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INFECTION WITH THE HUMAN IMMU-
nodeficiency virus (HIV) remains
an important public health prob-
lem. It is estimated that more than

1 million people in the United States are
infected with HIV, while approxi-
mately 230 000 infections remain un-
diagnosed.1 Additionally, approxi-
mately 56 000 people are newly infected
each year.2

Testing for HIV infection remains an
important preventive strategy, and in
2006, the Centers for Disease Control
and Prevention (CDC) published re-
vised guidelines for performing HIV
testing in health care settings.3 The new
guidelines represented a substantial
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Context The Centers for Disease Control and Prevention (CDC) recommends rou-
tine (nontargeted) opt-out HIV screening in health care settings, including emer-
gency departments (EDs), where the prevalence of undiagnosed infection is 0.1% or
greater. The utility of this approach in EDs remains unknown.

Objective To determine whether nontargeted opt-out rapid HIV screening in the
ED was associated with identification of more patients with newly diagnosed HIV in-
fection than physician-directed diagnostic rapid HIV testing.

Design, Setting, and Patients Quasi-experimental equivalent time-samples de-
sign in an urban public safety-net hospital with an approximate annual ED census of
55 000 patient visits. Patients were 16 years or older and capable of providing con-
sent for rapid HIV testing.

Interventions Nontargeted opt-out rapid HIV screening and physician-directed di-
agnostic rapid HIV testing alternated in sequential 4-month time intervals between
April 15, 2007, and April 15, 2009.

Main Outcome Measures Number of patients with newly identified HIV infec-
tion and the association between nontargeted opt-out rapid HIV screening and iden-
tification of HIV infection.

Results In the opt-out phase, of 28 043 eligible ED patients, 6933 patients (25%)
completed HIV testing (6702 patients were screened; 231 patients were diagnosti-
cally tested). Ten of 6702 patients (0.15%; 95% CI, 0.07%-0.27%) who did not decline
HIV screening in the opt-out phase had new HIV diagnoses, and 5 of 231 patients
(2.2%; 95% CI, 0.7%-5.0%) who were diagnostically tested during the opt-out phase
had new HIV diagnoses. In the diagnostic phase, of 29 925 eligible patients, 243 (0.8%)
completed HIV testing. Of these, 4 patients (1.6%; 95% CI, 0.5%-4.2%) had new
diagnoses. The prevalence of new HIV diagnoses in the opt-out phase (including those
diagnostically tested) and in the diagnostic phase was 15 in 28 043 (0.05%; 95% CI,
0.03%-0.09%) and 4 in 29 925 (0.01%; 95% CI, 0.004%-0.03%), respectively. Non-
targeted opt-out HIV screening was independently associated with new HIV diag-
noses (risk ratio, 3.6; 95% CI, 1.2-10.8) when adjusting for patient demographics,
insurance status, and whether diagnostic testing was performed in the opt-out phase.
The median CD4 cell count for those with new HIV diagnoses in the opt-out phase
(including those diagnostically tested) and in the diagnostic phase was 69/µL (IQR,
17-430) and 13/µL (IQR, 11-15) , respectively (P=.02).

Conclusion Nontargeted opt-out rapid HIV screening in the ED, vs diagnostic test-
ing, was associated with identification of a modestly increased number of patients with
new HIV diagnoses, most of whom were identified late in the course of disease.
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shift in HIV testing approach by rec-
ommending widespread routine (non-
targeted) opt-out HIV screening in
settings where the prevalence of undi-
agnosed infection was 0.1% or greater.
To minimize other testing barriers, the
CDC also recommended removing the
requirement for separate written con-
sent for HIV testing and the require-
ment for prevention counseling as part
of HIV testing.

Emergency departments (EDs) have
been an important focus for HIV pre-
vention efforts, including testing and
screening initiatives.4-11 Since 2006,
efforts to integrate nontargeted HIV
screening into EDs have increased,
although limited research supports
this practice, and as yet, no compara-
tive study has been conducted to
evaluate the current CDC recommen-
dations in an ED setting.10-13 Thus,
it remains unknown if nontargeted
opt-out HIV screening, when incorpo-
rated into an ED setting, is associated
with the identification of patients
with HIV infection as a prevention
strategy.

The primary goal of this study was
to determine whether nontargeted opt-
out rapid HIV screening in a high-
volume urban ED was associated with
identification of more patients with
newly diagnosed HIV infection than
physician-directed diagnostic rapid HIV
testing. A secondary goal of the study
included assessing the impact of both
testing approaches on ED operational
processes.

