allow
for continued monitoring of this new product. Based on the
above findings, the construction of the three interim serial
testing algorithms was based on four of the six rapid HIV
test kits, namely Determine™, Stat-Pak®, Uni-Gold™ and
Bundi™ (Table 3).
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DC, Double-Check Gold™; DT, Determine™; BU, Bundi™; FR, First Response®; IC, InstantChek™; OQ, OraQuick®; SP, Stat-Pak®; UG, Uni-Gold™; SC, SureCheck®.

FIGURE 2: Results from questionnaires administered to laboratorians conducting the evaluation. Respondents were asked to rate all nine kits based on the following
criteria: ease of reading the reaction line (panel a); ease of interpreting the test results (panel b); ease of learning how to perform the test (panel c); and overall ease of
using and running the kit (panel d). Scores ranged from very easy (1) to very difficult (5) for this set of four questions; panels a—d represent average scores. Respondents
were also asked about the size of the packaging (panel e), with scores ranging from 1 (very bulky) to 5 (very compact); and about quantity of waste generated (panel f),
with scores ranging from 1 (a lot of waste) to 5 (minimal waste). Panels e-f represent average scores.

Discussion

The expansion of HIV prevention and care services in
resource-constrained settings comes with great challenges
regarding how to maintain quality-assured and accurate HIV
testing as the number of HIV testing facilities increases.” In
addition, there are challenges associated with the quest for
alternative, less expensive and efficient rapid HIV testing
strategies, devoid of the supplemental confirmatory testing
using the expensive WB assay and capable of retaining a high
level of sensitivity in the face of the divergent HIV-1 subtypes
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dominating most sub-Saharan African countries.!#151617.523
This is even further complicated by the move to decentralise
HIV testing by involving fewer skilled and experienced
laboratory /non-laboratory personnel.'”*

This study evaluated nine HIV RTKs using double EIAs as
the reference test and WB as a supplemental confirmatory
test for EIA-concordant reactive specimens. This serves
as a gold-standard testing method for this evaluation
and is comparable to the methods adopted in similar
studies.??2¥4 All of these studies were in line with the
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BOX 1: Cost (US $), sensitivity and specificity of parallel and serial testing algorithmsf.
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Test Kit Combinations Parallel Testing Serial Testing
Screening { Confirmatory Tie breaker Sensitivity Specificity Cost ($)° Sensitivity Specificity Cost ($)*
Determine™ Stat-Pak” Bundi™ 100.0 99.7 2.20 100.0 99.7 0.99
Determine™ Uni-Gold™ Stat-Pak® 100.0 99.7 2.45 100.0 99.7 1.01
Determine™ SureCheck® Bundi™ 100.0 99.7 2.60 100.0 99.7 1.03
Determine™ Uni-Gold™ Bundi™ 100.0 99.4 2.45 100.0 99.4 1.01
Bundi™ Determine™ Double-Check Gold 100.0 99.4 2.35 100.0 99.7 1.59
Bundi™ Double-Check Gold Determine™ 100.0 99.7 2.14 100.0 99.7 1.66
Bundi™ Stat-Pak® Determine™ 100.0 99.7 2.85 100.0 99.7 1.64
SureCheck® Uni-Gold™ Bundi™ 100.0 100.0 3.35 100.0 100.0 1.91
Double-Check Gold™  SureCheck® Bundi™ 100.0 99.7 2.20 100.0 99.7 0.80
Stat-Pak® SureCheck® Bundi™ 100.0 100.0 3.10 100.0 100.0 1.53

, The combinations represented here were selected based on the test kits chosen for the national testing algorithms for Nigeria; £, For the serial testing algorithms; §, The cost refers to the entire algorithm.

TABLE 3: National interim serial HIV rapid testing algorithm implemented in
2007.

Screening Test Confirmation of Positives Tie-breaker
Determine™ Stat-Pak” Bundi™:
Uni-Gold™ Stat-Pak” Bundi™@
Determine™ Uni-Gold™ Stat-Pak”

Because of performance issues with the Bundi™ rapid testing kit, these two algorithms were
discontinued in 2008.

CDC/WHO AFRO guidelines' for HIV testing technologies
in Africa.

