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Accurate, timely human immunodeficiency virus (HIV)
diagnosis is critical. Routine HIV screening program data
were examined before and after reflex HIV type 1 RNA
testing. Reflex testing facilitated confirmation of reactive HIV
screening assays (as true or false positives) (odds ratio, 23.7
[95% confidence interval, 6.7-83.4]; P <.0001), improving
detection of acute HIV and reducing unconfirmed discordant
results.
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Timely and accurate diagnosis of human immunodeficiency vi-
rus (HIV) is one of the critical pillars of the national Ending the
HIV Epidemic (EHE) plan in the United States [1]. The Centers
for Disease Control and Prevention’s current algorithm
for HIV diagnosis uses a fourth-generation screening assay,
including both p24 antigen and antibody testing; a positive or
indeterminate fourth-generation screening assay is followed
by an HIV-1/HIV-2 antibody differentiation immunoassay
[2, 3]. If the differentiation immunoassay is negative or indeter-
minate following a reactive screening assay (ie, discordant re-
sults), an HIV-1 and/or HIV-2 nucleic acid test for viral RNA
is required to determine if the result represents a false-positive
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result or an acute HIV infection (AHI) [4]. At many healthcare
organizations, HIV RNA assays require a second blood draw
from the patient, which may result in loss of follow-up and in-
ability to resolve discordant results [5].

To decrease unconfirmed cases and improve detection of
AH]I, experts have suggested updating the algorithm to perform
the HIV RNA assay before the antibody differentiation immu-
noassay or to perform a reflex HIV RNA assay for all discordant
results, though cost may be a barrier [6-9]. In this report, we
examine unconfirmed and discordant results before and after
implementation of a reflex HIV-1 RNA assay following all re-
active fourth-generation screening tests at an academic medical
center with a routine opt-out HIV screening program within an
EHE priority jurisdiction. This program was started in 2011
and now performs >15000 HIV tests per year, the majority
in the emergency department [10]. We report on overall posi-
tive results, discordant results, and time for linkage/relinkage to
care for new and previously diagnosed persons before and after
the introduction of reflex HIV-1 RNA testing.

METHODS

Data from the routine HIV screening program at the University
of Chicago Medicine (UCM) were collected from 14 May 2014
to 30 June 2021. During this period, UCM used a fourth- or
fifth-generation screening assay followed by the antibody dif-
ferentiation assay. We defined discordant test results as a reac-
tive screening assay followed by a negative or indeterminate
antibody differentiation assay; discordant results include con-
firmed false-positive results, unconfirmed results (patients
who did not undergo HIV-1 RNA testing), and acute HIV cas-
es. Acute HIV was determined by a reactive screening assay fol-
lowed by a negative antibody differentiation assay and a
positive HIV-1 RNA result. New HIV diagnoses also include
acute HIV cases.

From 14 May 2014 to 27 September 2016, resolving discord-
ant results required an additional blood draw to perform the
HIV-1 RNA test. From 28 September 2016 to 30 June 2021, a
reflex quantitative HIV-1 RNA test was performed following
any reactive screening assay, including those with discordant
results. Data from 1 October 2018 to 31 December 2018 were
excluded due to an increase in false-positive results caused by
an issue with the HIV screening assay reagent.

We examined the number of reactive screening assay results,
confirmed true positives, discordant results, acute HIV cases,
confirmed false positives, and discordant test results that re-
mained unresolved. Median differences in time to linkage to
care before and after reflex HIV-1 RNA testing were compared.
We used ¥ tests and odds ratios (ORs) with either 95%
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Table 1. Human Immunodeficiency Virus (HIV) Test Results Before and After Reflex HIV-1 RNA Testing, 14 May 2014 to 30 June 2021
Median
Reactive New HIV Existing Discordant Unconfirmed Days to
All HIV Confirmed Cases Existing Cases Results Confirmed Reactive Linkage
Patients Screening True-Positive (Acute HIV Needing (Acute False-Positive Screening (No.
Year Tested Assay® Results® Cases®) Cases Linkage Cases®) Results Assay Linked)
2014 6924 56 46 20 (0) 26 1 10 (0) 3 7 31(7)
2015 10710 72 65 27 (0) 38 9 7(0) 2 5 20 (9)
2016 9611 62 57 32 (7) 25 9 12 (7) 4 1 14 ()
Subtotal 27 245 190 168 79 (7) 89 29 29 (7) 9 13 20 (21)
HIV-1 RNA reflex begins 28 September 2016
2016 3139 25 17 8(0) S 2 8(0) 8 0 14 (4)
2017 15450 240 90 35 (5) 55 1 155 (5) 149 1 9(21)
20189 12791 211 77 27 (3) 50 12 137 (3) 133 1 9(19)
2019 27 860 288 186 56 (8) 130 32 110 (8) 101 1 12 (29)
2020 28610 354 276 49 (12) 227 51 90 (12) 78 0 7.5 (46)
2021° 18096 253 207 33 (7) 174 48 53 (7) 46 0 8 (28)
Subtotal 105946 1371 853 208 (35) 645 156 553 (35) 515 3 9(147)
Total 133191 1561 1021 287 (42) 734 185 582 (42) 524 16 20 (168)