METHODS
This study was approved by the re-
search committee and institutional re-
view board (IRB) at Denver Health
Medical Center (DHMC) as well as by
the CDC’s IRB. Both IRBs waived the
requirement for consent as part of the
integration of HIV testing into routine
care. However, consent was obtained
for all HIV testing as part of the pa-
tient’s medical care, and written in-
formed consent was obtained from pa-
tients identified with HIV infection to
obtain data following diagnosis not re-
ported herein.

Study Design
We used a quasi-experimental equiva-
lent time-samples design to determine
whether nontargeted opt-out rapid HIV
screening in the ED was associated with
identification of more patients with
newly diagnosed HIV infection than
physician-directed diagnostic rapid HIV
testing.14 Nontargeted opt-out screen-
ing and diagnostic testing were alter-
nated in sequential 4-month time in-
tervals from April 15, 2007, through
April 15, 2009. The 2 HIV testing ap-
proaches were completely integrated
into ED operations on a 24-hour basis
involving only existing ED and hospi-
tal personnel. Details of the design,
implementation, and rationale of this
study are described elsewhere.15

Setting

This study was performed in the ED at
DHMC in Denver, Colorado. DHMC is
a 477-bed urban public safety-net hos-
pital with approximately 55 000 adult
ED patient visits per year. DHMC is a
regional level I trauma center and a na-
tionally recognized model of the inte-
gration of a public hospital, commu-
nity health center clinics, and a
department of public health.16 A large
proportion of patients served by DHMC
are racial or ethnic minorities and un-
insured, and it has been estimated that
approximately 0.7% of those who pre-
sent to the ED have undiagnosed HIV
infection.17

Population

During the study, all patients 16 years
and older and capable of providing con-
sent for general emergency medical care
were eligible to receive HIV testing. Pa-
tients were excluded from HIV testing
if they (1) were unable to provide con-
sent for HIV testing as assessed by reg-
istration or clinical staff (eg, altered
mentation or critical illness), (2) were
detainees or prisoners, (3) were seek-
ing medical care after sexual assault, (4)
sought care as a result of an occupa-
tional exposure, (5) self-identified as
being infected with HIV, or (6) left the
ED prior to being placed in a treat-
ment room.

Opt-Out Phase
The opt-out phase consisted of three
4-month periods during which nontar-
geted opt-out screening was con-
ducted 24 hours per day and in a fully
integrated manner using existing ED
and hospital personnel. Patients pre-
senting to the ED and meeting criteria
for inclusion were informed in the reg-
istration process that rapid HIV test-
ing would be conducted unless de-
clined. To decline HIV screening,
patients were required to check a box
on the consent form and provide a sig-
nature or initial indicating they were
“opting out.” During registration, pa-
tients were provided a 1-page informa-
tional sheet related to HIV infection in
both English and Spanish. Patients in
the opt-out phase were provided with
details of the testing process by regis-
tration staff, including the informa-
tion that testing was voluntary and
free.15

An electronic ED patient tracking
system (Emergency Medical Services In-
formation System [EMeSIS], Denver
Health, Denver, Colorado), available to
all ED personnel, was used to indicate
those patients who did not opt out of
HIV testing. Emergency department
nurses and health care technicians iden-
tified patients who did not opt out, ob-
tained a blood sample, and sent the
samples to the hospital laboratory for
rapid HIV testing. For those patients
who opted out, physicians had the ad-
ditional opportunity to diagnostically
test them.

Rapid HIV testing was performed by
the hospital’s laboratory and included
a sequential algorithm to potentially im-
prove the predictive value of test-
ing.15,18 Whole blood was first tested
using the Uni-Gold Recombingen HIV
Test (Trinity Biotech, Wicklow, Ire-
land). If the first test was negative, no
other rapid test was conducted, the re-
sult was reported as nonreactive, and
the patient was considered seronega-
tive for HIV. If the first test was reac-
tive, a second rapid test (OraQuick Ad-
vance Rapid HIV-1/2 Antibody Test;
OraSure Technologies Inc, Bethle-
hem, Pennsylvania) was immediately
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conducted. If the second test was nega-
tive, a third test (Multispot HIV-1/
HIV-2 Rapid Test; Bio-Rad Laborato-
ries, Redmond, Washington) was
conducted and used as a tiebreaker.
Because the predictive value of this al-
gorithm is unknown, any reactive HIV
test result was considered to be a pre-
liminary positive result. Patients with
negative test results were notified by
their treating physicians and no post-
test counseling was given. Patients with
preliminary positive test results were
notified by their physician and a so-
cial worker. Social workers provided cli-
ent-centered HIV prevention counsel-
ing, had blood drawn for confirmatory
Western blot testing, and linked
patients into medical care (as defined
by completing an initial HIV clinic
visit after preliminary diagnosis in
the ED).