Of thenine RTKs selected for the evaluation, three (OraQuick®,
InstantChek™ and First Response®) were dropped because
of short shelf-life, poor performance, cost or complexity
following the WHO phase 1 HIV RTK evaluation criteria. The
remaining six RTKs (Bundi™, Determine™, Double-Check
Gold™, Stat-Pak®, SureCheck® and Uni-Gold™) were then
subjected to parallel and serial testing algorithms in several
possible combinations, resulting in combinations with high
levels of sensitivity and specificity, as well as a high accuracy
for diagnosing HIV infection.

Sixty possible parallel algorithms had costs < US$3.20, had
a sensitivity of 100.0% - indicating that no-false negative
results were obtained with the panel of specimens — and had
specificities ranging from 99.1% — 100.0%. This represents
zero to three false-positive results for each of the algorithms.
It was also observed that over one-third (n = 24/60) of the
possible test combinations had the highest possible (100.0%)
sensitivity and specificity. Of note, the remaining 60 possible
parallel combinations of the RTKs were not presented in this
report because of their higher cost (> $3.20).

Similarly, of the 120 possible serial algorithms, sensitivity
was 100%, whilst specificity ranged from 99.1% — 100.0%.
Additional analysis revealed that over half (n = 67/120) of
the possible serial algorithms had 100.0% sensitivity and
specificity, indicating that none of the panel specimens
showed a false-negative or false-positive result with more
than one test product.

A comparative analysis of the performance characteristics
between the parallel and serial testing algorithms revealed
no differences in accuracy regarding individual performance
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in diagnosing HIV infection. Similar comparative analyses
of performance of combinations of ELISAs and RTKs in
parallel or serial testing algorithms have shown that these
combinations can also produce accurate results for HIV
infections diagnosis."”?

However, a comparative cost analysis between the two
testing strategies showed a substantial difference, as the
cost of carrying out a parallel testing algorithm is twice as
expensive as the cost of a serial testing algorithm. These
findings are comparable to those previously reported.*!”

Besides sensitivity, specificity and the cost of the testing
algorithms, other important factors were also considered
before making a choice of assay for the national testing
algorithm. Over the years, the FMOH, through its HIV/AIDS
Division in its efforts to implement national programmes
has also significantly invested in terms of training the
laboratorians and non-laboratorians involved in HIV testing
using the Stat-Pak® and Determine™ HIV RTKs. This shows
that both test kits are both commercially- and readily available
and had wide-scale use in Nigeria. Furthermore, based
on laboratorians’ evaluation and rating of the nine rapid
test kits using questionnaires and the test selection criteria
recommended by the WHO, Determine™ was identified as
the most compact test kit, allowing for less expensive transport
and generating the least waste, thereby alleviating concerns
about biohazard waste disposal at testing sites, whilst Stat-
Pak® ranked high in terms of readability of the reaction line
and result interpretation. Cost-wise, a serial testing algorithm
comprising Determine™ and Stat-Pak® was found to be
inexpensive, as it costs less than one US dollar. The cost of
the serial testing algorithm is vital, considering the expected
testing targets and the large size of the voluntary counselling
and testing programme in Nigeria. Also rated highly was Uni-
Gold™, which is known to be used widely internationally.
Bundi™, on the other hand, was included in the serial
algorithm as a tie-breaker, because it is assembled locally and
readily available, in addition to its high performance in the
evaluation. The ease and convenience of performing the assay
were also considered as in previous, similar studies.”

Based on the above findings and criteria, Nigeria adopted
the serial HIV testing algorithm as an interim national
testing algorithm (Table 3). Similar considerations and
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decision strategies were also adopted in a comparable study
conducted in 11 African countries."”

The six non-cold chain-dependent test kits (Bundi™,
Determine™, Double-Check Gold™, Stat-Pak®, SureCheck®
and Uni-Gold™) performed well in this laboratory-based
evaluation, both as individual tests and in serial testing
algorithms. Data from this initial evaluation suggest that
any combination of these six RTKs would perform well in a
three-test, serial algorithm and that the tests with the highest
sensitivity, such as Determine™ and Uni-Gold™, should
be used as the screening test, whereas those with highest
specificity, such as Stat-Pak®, should be used for confirmation.