Abbreviation: HIV, human immunodeficiency virus.

“The “Reactive HIV Screening Assay” column is the sum of the “Confirmed True-Positive Results” plus “Confirmed False-Positive Results” plus “Unconfirmed Reactive Screening Assay”

columns.

°The “Confirmed True-Positive Results” column reflects new HIV cases (a subset of which are acute cases) plus existing HIV cases.

°Acute cases are included in both the “New HIV Cases” column as well as the “Discordant Results” column since they are part of both categories.

9Includes data from 1 January 2018 to 30 September 2018 only.
®Includes data from 1 January 2021 to 30 June 2021 only.

confidence intervals (ClIs) or 2-sided P values of .05 being con-
sidered statistically significant. Analyses were performed in
SAS version 9.4.

RESULTS

Prior to reflex HIV-1 RNA testing, from 14 May 2014 to 27
September 2016, there were a total of 190 unique patients
with reactive HIV screening results; 168 were confirmed true-
positive results (88.4%; 79 new diagnoses [7 of which were
acute], 89 existing diagnoses). Of the 29 discordant results, 7
were acute cases (3.7%), 9 were false-positive results (4.7%),
and 13 tests were unable to be confirmed (6.8%) (Table 1).
These patients were either not able to be located or did not
return for further testing at our institution. Of the reactive
test results that were new, existing, or acute cases, 108 people
required outreach to link or relinkage to HIV care.

After reflex HIV-1 RNA testing, from 28 September 2016 to
30 June 2021, there were 1371 reactive HIV screening assays in
unique patients; 853 were confirmed true-positive results
(62.2%; 208 new diagnoses [35 of which were acute], 645 existing
diagnoses). Of 553 discordant results, there were 35 acute infec-
tions (6.3%), 515 confirmed false-positive results (37.5%), and 3
unconfirmed screening assay results (0.2%) (Table 1). Of reactive
test results that were new, existing, or acute cases, 364 people re-
quired outreach to link or relinkage to HIV care.

With reflex HIV-1 RNA testing, reactive HIV screening as-
says were significantly more likely to be confirmed (either as

true or false positives) compared to the period before reflex
HIV-1 RNA testing was implemented (OR, 23.7 [95% CI,
6.7-83.4]; P <.0001). Similarly, newly diagnosed patients
with HIV were linked to care significantly faster under reflex
HIV-1 RNA testing (median difference, —7.6 days [95%
CI, —12.7 to —2.6 days]; P =.003). Since implementing reflex
HIV-1 RNA testing, acute cases have comprised 16.8%
(35/208) of all new HIV diagnoses at UCM, nearly double
the proportion detected before (8.9% [7/79]), although these
results were not statistically significant (OR, 1.9 [95% CI,
[.8-4.5]; P=.14). Including HIV-1 RNA testing significantly
reduced the number of patients needing to be contacted re-
garding discordant test results or to initiate linkage/relinkage
to HIV care (OR, 0.7 [95% CI, .6-.8]; P=.001).

