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Abstract

Background and Objective—The Rapid Test Study was a real-time comparison of point-of-
care (POC) HIV tests to determine their abilities to detect early HIV infection.

Study Design—Men and transgender persons reporting sex with men in the prior year were
recruited at the Public Health — Seattle & King County STD Clinic, Gay City Health Project, and
University of Washington Primary Infection Clinic. Study tests included the OraQuick
ADVANCE Rapid HIV-1/2 Antibody Test performed on oral fluids and tests performed on
fingerstick whole blood specimens including OraQuick, Uni-Gold Recombigen HIV Test,
Determine HIV-1/2 Ag/Ab Combo, and INSTI HIV-1 Rapid Antibody Test. Specimens from
subjects with negative results were sent for EIA and nucleic acid amplification testing. McNemar's
exact tests compared the numbers of HIV-infected subjects detected.

Results—Between February 2010 and August 2014, there were 3438 study visits. Twenty-four
subjects had discordant POC results with at least one reactive and one non-reactive test, including
one subject with a reactive Determine p24 antigen. OraQuick performed on oral fluids identified
fewer persons compared to all fingerstick tests. OraQuick performed on fingerstick whole blood
detected fewer persons compared to the Determine Combo antibody component (p=.008) and
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Combo overall (p=.004), and there was a trend when compared to INSTI (p=.06). The Determine
Combo specificity was 98.99%.

Conclusions—As reported by others, Determine Combo underperforms compared to
laboratory-based testing, but it did detect one acute infection. If these results are validated, the
specificity of Determine Combo may limit its usefulness in populations with lower HIV incidence.

Keywords
HIV testing; rapid HIV test; oral fluids

Background

Early diagnosis of human immunodeficiency virus type 1 (HIV) infection is critical. Over
the last two decades, there has been increasing appreciation specifically for the need to
routinize use of HIV tests able to detect HIV infection during the antibody-negative
“window period” [1]. This emphasis is because of the contribution of acute HIV infection
(AHI) to onward transmission [2, 3] and because of the challenges in identifying
symptomatic AHI [4, 5]. Beginning in 2001, early adopters among public health
departments created pooled HIV nucleic acid amplification testing (NAAT) programs which
increased HIV case-finding by approximately 5-10% [6-9]}.

In 2010, the United States Food and Drug Administration (FDA) approved the first
laboratory-based 4t generation antigen-antibody chemiluminescent microparticle
immunoassay (CMIA) for the detection of HIV, including AHI. Two additional 4t
generation antigen-antibody assays received FDA approval in 2011 and 2015. These
combination assays can detect both anti-HIV-1/2 antibodies and HIV p24 antigen, which is
present in blood plasma within a week after HIV RNA can first be detected [1, 10]. Data
suggest that 809%—94% of cases of AHI identified by pooled NAAT programs would be
detected by laboratory-based 4™ generation testing at a fraction of the cost and time [11-13].
In August 2013, the FDA approved the first 4" generation point-of-care (POC) HIV test, the
Alere Determine HIV-1/2 Ag/Ab Combo (Determine Combo). Data from plasma
seroconversion panels suggested that the Determine Combo would detect the majority of
AHI cases [14-16]; however studies using fingerstick whole blood specimens in real-time
have identified few antigen-positive cases [17-19].

Objectives

In 2010, we began a prospective, cross-sectional study to compare the ability of different
POC and laboratory-based HIV tests, all performed on fresh specimens from the same
individuals, to detect acute and early infection in real-time [20, 21]. This report describes the
final findings from the project.

Study Design

Population

Men and transgender persons reporting sex with men in the prior year were recruited when
seeking HIV testing at the Public Health — Seattle & King County (PHSKC) Sexually
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Transmitted Disease (STD) Clinic or Gay City Health Project or when referred to the
University of Washington Primary Infection Clinic (PIC). At the STD Clinic, a full-time
research staff member tested men and transgender persons seeking HIV testing only and
those referred by clinicians. At Gay City, all counselors participated, and the study was
offered primarily to men considered to be at higher risk for HIV acquisition; this included
men with symptoms of acute infection, who reported sex with an HIV-infected partner, or
who had a condom break or had no recollection of events during or after a sexual exposure.
Subjects at the STD Clinic and Gay City could participate quarterly. Study enrollment was
offered to persons referred to the PIC [22] for suspected or confirmed diagnosis of AHI in
order to enrich the analysis with persons with early infection. Subjects at the PIC could
participate repeatedly until all POC tests were reactive. Subjects with false-positive test
results were excluded from subsequent study participation.