Limitations of the study

The present evaluation is not without limitations. First of all,
this evaluation was limited to stored frozen plasma specimens
and oral fluid was not collected for evaluation. As a result,
the comparative advantage of using test kits with oral fluid
or fresh specimens could not be evaluated. Another limitation
was the variability in performance of some of the test kits in
the hands of different testing personnel; this phenomenon
has also been observed previously.*’>'®” In addition, the
sensitivity of these test kits/testing algorithms is not well
established and may differ based on HIV-1 subtypes, given
the great genetic diversity of HIV-1 in Africa.” As a result, the
WHO developed guidelines to help country-based evaluation
and implementation of rapid HIV testing."” Considering these
limitations, a formal HIV testkit performance evaluation should
be an ongoing process that starts before testing implementation
and continues after testing processes have been implemented
in the field. As a result, since this evaluation provided data on
laboratory-based validation, the selected RTKs should be field
tested (Phase II) in varying combinations before a final national
testing algorithm is selected. Furthermore, it is critical to ensure
that the HIV test algorithms currently in place and future
ones be monitored continuously through a quality-assurance
programme (Phase III) developed within Nigeria. This quality-
assurance programme should have the capacity to rapidly
identify and correct testing problems related to the selected test
kits and use of those kits in algorithms. Finally, it is important
to note that, at the time of preparing the present manuscript,
field monitoring had revealed a performance issue with
Bundi™ and the kit was removed from the algorithm in 2008.
Only three kits thus remain in use (Determine™, Uni-Gold™
and Stat-Pak®). The second phase (field-based evaluation) was
conducted in 2012, however, the results are not yet available
(Adedeji AA, personal communication, June 2012).

Conclusion

Three HIV testing algorithms with high sensitivity, specificity
and accuracy to diagnose HIV infections were identified
and recommended for use as interim national algorithms.
These HIV testing algorithms provide a cheaper and more
efficient alternative to WB supplemental confirmatory
testing. The results of this analysis showed further that serial
testing algorithms are not only sensitive and specific, but also
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less expensive. Finally, the present evaluation provides the
first evidence-based and reliable combination of HIV test kits
in Nigeria. It is important that a field, ‘point-of-care testing’
evaluation is conducted and the findings used to inform
future decisions on what test kits to use in the country for
accurate HIV testing.

Trustworthiness

The current report reflects the findings observed by the
technical working group, those who performed the testing,
as well as the team that analysed the data.

Reliability

The results of the experiments presented in this report were
obtained using specimens collected in Nigeria and these
results have been confirmed using WHO-recommended gold
standard testing procedures for evaluating HIV rapid test
kits. However, the methods of the evaluation can be applied
in other countries.

Validity

The development and recommendation of an interim HIV
rapid testing algorithm in Nigeria demonstrated the study’s
success in achieving its goal. Not only were the test kits
evaluated based on gold standard methods and procedures,
but also the outcome of the study were scientific evidence-
based recommendations that allowed the government of
Nigeria to make informed decisions on what kits to use in
their HIV testing programmes.
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Appendix 1

Data Collection Sheet

(Nigeria HIV Rapid Test kits Evaluation)

Name of Rapid Test:

Date & time of testing:

(7 / )/ (-=--am[]pm[])
Kit Lot No.:
Kit Exp. Date:
Lab Scientist:
Positive and Negative Controls Worked:
Room temperature Reading:

Reporting codes

Please use the codes below for reporting test results.
P = Positive

N = Negative

| = Invalid

Ins. = Insufficient
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Specimen Test Specimen Test Specimen Test Specimen Test
ID# Result ID# Result ID# Result ID# Result
Comments:
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Appendix 2

Testers’ ratings of rapid test kits (RTKs) during
laboratory evaluation

Instructions:

The purpose of this questionnaire is to find out how ygy_rate
the RTKs currently under lab evaluation. You will be given this
questionnaire after you have evaluated each rapid test. You do not

need to put your name on the form. Please be open and honest.

Along with other information, your feedback on this questionnaire
will help form decisions on which RTKs will be recommended for

use in Nigeria. Please take 5-10 minutes to complete this form.