DISCUSSION

At our institution, HIV-1 RNA reflex testing significantly de-
creased the number of discordant results and improved identi-
fication of AHI in a timely manner, while freeing resources to
provide linkage to care and other important services. We were
able to use reflex HIV-1 RNA testing to efficiently differentiate
AHI from false-positive results, reflected in the number of
acute cases detected after reflex HIV-1 testing began, despite
no statistically significant difference. Accurately identifying
people with AHI is crucial for preventing secondary transmis-
sion of HIV by providing linkage to care and initiation of anti-
retroviral therapy (ART) [11-13]. Given the large volume of
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HIV screening tests performed, streamlined detection of true-
positive HIV tests permitted growth of routine, opt-out HIV
screening while allowing staff to prioritize contacting patients
with true-positive results rather than tracking individuals
with discordant results. It can be difficult to reach patients
who require additional testing for HIV confirmation, and oth-
ers may outright refuse to undergo further testing [14, 15]. In
fact, the limited number of unconfirmed discordant cases fol-
lowing implementation of reflex HIV-1 RNA testing resulted
from insufficient sample (6-10 mL blood sample required) to
perform the HIV-1 RNA assay and subsequent inability to
make patient contact. In the absence of HIV RNA assay results,
use of the signal-to-cutoff ratio of the screening assay may also
mitigate this problem, which can help distinguish between
false-positive and acute (true-positive) results before confirma-
tory testing is available [15, 16].

By removing the need for a second blood draw in most cir-
cumstances, reflex HIV-1 RNA testing has supported rapid
linkage and initiation of ART [17]. Rapid initiation of ART is
a guidelines-supported intervention to shorten time to viral
suppression and improve clinical outcomes [18-21]. The
HIV screening algorithm plays a large role in ensuring that rap-
id ART initiation can occur [11, 12, 22]. Achieving rapid ART
initiation can be facilitated by drawing a plasma sample that
can be used for all steps of the diagnostic algorithm, thus avoid-
ing delays caused by additional blood draws [7].

Finally, reflex HIV-1 RNA testing generated better detection
not only of people who were newly diagnosed with HIV but
also people with HIV (PWH) who had lapsed in care. In the
emergency department setting, some PWH do not disclose
their HIV status, resulting in retesting that can serve as an op-
portunity for relinkage. Reflex HIV-1 RNA testing has enabled
staff to better determine who may be out of care and prioritize
relinkage efforts among PWH with elevated viral loads. Certain
laboratories such as the Mayo Clinic, LabCorp, and Quest
Diagnostics have begun conducting reflex viral load testing
only for people with discordant results [23-26]. In healthcare
organizations like ours located within a high-HIV-prevalence
area, there may be a benefit to conducting reflex HIV-1 RNA
testing for all reactive screening assays due to the increased
HIV burden and frequent transference of care between institu-
tions. Similar settings may benefit from incorporating reflex
HIV-1 RNA testing to avoid missed opportunities for diagnos-
ing new and acute HIV infections, as well as ensuring PWH are
linked or relinked to the appropriate care. This approach sup-
ports the Diagnose, Treat, and Respond pillars of the EHE ini-
tiative, thereby contributing to HIV elimination [27]. However,
this approach may be cost-prohibitive; formal cost analyses ac-
counting for benefits of early diagnosis and relinkage would
contribute to our understanding of the tradeoffs of reflex test-
ing for all reactive screening assays versus only for discordant
test results, while the development of less expensive HIV-1

RNA viral load tests may allow for this approach to be adopted
in the future with less concern for cost [7].

Limitations of this study include that it was conducted at a
single urban academic medical center serving areas of high in-
cidence and prevalence of HIV. Larger studies will need to be
conducted to see if these results are consistent across different
settings and patient populations. As a retrospective study,
changes in clinical guidelines and best practices over time em-
phasizing the importance of rapid initiation of ART likely im-
pacted the time to linkage to care, not reflex HIV-1 RNA testing
alone. Additionally, it is possible that improvements in pro-
gram and staff experience over time also contributed to reduc-
tions in time to linkage to care. Finally, this analysis excluded
3 months of data due to issues with testing reagents that caused
many false-positive results; even so, there were more false-
positive results in certain years likely due to changes in screen-
ing assays over time. It is unknown how the inclusion of those
months would have affected the results.

CONCLUSIONS

Based on our results, we recommend that all high-incidence
settings consider implementing reflex HIV-1 RNA testing to
improve timely diagnosis of HIV, enable guideline-based rapid
linkage and initiation of ART, and reduce resources required to
resolve discordant results. Further work should include cost
analysis to understand feasibility of such an approach across
different healthcare settings.
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