The University of Washington Institutional Review Board approved this study, and all
participants gave verbal consent. Participants received $20 in compensation for the single
visit.

Study testing included one POC test performed on oral fluids (OraQuick ADVANCE Rapid
HIV-1/2 Antibody Test, OraSure Technologies) and three POC tests each performed on
separate fingerstick whole blood specimens: OraQuick, Determine Combo (Alere Inc.), and
either the Uni-Gold Recombigen HIV Test (Uni-Gold, Trinity Biotech) or INSTI HIV-1
Rapid Antibody Test (INSTI, bioLytical) (Figure 1). The switch from Uni-Gold to INSTI
occurred in spring 2013 when INSTI became the standard-of-care POC test used at the two
clinical sites. Determine Combo was not FDA-approved at the start of the study; the
manufacturer provided devices for investigational use beginning ten months after the start of
enrollment with occasional interruptions in supply. During the course of this study the
manufacturer of Determine Combo changed their production procedures for tests distributed
in the United States.

At the STD Clinic and Gay City, participants with concordant negative POC results had
serum specimens sent to the PHSKC laboratory for a 3" generation enzyme immunoassay
(E1A) and pooled NAAT as previously described [5]. Specimens from PIC participants were
tested using the 3" generation GS HIV-1/HIV-2 Plus O antibody EIA (Bio-Rad) until May
2011 and the 4™ generation ARCHITECT HIV Ag/Ab Combo assay (ARCHITECT, Abbott
Diagnostics Division) thereafter. HIV RNA testing was performed for all PIC participants
on individual plasma specimens using the Abbott RealTime HIV-1 RNA assay (Abbott
Molecular Inc), regardless of EIA or ARCHITECT result.

Specimens tested in the PHSKC laboratory were stored at —70°C for purposes of quality
control and future retesting as indicated. When specimens were available, aliquots from
frozen serum specimens from persons with acute and early HIV infection were thawed and
rescreened with Determine Combo according to manufacturer’s instructions. These results
are presented separately from the main analysis.
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Data Analysis

Results

Chart reviews were conducted for all participants with discordant test results in order to
confirm an HIV infection or false positive test result. Participants with a reactive EIA and
positive Western blot or detectable HIV RNA were considered to have confirmed HIV
infection. McNemar's exact tests were used to compare the numbers of HIV-positive persons
detected by the different tests. Estimates of sensitivity and specificity were generated for
STD Clinic participants only, as these participants were more likely to be representative of
HIV-negative men and transgender persons seeking HIV testing and because the electronic
database allowed for more certainty regarding the identification of persons with any reactive
test result. All analyses were performed using Statal3 software (StataCorp LP, College
Station, TX).

Between February 22, 2010 and August 1, 2014, there were 3438 study visits; 3407 visits
were by men, 24 visits were by transgender women, and seven visits were by transgender
men. Minority representation paralleled the race/ethnicity of clients at these sites [23].

One hundred and forty participants tested HIV-positive through the study (Table 1). One
hundred HIV-infected participants had concordant reactive POC test results. Six participants
had non-reactive results on all POC tests but a reactive EIA (Table 2b). Eleven participants
were acutely infected (EIA-negative/NAAT-positive); one of these participants had a
reactive p24 antigen result on Determine Combo (Tables 2a and 2b). Twenty-three other
HIV-infected participants had discordant results with at least one reactive and one non-
reactive POC antibody test result (Table 2a).

Of the 24 total HIV-positive participants with discordant POC test results (including the
individual with a reactive p24 antigen result on Determine Combo), OraQuick performed on
oral fluids identified one (4%) and OraQuick performed on fingerstick whole blood
identified 14 (58%) of the 24 participants. Uni-Gold detected 14 (82%) of 17 HIV-positive
participants, INSTI detected all 10 (100%) HIV-positive participants, and Determine Combo
detected all 20 (100%) HIV-positive participants who were screened during the portion of
the study period each device was in use. OraQuick performed on oral fluid detected
significantly fewer HIV-infected persons compared to OraQuick performed on fingerstick
whole blood (p=.0002), Uni-Gold (p=.006), INSTI (p=.002), and Determine Combo (p=.
0001). There were significantly fewer HIV-infected persons detected by OraQuick
performed on fingerstick whole blood compared to the Determine Combo antibody
component (p=.008) and Determine Combo overall (p=.004), and there was a trend when
compared to INSTI (p=.06). The difference in the number of persons detected by Determine
Combo compared to the 3" generation EIA was not significant (p=.2).

