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Abstract
Rapid HIV tests are a crucial component of HIV diagnosis in resource limited settings. In Uganda,
the Ministry of Health allows for both serial and parallel HIV rapid testing using Determine, Stat-
Pak and Uni-Gold. In serial testing, a non-reactive result on Determine ends testing. The
performance of serial and parallel algorithms with Determine and Stat-Pak test kits was assessed.
A cross-sectional diagnostic test accuracy evaluation using three rapid HIV test kits as per the
recommended parallel test algorithm was followed by EIA-WB testing with estimates of the
performance of serial testing algorithm. In 2520 participants tested by parallel rapid algorithms,
0.6% had weakly reactive result. Parallel testing had 99.7% sensitivity and 99.8% specificity. If
Stat-Pak was used as the first screening test for a serial algorithm, the sensitivity was 99.6% and
specificity 99.7%. However, if Determine was used as the screening test, sensitivity was 97.3%
and specificity 99.9%. Serial testing with Stat-Pak as the initial screening test performed as well as
parallel testing, but Determine was a less sensitive screen. Serial testing could be cost saving.

1. Introduction
Most HIV infection occurs in low resource settings particularly Sub- Saharan
Africa(UNAIDS, 2010). HIV counseling and testing (HCT) is crucial for HIV prevention
and access to care (Bunnell et al., 2008), and it is estimated that less than 40% of HIV-
infected people in Sub-Saharan Africa are aware of their status (Anand et al., 2009; WHO,
2010). In Uganda, the 2011 AIDS Indicator Survey estimated HIV prevalence in Rakai at
10.6% among persons aged 15–49 years of age. (UAIS –MoH, 2011). Rapid HIV diagnostic
tests as compared to standard ELISA/WB testing are simpler to perform, do not require
laboratory facilities, are cost-effective, have a longer shelf life, and allow point of care
provision of HCT with increased client linkage to care (Cabie et al., 2011; Delaney et al.,
2011; Kannangai et al., 2000; Tung et al; 2010). Challenges to rapid test use include test
sensitivity and the subjective interpretation of weak reactive results in field settings (Gray et
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al., 2007; Kagulire et al., 2011; Wolpaw et al., 2010). The World Health Organization
(WHO) recommends that ideally rapid tests should have at least 99% sensitivity and 95%
specificity. In Uganda, the Ministry of Health (MOH) recommends both serial and parallel
algorithms for rapid HIV testing. In serial testing, Determine is recommended as a screen
and testing is discontinued with a non-reactive result. A reactive result is subjected to Stat-
Pak and results are issued if concordant. If Determine and Stat-Pak are discordant, Uni-Gold
is used as a tie breaker test. In parallel testing, both Determine and Stat-Pak are run
concurrently as a screen and concordant results issued, whereas discordant results proceed to
Uni-Gold. The performance of the recommended MOH serial and parallel rapid testing
algorithms was evaluated against standard EIA/WB.

2. Materials and methods
The Rakai Health Sciences Program in rural south western Uganda has conducted
reproductive health research for over 20 years (Wawer et al., 1999). A cross-sectional
evaluation of Rapid HIV Diagnostic test accuracy was conducted in adults aged 15–49, who
provided written informed consent for HIV testing from November, 2011 to February, 2012.
Participants provided whole blood obtained by finger prick for the rapid HIV tests which
were done in the field. Venous blood was also collected in clot activator tubes for laboratory
based serum enzymeimmuno assay and Western blot (EIA-WB) testing.

The three rapid tests used for field-based testing were Determine™ HIV-1 /2 (Alere Medical
Company Limited, Chiba, Japan), HIV 1 /2 Stat-PakR Dipstick (Chembio Diagnostic
Systems, Medford, NY - USA) and Uni-Gold™ HIV (Trinity Biotech, Bray, Ireland). The
test procedures followed manufacturer directions. All samples were subjected to parallel
testing with Determine and Stat-Pak, and concordant results issued to participants with post-
test counseling. Discordant results were tested with Uni-Gold as the tie breaker. Serum
testing used two enzyme linked immunosorbent assays (Murex HIV-1, 2.O, Murex Biotech
Limited, Dartford, UK, if reactive followed by Vironistika HIV Uni-Form II plus O
Mircoelisa System, BioMerieux: Marcy I’Etoile, France) and discordant EIA results were
confirmed by Western Blot (GS HIV-1 Western Blot, Bio-Rad Laboratories, Redmond, WA,
USA. All testing was done by qualified and experienced laboratory technicians.

The sensitivity, specificity, false positive and false negative rates, negative and positive
predictive values of the two rapid algorithms were compared against EIA-WB testing as the
gold standard. Although all rapid tests were run in parallel, the performance of serial testing
was inferred by assessing the Determine or Stat-Pak as the initial screening test. Proportions
with exact binomial 95% confidence intervals and a two-sample test for proportions were
used to compare differences between algorithms. Weakly reactive bands on rapid tests
which were less intense than the positive control band on each test strip were assessed
separately.

The study was approved by the Uganda Virus Research Institute Science and Ethics
Committee, the Uganda National Council of Science and Technology and the Western
Institutional Review Board (WIRB), Olympia, WA.