Diagnostic Phase

The diagnostic phase consisted of three
4-month periods during which rapid
HIV testing was conducted using a pre-
viously described physician-directed di-
agnostic and targeted approach.19 This
included primarily diagnostic testing
but also included targeting patients con-
sidered to be at increased risk for HIV
infection based on actual or perceived
behavioral characteristics ascertained
during the patient’s evaluation. This ap-
proach did not include systematic risk
assessment or targeted screening and
was chosen as the comparison to non-
targeted screening because it was a com-
mon ED approach and considered the
minimum standard of care in an ED
setting.13,19-22

Rapid HIV testing was offered to pa-
tients identified for testing by emer-
gency physicians as part of their ED
care. The physician informed an avail-
able social worker if verbal consent was
obtained. Consistent with a tradi-
tional testing approach (ie, the recom-
mended approach before 2006),23 the
social worker obtained written in-
formed consent, conducted pretest
counseling, coordinated the collec-
tion of blood that was sent to the hos-
pital laboratory for rapid HIV testing,

obtained the test results, participated
in delivery of results, provided post-
test counseling, and coordinated con-
firmatory testing and linkage into care
for those patients testing preliminar-
ily positive.

Outcomes

The primary outcome was the num-
ber of patients confirmed (via West-
ern blot) with newly identified HIV in-
fection. In the expectation of testing
patients previously diagnosed with HIV
infection, the secondary outcome in-
cluded all patients identified with HIV
infection stratified by new diagnoses
and repeat diagnoses. The primary out-
come was also stratified by the propor-
tion of patients identified early in the
course of disease (defined as having ini-
tial CD4 cell count �350/µL) and the
proportion successfully linked into
medical care.

Operational Processes of ED Care

No single criterion is available to mea-
sure ED efficiency and patient through-
put. As such, several measures were col-
lected, including patient wait time;
length of stay; and, for those admitted
to the hospital, boarding time (the time
between admission and transfer to an
inpatient room). Data were collected on
the number of patients who left the ED
before being placed in a treatment room
and on the number of those who left
the ED before completion of their evalu-
ation. Data on laboratory turnaround
times for rapid HIV tests were col-
lected for patients tested for HIV
infection.

The study included use of Emer-
gency Department Work Index
(EDWIN), a validated method to quan-
tify the overall crowding of an
ED.24 EDWIN is calculated at the level
of the ED, not the individual patient,
and thus relies on cross-sectional time
sampling. EDWIN was calculated at
1000 randomly sampled hourly time
points (a subset of the total 17 520
hourly time points during the entire
2-year study period) to provide an ac-
curate and representative sample of ED
crowding.

Data Management
and Statistical Analyses
Data were transferred electronically or
entered manually into a database (Ac-
cess, Microsoft Corporation, Red-
mond) and transferred into SAS or Stata
formats using translational software
(dfPower/DBMS Copy, DataFlux Cor-
poration, Cary, North Carolina). All sta-
tistical analyses were performed using
SAS version 9.2 (SAS Institute, Cary)
or Stata version 10 (StataCorp, Col-
lege Station, Texas).

Patient demographics, including age,
sex, and race/ethnicity, were collected
to assess demographic distributions for
those who completed HIV testing and
who were identified with HIV infec-
tion. Race/ethnicity was classified by pa-
tients using categories defined by
DHMC and collected by registration
staff as part of standard emergency
medical care.