The sensitivities and specificities of the different screening tests as performed at the STD
Clinic are shown in Table 3. Of the fifteen individuals with false-positive Determine test
results, eight had false-positive antibody results and seven had false-positive antigen results.
The specificities of Determine Combo before and after the change in manufacturing process
in 2011 were 99.4% (156 of 157) and 98.9% (1312 of 1326), respectively (p=.6).
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The five acutely infected (EIA-negative/NAAT-positive) participants who were screened but
not detected by Determine Combo (Table 1) had a median HIV RNA level of 33,000 (range
8000-1,100,000) copies/mL (Five other acutely infected participants were screened during a
period when Determine Combo was not available to the study.). The five POC-negative/
EIA-positive participants screened but not detected by Determine Combo had a median HIV
RNA level of 7.2 million (range 586,000-9,000,000 million) copies/mL. Five specimens
were available for additional testing using frozen serum stored in the PHSKC laboratory. Of
these, two had previously tested Determine Combo-negative; one that had been reactive by
EIA and had HIV RNA of 8.5 million copies/mL retested p24 antigen-positive, and one that
had been non-reactive by EIA and had an HIVV RNA of 8000 copies/mL retested Determine
Combo-negative. Frozen serum specimens from three EIA-negative/NAAT-positive persons
who had not initially been screened by Determine Combo were also tested; one tested p24
antigen-positive (HIV RNA 5.3 million copies/mL) and two tested Determine Combo-
negative (HIV RNA >10 million and 59,000 copies/mL).

Discussion

These data reinforce and further illuminate our previously published data which showed that
POC tests fail to diagnose many HIV-infected persons with early infection and confirm that
testing performed on oral fluids is less accurate than testing on fingerstick whole blood [11,
21]. These results are also consistent with data from worldwide studies that found that
Determine Combo failed to identify most acute infections among high risk populations and
produced more false-positive test results than other POC tests. Despite the disappointing
sensitivity for acute HIV infection, Determine Combo was not significantly different from
the 3" generation EIA in detecting infections and as good as (and in one comparison
significantly better than) other POC HIV antibody tests performed on fingerstick whole
blood.

There are four major considerations for testing programs to decide which HIV tests to
deploy. The first consideration is whether there are technical or staffing limitations that
prohibit the use of laboratory-based tests, or whether the population targeted for testing has
low rates of follow-up. Point-of-care (POC) tests have one advantage over laboratory-based
HIV tests in that more persons receive results [24, 25], although this may or may not
translate into greater likelihood of linkage to care among persons testing newly HIV-positive
[26, 27]. Programs should next consider whether the population being tested has a high HIV
incidence and short inter-test intervals, both of which increase the likelihood of testing in the
window period and decrease the clinical sensitivity of HIV antibody tests. Recognition of
the importance of AHI led to recommendations in the new HIV diagnostic testing algorithm
to use 4t generation assays for HIV screening [28]. All other issues being equal, programs
should use the most sensitive test possible. In contrast, there might be programs for which
the specificity of the HIV test is the most important characteristic because of significant
negative consequences of providing false positive test results without results of
supplemental testing, e.g. low prevalence labor and delivery settings. Programs should, of
course, consider whether the target population has a preference. However, our experience
suggests caution in making assumptions, as our work has shown that MSM and transgender
persons familiar with HIV testing may prefer oral fluid as a specimen collection method but
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have more trust in the ability of tests performed on venipuncture specimens to provide
accurate results [20]. Finally, one must consider the financial resources and priorities of the
program. Clearly there is no HIV testing strategy that is one size fits all.

Our study had several limitations. Not all participants were screened using the identical
panel of POC devices because of changes in the standard of care POC test in the clinic and
because of supply issues with Determine Combo prior to FDA-approval. Because POC tests
were performed concurrently, point estimates for the sensitivity of less-sensitive POC tests
may be overestimated by operator interpretation as faint lines were read in the context of
strongly reactive tests. As with prior testing projects in Seattle, our results are likely
generalizable to other populations with high HIV incidence and frequent testing, factors that
produce a high likelihood of testing during early infection. However, our study results may
not be generalizable to populations with lower incidence or less frequent testing.

