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Abstract

Background: The performance of recently approved point-of-care (POC) HIV tests should be
assessed using unprocessed specimens.

Objective: To evaluate the sensitivity and specificity of four POC HIV tests using whole blood
(WB) and two using oral fluid (OF) among persons recruited from health clinics in Seattle,
Washington, during September 2015-September 2017.

Study design: Participants were tested with the POC tests, additional plasma and serum were
collected for laboratory testing, and participant- reported use of antiretroviral therapy (ART) or
pre-exposure prophylaxis (PrEP) was recorded. Participants testing negative on all tests could
reenroll every 90 days. Specimens from persons previously diagnosed with HIV infection as
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well as from those who were newly diagnosed during the study were included in the sensitivity
estimate. Sensitivity and specificity were calculated based on HIV status determined by laboratory
testing.

Results: Of 1,256 visits, 179 were from persons with HIV infection; 120 of these were taking
ART. Among 1,077 visits from participants not diagnosed with HIV, PrEP use was reported at 155
(14.4%) visits. Sensitivity was similar among POC WB tests (95.53%—-97.21%; p>0.05). Among
participants on ART, sensitivity was lower for the same test performed on OF compared to WB

(p < 0.003). Specificity was high for all tests (99.44%-100.00%); we did not detect specificity
differences with PrEP use.

Conclusions: These POC tests displayed relatively high sensitivity and specificity using
unprocessed specimens, suggesting their effectiveness in identifying HIV infections whenever
laboratory-based testing is not feasible. Nonetheless, clients with recent risk should retest to rule
out the possibility of a false-negative result.

Keywords
HIV; Point-of-care; Performance; Rapid test; Unprocessed specimens

1. Background

An estimated 14.2 % of people living with HIV in the U.S. are undiagnosed and
consequently not receiving appropriate care and treatment [1]. Accurately diagnosing HIV
infections in a variety of settings requires considering both logistical feasibility and test
performance. Guidance from the Centers for Disease Control and Prevention (CDC) [2]
emphasizes the importance of using point-of-care (POC) HIV tests when more sensitive
laboratory-based testing is not feasible. POC tests are useful in identifying HIV infections in
high-risk, hard-to-reach populations as they are acceptable, easy to use, and provide results
expediently [3,4].

Since 2012, the U.S. Food and Drug Administration (FDA) has approved several POC tests
aiming to identify HIV infections earlier (Table 1). Their performance has been evaluated
using plasma, serum, and in some cases simulated whole blood [5-9] or unprocessed

oral fluid (OF) or whole blood (WB) [10,11]. However, these newer tests have not all

been evaluated in real-world settings, including among persons receiving HIV pre-exposure
prophylaxis (PrEP).

2. Objective

To evaluate the sensitivity and specificity of four POC HIV tests using unprocessed OF and
WB specimens.

3. Study design

A detailed description of Project DETECT, including POC and laboratory testing protocols,
is available elsewhere [12]. Briefly, during 9/2015-9/2017, persons at risk for HIV infection
and presenting for testing at the Public Health - Seattle & King County STD clinic; persons
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recently diagnosed with HIV, including with acute HIV infection (AHI, as defined below);
and persons in HIV care at referral sites were invited to participate. Participants with
negative study HIV test results were allowed to reenroll every three months. At their study
visit, receipt of antiretroviral therapy (ART) or PrEP was documented. We analyzed data
from participants who were tested with four POC tests using unprocessed fresh WB and
two POC tests using unprocessed fresh OF (Table 1) and who also had serum and plasma
specimens processed for laboratory testing.

Sensitivity and specificity of the POC tests with exact 95 % confidence intervals

were calculated based on the participant’s HIV status at the time of their visit. The
algorithm used to determine HIV status for this analysis (Fig. 1) was based on the CDC-
recommended laboratory-based HIV testing algorithm [13]. A reactive antigen/antibody test
(Ag/Ab), followed by a negative or indeterminate HIV-1/HIV-2 differentiation test (Geenius,
Geenius™ HIV 1/2 Supplemental Assay) result and a negative nucleic acid test (NAT) or

a non-reactive Ag/Ab, followed by a negative NAT, indicated that the participant did not
have HIV infection. Participants with reactive Ag/Ab and HIV-1 positive Geenius results
were considered to have HIV infection. Participants with reactive Ag/Ab result, negative or
indeterminate Geenius result, and positive NAT were considered to have AHI. Participants
with concordant negative POC tests, non-reactive or missing Ag/Ab results, and positive
individual or pooled NAT results were also considered to have AHI. Participants with HIV
infection but not AHI and with a negative HIV test documented through clinical records
obtained with a release of information within the prior 180 days were classified as having
early HIV infection (EHI) (Fig. 1). Other participants with HIV infection based on the
algorithm described above and who did not meet criteria for EHI were classified as having
established infection.

Analyses were performed using SAS 9.4 (SAS Institute, Cary, NC). The Agresti-Caffo test
compared performance of tests among different participant populations. McNemar’s test was
used to determine differences in performance of tests on the same participant.

4. Results

We recruited 1004 participants who contributed 1256 visits. Of these, 179 participants had
HIV infection, including six with AHI and 12 with EHI. Two-thirds (120/179) of them
reported being on ART; three participants with established infection were missing ART data.
Among 56 participants not taking ART, five (8.9 %) had AHI and eight (14.3 %) had EHI.
The proportion of persons taking ART was higher among those with established infection
(72.8 %; 115/158) compared to those with AHI (16.6 %; 1/6) and EHI (33.3 %; 4/12).