3. Results
A total of 2624 participants were tested using rapid tests. Using Determine, 43 (1.6%) were
weakly reactive and 855 (32.6%) were reactive, while with Stat Pak, 61 (2.3%) were weakly
reactive and 901 (34.3%) were reactive. There were 101 (3.8%) samples with discordant
results on Determine and Stat-Pak kits. Of these, 94 were tested further using Uni-Gold kit.
2617 samples had complete rapid test results, of which 2520 were tested using EIA WB. The
population was comprised of 1281 (50.8%) males and 1239 (49.2%) females. The age
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distribution was 15–19 (10.5%), 20–29 (41.7%), 30–39 (37.4%) and 40+ (10.4%), and 24%
were employed in fishing, which is a high risk occupation.

3.1 Sensitivity and Specificity of rapid test parallel algorithm
There were 888 (35.2%) reactive samples using the EIA-WB reference gold standard and
34.8% samples tested were reactive using the parallel rapid test algorithm, with an additional
0.6% (14) weakly reactive samples. Excluding weakly reactive samples, 874 samples were
reactive on both the gold standard and parallel rapid test algorithm resulting in a sensitivity
of 99.7% (95%CI 99.0–99.9) and a specificity of 99.8% (95% CI 99.2–99.9). The positive
predictive value was 99.7%, with a false positive rate of 0.2% and false negative rate of
0.3% (Table 2).

When weak reactive samples were considered as reactive on the parallel rapid test
algorithm, the sensitivity remained unchanged but the positive predictive value was reduced
to 99.3% (95%CI 98.5–99.8%), the false positive rate increased to 0.4% and the false
negative rate remained 0.3%. Specificity also decreased from 99.8% to 99.6%.

The 14 weakly reactive samples were tested further by EIA and 11(78.6%) tested reactive,
while 3(21.4%) were non-reactive.

3.2 Sensitivity and Specificity of Determine for serial testing
As shown in Table 1, using Determine as a screening test, 834 (33.1 %) samples were
reactive and 36(1.4%) were weakly reactive. Excluding the weakly reactive samples, 832
were reactive on both the EIA-WB reference and rapid test with a sensitivity of 97.3%
(95%CI 96.0–98.3). The specificity was 99.9% (95%CI 99.6–99.99%). Positive predictive
value was 99.8%, with a false positive rate of 0.1% and false negative rate of 2.7% (Table
2). The negative predictive value of the Determine test as an initial serial screen was 98.6%.

When weak reactive samples s were considered as reactive, the sensitivity was 97.4 (95%CI
96.1–98.4) and the positive predictive value was 99.4%. The false positive rate increased to
0.3% with false negative rate of 2.6%. Specificity also declined from 99.9% to 99.7%. The
negative predictive value remained unchanged at 98.6%. Of the 36 weakly reactive
Determine test results, 91.7% (33) were reactive on EIA.

3.3 Sensitivity and Specificity of Stat-Pak rapid test for serial testing
Using Stat-Pak, 874 (34.7 %) samples were reactive and 2.4% (61) were weakly reactive.
Excluding weakly reactive results, 869 samples were reactive on both the EIA-WB reference
and Stat-Pak tests with a sensitivity of 99.6% (95%CI 99.0–99.9) and specificity of 99.7%
(95%CI 99.3–99.9%). The positive predictive value was 99.4% with both false positive and
false negative rates of 0.3%. The negative predictive value of the Stat-Pak test was 99.8%
(Table 2).

When weak reactive samples were considered as reactive, the sensitivity remained
unchanged but the positive predictive value was reduced to 94.6%. The false positive rate
increased to 3.1% with a false negative rate of 0.3%. Specificity also decreased from 99.7%
to 96.9% (p<0.0001). The negative predictive value remained unchanged at 99.8%. Of the
61 weakly reactive on Stat-Pak, 26.2% (16) were reactive on EIA and 73.8% (45) were non-
reactive.

The higher false negative rate with Determine as a screen (2.7%) was significantly higher
than with Stat-Pak as screen (0.3%) and the parallel algorithm ( p<0.0001).
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4. Discussion
If weakly reactive samples are excluded, these results suggest that parallel testing has a
sensitivity of 99.7% and specificity of 99.8%. Using Determine as a screen for serial testing
yielded a lower sensitivity of 97.3% and a comparable specificity of 99.9%, whereas with
Stat-Pak as the screening test for a serial algorithm, the sensitivity and specificity were both
99.7%. This suggests that if a serial testing algorithm is used, Stat-Pak is the preferable
screening test. Serial testing is cheaper and simpler than parallel testing and these results
suggest that Stat-Pak is provides the best initial screening test for serial testing. Thus, we
recommend revision of the current Ugandan MOH recommendation that Determine be used
as the initial screening test for a serial algorithm.

All three rapid test kits had weakly reactive results which cannot be interpreted; this
suggests that samples with weak positive bands should be subjected to further testing before
presenting results to clients. Weak positive bands were slightly more common with Stat-Pak
(2.4%) than Determine (1.4%). In summary, serial rapid testing using Stat-Pak as the initial
screening test performed as well as a parallel testing algorithm and could be used for routine
point-of-care testing and counseling.
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Table 1

Distribution of test results by Rapid Test Kits and the Parallel testing algorithm

Result Test Kit

Determine Stat-Pak UniGold Final Rapid Result (Parallel Testing)

Non reactive 1650 (65.5%) 1585 (62.9) 47 (47.5) 1629 (62.9)

Reactive 834 (33.1) 874 (34.7) 48 (48.5) 877 (34.8)

Weak reactive 36 (1.4) 61 (2.4) 4 (4.0) 14 (0.6)
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