In conclusion, these findings confirm that currently there is no adequate POC substitute for
laboratory-based 4" generation testing or HIV NAAT in high-incidence populations and
support prior recommendations that programs should not use oral fluid specimens when
POC testing is offered to high-risk populations. The future FDA approval of a POC NAAT
[29] could be highly desirable for implementation in multiple settings, including HIV testing
in populations like ours to detect AHI and reduce ongoing HIV transmission, for PrEP
clinics to limit the acquisition of HIV drug resistance when PrEP is initiated during AHI [30,
31], for researchers and vaccine developers interested in studying the earliest host-virus
interactions, and possibly even for home self-testing in order to limit the potential harms of
“point-of-sex” testing. Until then, the Determine Combo and other 4t generation POC tests
in development may be the best POC tests to use in the highest incidence populations, but, if
these results are validated in future studies, the lower specificity of Determine Combo may
limit its usefulness in populations with lower incidence and prevalence.
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Highlights
Point-of-care HIV tests fail to detect many persons with early HIV infection.
Oral fluid identifies fewer persons with HIV infection compared to fingerstick.
Some differences were seen among the fingerstick point-of-care tests.
Determine Combo detected only one case of acute HIV infection.

Specificity of Combo may be a limitation to use in low prevalence settings.
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Figure 1. Study-specific and standard HIV testing, by study site
Figure 1 shows the HIV tests that occurred at each of the three participating study sites and

the changes that occurred over the duration of the study. EIA: enzyme immunoassay, CMIA:
chemiluminescent microparticle immunoassay, NAAT: nucleic acid amplification testing
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Table 1
Distribution of point-of-care and laboratory HIV test results among study participants, Seattle, 2010-2014

STD Clinic  Gay City PIC Total
n=2189 n=1215 =341 p=34382
HIV-negative 21213 1176 1 3298
Total HIV Positive 68(3.2%)  39(3.2%) 33 140
Concordant Reactive POC Tests 51 (75.0%) 31(79.5%) 18 100
Discordant POC Antibody Tests 7 (10.3%) 3 (7.6%) 13 23
All POC Tests Negative/EIA-Positive 2 (2.9%) 4(179%) 0 64
Acute (EIA-Negative / NAAT-Positive)  g5(17.90p) 1 (2.6%) 26 11

PIC: University of Washington Primary Infection Clinic; POC: point-of-care; EIA: enzyme immunoassay; NAAT: nucleic acid amplification test
1Participants at the UW PIC were referred because of suspicion or recent diagnosis of acute HIV infection.

2Number of study visits. Subjects at the PHSKC STD Clinic and Gay City could participate quarterly.

3Includes one participant with reactive EIA, indeterminate Western blot, and negative NAAT

4In(:ludes five participants screened by Determine Combo

5Includes one participant with positive p24 antigen of four participants screened by Determine Combo

6These participants had a negative Determine Combo, reactive ARCHITECT, negative Multispot HIVV-1/HIV-2 Rapid Test and Western blot, and
HIV RNA levels of 33,000 and 72,000 copies/mL.
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Table 3

Page 15

Sensitivity and specificity of screening HIV tests compared to a strategy including pooled HIV NAAT, among
PHSKC STD Clinic participants only.

Sensitivity (95% CI)
compared to all cases

Sensitivity (95% CI)
compared to EIA+ cases

Specificity (95% CI)

51/68 = 75.0% (63.0-84.7)

51/60 = 85.0% (73.4-92.9)

2109/2112 = 99.86% (99.59-99.97)

53/68 = 77.9% (66.2-87.1)

53/60 = 88.3% (77.4-95.2)

2107/2107 = 100% (99.82-100)

45/53 = 84.9% (72.4-93.3)

45/47 = 95.7% (85.5-99.5)

1561/1561 = 100% (99.76-100)

11/15 = 73.3% (44.9-92.2)

11/13 = 84.6% (54.6-98.1)

543/544 = 99.82% (98.98-100)

34/40 = 84.6% (70.2-94.3)

33/36" = 91.7% (77.5-98.2)

1468/1483 = 98.99% (98.34-99.43)

# tests
OraQuick (oral fluid) 2180
OraQuick (fingerstick) 2175
Uni-Gold 1614
INSTI 559
Determine Combo 1523
GS HIV-1/HIV-2 Plus O 2161

antibody (EIA)

58/66 = 87.9% (77.5-94.6)

2091/2095 = 99.81% (99.51-99.95)

*
This numerator and denominator do not include the participant who tested EIA-negative but p24 Ag-positive on Determine Combo.

Note: estimates cannot be directly compared, as not all POC tests were used on all participants.
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