Sensitivity of WB POC tests ranged from 95.53 %—-97.21 % (Table 2) with no differences
across tests (p > 0.05 for all comparisons). Sensitivity point estimates were higher when
excluding specimens from participants with AHI. Only three participants with AHI were
correctly identified by any POC test: two by Determine and one by INSTI (Table 3). Among
participants on ART, the sensitivities of DPP and OraQuick were significantly lower when
performed on OF compared to WB (Table 4).
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Specificity was high for all tests (range = 99.44 %-100.00 %); however, Determine had

a significantly lower specificity than DPP OF, DPP WB, and OraQuick WB (p=0.031).
Among 1,077 visits from 826 participants without HIV infection, participants reported PrEP
use at 155 (14.4 %) visits; 50 visits were missing PrEP data (Table 5). PrEP use did not
seem to affect test specificity. There were nine false-positive results; no specimen tested
false positive on more than one test (Table 3).

5. Discussion

Project DETECT directly compared the performance of four POC HIV tests used with
unprocessed specimens. The high specificity (> 99 %), high sensitivity (> 95 %) with WB,
and > 89 % sensitivity with OF specimens, suggests that these POC tests can effectively
identify HIV infections when laboratory—based testing is not feasible. Their specificity is
similar to previous evaluations of POC tests on unprocessed specimens [10,11,14,15]. The
higher proportion of AHI in this study likely accounts for the lower estimates of sensitivity
reported here relative to previous reports [11,16,17].

This evaluation in a real-world setting provided important information about test
performance when using unprocessed specimens among persons with acute infection

and persons on PrEP. Testing programs might consider these reported performance
characteristics, along with operational considerations, when choosing a test. We could not
detect test specificity differences with PrEP. However, consistent with prior studies [14,18],
ART compromised the sensitivity of OF tests, reinforcing the idea that they should not be
used by persons on PrEP [19,20]. Despite the high specificity (> 99.44 %) of these POC
tests, when used among PrEP patients—where true HIV incidence is low and testing should
occur every 90 days— a low positive predictive value (PPV) and therefore a relatively high
number of false-positive results should still be expected [21,22]. The possibility of false-
positive results should prompt organizations to establish mechanisms for either additional
HIV testing onsite (using a different rapid HIV test) or follow-up laboratory testing to
confirm any positive result [23,24].

This study included a relatively high proportion of AHI (8.9 %) among participants with
untreated HIV infection compared to prior studies where the proportion of AHI was
around 5 % [14,25,26]. Only Determine and INSTI were able to detect any participants
with AHI. Programs diagnosing a high number of patients with AHI (e.g. high-incidence
populations with frequent testing) might experience lower sensitivity using POC tests than
those diagnosing mostly patients with established infection.

Organizations should also consider counseling patients reporting a recent possible exposure
about AHI and EHI and the need for retesting to minimize the effect of false-negative results

2.

Study limitations include the small sample size of participants with HIV infection that were
treatment-naive. However, some persons continue to test after starting treatment [27], so we
were able to assess the impact of treatment on test sensitivity.
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In conclusion, the relatively high specificity and sensitivity of these POC HIV tests should
be reassuring to organizations implementing rapid HIV testing. However, organizations
should acknowledge the limitations of these POC tests (e.g., lower sensitivity to identify
AHI, effect of ART and PrEP on OF tests, low PPV among PrEP populations) and should
have a plan to manage false results.
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Ag/Ab HIV screening laboratory test g
(GS HIV Combo Ag/Ab EIA, BioRad Laboratories)

Reactive [\: I Non-reactive

HIV-1/HIV-2 antibody differentiation test Pooled or Individual HIV-1 NAT ¢
(Geenius HIV 1/2 Supplemental Assay, BioRad Laboratories) (Abbott RealTime HIV-1, Abbot Laboratories)

HIV-1 Positive HIV-1 Negative or -_‘_-

Individual HIV-1 NAT

Early or Established Acute HIV infection _ Acute HIV infection
. . n=1077
HIV infection n=4 n=2
n=173

Fig. 1.

Alggorithm used to determine HIV infection status®?.

Abbreviations: Ag/Ab, antigen/antibody; Ab, antibody; NAT, nucleic acid test; Geenius,
Geenius™ HIV 1/2 Supplemental Assay.

Footnotes:

a There were several exceptions to this algorithm:

. One participant missing the laboratory screening test and with a negative pooled
NAT was classified as not having HIV infection.

. One participant missing the screening laboratory test and with a negative
Geenius result and a positive HIV-1 NAT result was classified as having acute
HIV infection.

. One participant missing the screening laboratory test and with a positive Geenius

result was classified as having established HIV infection.

. Three participants with non-reactive Ag/Ab results and with insufficient blood
for NAT were classified as not having HIV infection.

b For 15 participants recruited early in the study, the Ag/Ab test was not available and the
result of an Ab-only test (GS HIV-1/HIV-2 PLUS O EIA, BioRad Laboratories) performed
on serum was used as the first step of the algorithm.

¢ During this period, there were no HIV-2 positive results from the HIV-1/HIV-2 antibody
differentiation test.

d Individual NAT was performed when there was a record of a previous HIV-positive result
or when one of the point-of-care tests conducted during the visit had a positive result or
when the Ag/Ab screening test had a reactive result. Pooled NAT was conducted when all
point-of-care tests resulted negative during the visit. Pooled NAT was originally performed
on 27-member pools and after 10/12/2015 on 10-member pools.
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