After completing the form, please give it to one of the lab

supervisors.

1. What test kit did you just run?

Please rate each of the RTKs on the following criteria by circling

the most appropriate response using this scoring system:

1 | 2 | 3 | 4 | 5

Very easy Easy Neither Difficult

Very Difficult

2. Collecting and delivering the correct volume of plasma/sera

onto the device:

I S T R

3. Adding diluent/wash/chase buffer correctly onto the device:

L+ [ 2 | s ] & ] s

4. Reading the test result within the correct time period:

L+ [ 2 | s | & ] 5

5. Reading the test result (was it easy or difficult to read the lines,

was the line dark enough):

1 | 2 | 3 | 4 | 5

6. Interpreting the test (deciding whether the test is positive/

negative based on lines or clumping):

1 | 2 | 3 | 4 | 5

7. Learning how to perform the test (was it easy for you to learn
how to perform this test, would it be easy to train other show to

perform this test):

1 | 2 | 3 | 4 | 5
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8.

9.

10.

11.

12.

13.

14.
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Overall ease of use:

| 1 2 3 4 | 5 |

Design of the test device for writing patient ID number (was it easy
for you to write the ID number, was adequate space provided)?

ES R I T

How often did you obtain an invalid test result(test control line
not present or no results were generated): Please state number
of invalid test results you got during the testing period. If none,
please write O.

| had invalid tests out of a total of specimens.

Did you find any defective test devices or accessory supplies?
Report how many or the total number of specimens tested

| found defective tests while testing specimens.

Were there any problems with any of the RTKs during the
study period (in particular around ease of learning how to
use the test, how to perform the test and how to interpret
the test)?

Would you recommend the use of this test kit, if NOT, give all
your reasons?

Please list all of the reason(s) that apply.

What is your opinion of the test kit packaging? Rate each
aspect by circling one answer:

What did you think of the size of the test kit box/package?

| 1 | 2 3 4 | 5

Very Bulky Bulky Moderate Compact Very Compact

How roughed is the packaging?

1 2 3 4 5

Very Flimsy Flimsy OK Robust Very Robust

How much waste was generated in running your set of specimens?

1 2 3

Very Much Waste Much Waste Minimal Waste



http://www.ajlmonline.org

Appendix 3

TABLE 1-A3: Parallel algorithms.
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Two tests run simultaneously Tie breaker test Sensitivity Specificity Number of times Tie Breaker Cost (USS)
required

Bundi Double Check Gold Determine 100.00 99.40 6 2.10
Stat-Pak 100.00 99.70
SureCheck 100.00 99.70
Uni-Gold 100.00 99.70

Bundi Stat-Pak Determine 100.00 99.70 1 2.80
Double-Check Gold 100.00 99.70
SureCheck 100.00 100.00
Uni-Gold 100.00 100.00

Bundi SureCheck Determine 100.00 99.70 2 3.20
Double-Check Gold 100.00 99.70
Stat-Pak 100.00 100.00
Uni-Gold 100.00 100.00

Bundi Uni-Gold Determine 100.00 99.40 2 3.10
Double-Check Gold 100.00 99.70
Stat-Pak 100.00 100.00
SureCheck 100.00 100.00

Bundi Determine Double-Check Gold 100.00 99.40 6 2.30
Stat-Pak 100.00 99.70
SureCheck 100.00 99.70
Uni-Gold 100.00 99.40

Determine Double Check Gold Bundi 100.00 99.40 10 1.40
Stat-Pak 100.00 99.40
SureCheck 100.00 99.40
Uni-Gold 100.00 99.10

Determine Stat-Pak} Bundi 100.00 99.70 7 2.20
SureCheck 100.00 100.00
Uni-Gold 100.00 99.70
Double-Check Gold 100.00 99.40

Determine SureCheck Bundi 100.00 99.70 8 2.60
Double-Check Gold 100.00 99.40
Stat-Pak 100.00 100.00
Uni-Gold 100.00 99.70

Determine Uni-Gold Bundi 100.00 99.40 6 2.40
Double-Check Gold 100.00 99.10
Stat-Pak 100.00 99.70
SureCheck 100.00 99.70

Double-Check Gold Stat-Pak Bundi 100.00 99.70 7 1.90
Determine 100.00 99.40
SureCheck 100.00 100.00
Uni-Gold 100.00 100.00

Double-Check Gold SureCheck Bundi 100.00 99.70 8 2.30
Determine 100.00 99.40
Stat-Pak 100.00 100.00
Uni-Gold 100.00 100.00

Double-Check Gold Uni-Gold Bundi 100.00 99.70 8 2.20
Determine 100.00 99.10
Stat-Pak 100.00 100.00
SureCheck 100.00 100.00

Stat-Pak SureCheck Bundi 100.00 100.00 1 3.10
Determine 100.00 100.00
Double-Check Gold 100.00 100.00
Uni-Gold 100.00 100.00

Stat-Pak Uni-Gold Bundi 100.00 100.00 1 2.90
Determine 100.00 99.70
Double-Check Gold 100.00 100.00
SureCheck 100.00 100.00

Parallel algorithms: ¥, Assuming the tie breaker test is required about 1.0% of the time; {, These are the first two tests used in the current test algorithm in Nigeria.
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Table 1-A3 continues on the next page -
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TABLE 1-A3 (Continues...): Parallel algorithms.
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Two tests run simultaneously Tie breaker test Sensitivity Specificity Number of times Tie Breaker Cost (USS)T
required
SureCheck Uni-Gold Bundi 100.00 100.00 2 3.30
Determine 100.00 99.70
Double-Check Gold 100.00 100.00
Stat-Pak 100.00 100.00

Parallel algorithms: ¥, Assuming the tie breaker test is required about 1.0% of the time; I, These are the first two tests used in the current test algorithm in Nigeria.
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Appendix 4

TABLE 1-A4: Serial Algorithms.

First test Second test Tie breaker Test Sensitivity Specificity Number of Times Tie  Cost (US$)*
Breaker required

Determine Bundi Double-Check Gold 100.00 99.40 6 1.00
Stat-Pak 100.00 99.70
SureCheck 100.00 99.70
Uni-Gold 100.00 99.40

Bundi Determine Double-Check Gold 100.00 99.70 0 1.50
Stat-Pak 100.00 99.70
SureCheck 100.00 99.70
Uni-Gold 100.00 99.70

Determine Double-Check Gold Bundi 100.00 99.40 5q 0.90
Stat-Pak 100.00 99.40
SureCheck 100.00 99.40
Uni-Gold 100.00 99.10

Double-Check Gold Determine Bundi 100.00 99.40 5 0.70
Stat-Pak 100.00 99.40
SureCheck 100.00 99.40
Uni-Gold 100.00 99.40

Determine Stat-Pak Bundi 100.00 99.70 7 0.90
Double-Check Gold 100.00 99.40
SureCheck 100.00 100.00
Uni-Gold 100.00 99.70

Stat-Pak Determine Bundi 100.00 100.00 0 1.40
Double-Check Gold 100.00 100.00
SureCheck 100.00 100.00
Uni-Gold 100.00 100.00

Determine SureCheck Bundi 100.00 99.70 7 1.00
Double-Check Gold 100.00 99.40
Stat-Pak 100.00 100.00
Uni-Gold 100.00 99.70

SureCheck Determine Bundi 100.00 100.00 1 1.80
Double-Check Gold 100.00 100.00
Stat-Pak 100.0 100.00
Uni-Gold 100.0 100.00

Determine Uni-Gold Bundi 100.0 99.40 6 1.00
Double-Check Gold 100.0 99.10
Stat-Pak 100.0 99.70
SureCheck 100.0 99.70

Uni-Gold Determine Bundi 100.0 99.70 0 1.60
Double-Check Gold 100.0 99.70
Stat-Pak 100.0 99.70
SureCheck 100.0 99.70

Bundi Double-Check Gold Determine 100.0 99.70 0 1.60
Stat-Pak 100.0 99.70
SureCheck 100.0 99.70
Uni-Gold 100.0 99.70

Double-Check Gold Bundi Determine 100.0 99.40 6 0.70
Stat-Pak 100.0 99.70
SureCheck 100.0 99.70
Uni-Gold 100.0 99.70

Bundi Stat-Pak Determine 100.0 99.70 1 1.60
Double-Check Gold 100.0 99.70
SureCheck 100.00 100.00
Uni-Gold 100.00 100.00

Stat-Pak Bundi Determine 100.00 100.00 0 1.50
Double-Check Gold 100.00 100.00
SureCheck 100.00 100.00
Uni-Gold 100.00 100.00

Serial Algorithms: *, Assuming a prevalence of 10.0% attesting sites.

TABLE 1-A4 continues on next page >
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TABLE 1-A4 (Continues...): Serial Algorithms.
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First test Second test Tie breaker Test Sensitivity Specificity Number of Times Tie  Cost (US$)*
Breaker required

Bundi SureCheck Determine 100.00 99.70 1 1.60
Double-Check Gold 100.00 99.70
Stat-Pak 100.00 100.00
Uni-Gold 100.00 100.00

SureCheck Bundi Determine 100.00 100.00 1 1.90
Double-Check Gold 100.00 100.00
Stat-Pak 100.00 100.00
Uni-Gold 100.00 100.00

Bundi Uni-Gold Determine 100.00 99.70 1 1.60
Double-Check Gold 100.00 99.70
Stat-Pak 100.00 100.00
SureCheck 100.00 100.00

Uni-Gold Bundi Determine 100.00 99.70 1 1.70
Double-Check Gold 100.00 100.00
Stat-Pak 100.00 100.00
SureCheck 100.00 100.00

Double-Check Gold Stat-Pak Determine 100.00 99.40 7 0.70
Bundi 100.00 99.70
SureCheck 100.00 100.00
Uni-Gold 100.00 100.00

Stat-Pak Double-Check Gold Determine 100.00 100.00 0 1.40
Bundi 100.00 100.00
SureCheck 100.00 100.00
Uni-Gold 100.00 100.00

Double-Check Gold SureCheck Determine 100.00 99.40 7 0.80
Bundi 100.00 99.70
Stat-Pak 100.00 100.00
Uni-Gold 100.00 100.00

SureCheck Double-Check Gold Determine 100.00 100.00 1 1.80
Bundi 100.00 100.00
Stat-Pak 100.00 100.00
Uni-Gold 100.00 100.00

Double-Check Gold Uni-Gold Determine 100.00 99.40 7 0.80
Bundi 100.00 99.70
Stat-Pak 100.00 100.00
SureCheck 100.00 100.00

Uni-Gold Double-Check Gold Determine 100.00 99.70 1 1.60
Bundi 100.00 100.00
Stat-Pak 100.00 100.00
SureCheck 100.00 100.00

Stat-Pak SureCheck Determine 100.00 100.00 0 1.50
Bundi 100.00 100.00
Double-Check Gold 100.00 100.00
Uni-Gold 100.00 100.00

SureCheck Stat-Pak Determine 100.00 100.00 1 1.80
Bundi 100.00 100.00
Double-Check Gold 100.00 100.00
Uni-Gold 100.00 100.00

Stat-Pak Uni-Gold Determine 100.00 100.00 0 1.50
Bundi 100.00 100.00
Double-Check Gold 100.00 100.00
SureCheck 100.00 100.00

Uni-Gold Stat-Pak Determine 100.00 99.70 1 1.70
Bundi 100.00 100.00
Double-Check Gold 100.00 100.00
SureCheck 100.00 100.00

SureCheck Uni-Gold Determine 100.00 100.00 1 1.90
Bundi 100.00 100.00
Double-Check Gold 100.00 100.00
Stat-Pak 100.00 100.00

Serial Algorithms: *, Assuming a prevalence of 10.0% attesting sites.
TABLE 1-A4 continues on next page >
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TABLE 1-A4 (Continues...): Serial Algorithms.
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First test Second test Tie breaker Test Sensitivity Specificity Number of Times Tie  Cost (USS$)*
Breaker required
Uni-Gold SureCheck Determine 100.00 100.00 1 1.70
Bundi 100.00 100.00
Double-Check Gold 100.00 100.00
Stat-Pak 100.00 100.00

Serial Algorithms: *, Assuming a prevalence of 10.0% attesting sites.
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