Descriptive statistics for continu-
ous variables were expressed as medi-
ans with interquartile ranges (IQRs) and
proportions as percentages with 95%
confidence intervals (CIs). Observa-
tions from the three 4-month opt-out
periods and three 4-month diagnostic
periods were combined into aggregate
groups representing the opt-out phase
and the diagnostic phase, respec-
tively, and comparative analyses were
performed between the 2 groups. Be-
cause this study did not have random-
ization, multivariable analyses were per-
formed using repeated-measures
Poisson regression to estimate the as-
sociation between the performance of
nontargeted screening and identifica-
tion of patients infected with HIV, while
adjusting for potential variation be-
tween the study groups. Given the rela-
tively rare outcome of HIV infection, a
binary Poisson distribution was used,
and to verify the stability of the re-
sults, a confirmatory analysis using
1000 bootstrapped data sets was used
to estimate the distribution of the point
estimate of the association between
nontargeted screening and the outcome.

Generalized estimating equations
were used to perform all multivariable
analyses. Secular trends were evalu-
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ated by including the month of the
study in the main regression model. The
unit of analysis was the patient unless
stated otherwise, but because repeat
screening is common in large-scale
screening programs in high-volume epi-
sodic care settings, some analyses were
conducted using ED visits as the unit
of analysis.25

Race/ethnicity represented the only
variable with missing data. Approxi-
mately 0.9% of all patients and 4% of
all patients tested for HIV infection in
the opt-out phase had race/ethnicity
data that were unknown or missing, and
approximately 0.03% of all patients and
3% of all patients tested for HIV infec-
tion in the diagnostic phase had race/
ethnicity data that were unknown or
missing. This potentially affected only
the multivariable modeling, which in-
cluded 3 race/ethnicity covariates. Three
specific approaches were used to as-
sess the impact of these missing data on
the models, including exclusion of ob-
servations with missing data from the
models, grouping the observations with
missing data into the other category,
and use of multiple imputation. In
each instance, the magnitude or direc-
tion of the results did not change. No
additional missing data methods were
used.

The Wilcoxon rank sum test was
used to compare waiting time, length
of stay, boarding time, laboratory turn-
around time, and EDWIN between the
2 study groups. The �2 test was used to
compare proportions of those who left
before being placed in a treatment room
and before completing evaluation be-
tween study groups.

Sample Size Assessment

We performed basic simulations (Ex-
cel, Microsoft Corporation) using varia-
tions in the number of patients who
would be eligible for, agree to, and com-
plete HIV testing and the prevalence of
HIV infection among those tested in
each study phase to estimate the num-
ber of patients required for inclusion.
The objective of this approach was to
identify the smallest number of pa-
tients required for HIV testing during

the opt-out phase while supporting a
statistically significant increase in the
number of patients identified with HIV
infection during the opt-out phase.
Using data from a previous study by
Goggin et al17 in which the seropreva-
lence of HIV infection in our ED was
evaluated, we estimated the preva-
lence of HIV infection among those
tested during the opt-out phase to be
0.7%. In the study by Goggin et al,
the results were linked to the Colo-
rado Department of Public Health and
Environment statewide HIV registry to
remove those samples that were al-
ready known to be infected with HIV;
thus, the report represented an esti-
mate of the prevalence of unknown HIV
infection.

Additionally, using data from an ob-
servational study of diagnostic testing
in our ED, we estimated the preva-
lence of HIV infection among patients
tested (the proportion of those tested
who tested positive) during the diag-
nostic phase to be 2.2%.19 Assuming 365
HIV tests would be performed during
the 1-year diagnostic phase, we esti-
mated requiring a minimum of 7000
HIV tests performed during the opt-
out phase to achieve a 95% power to
detect an absolute increase of 21 new
HIV infections detected using a 2-tailed
� of .05.

RESULTS
During this 2-year study, 65 163 pa-
tients presented to the ED. Of these,
31 472 patients presented during the
opt-out phase and 33 691 presented
during the diagnostic phase, and 28 043
(89%) and 29 925 (89%) met eligibil-
ity criteria, respectively (FIGURE). Of
those eligible during the opt-out phase,
the median age was 36 years (IQR, 25-
49), 56% were male, 40% were white,
37% were Hispanic, 14% were African
American, and 9% were of another or
unknown race or ethnicity. Of those eli-
gible during the diagnostic phase, the
median age was 36 years (IQR, 25-
49), 57% were male, 41% were white,
37% were Hispanic, 14% were African
American, and 8% were of another or
unknown race or ethnicity.

Of the 28 043 eligible patients in-
cluded in the opt-out phase, 6762 pa-
tients (24%) did not opt out of HIV test-
ing, and 6702 patients (99%) were
ultimately screened for HIV infection.
Of the 6702 patients screened, 16 pa-
tients (0.24%; 95% CI, 0.14%-0.39%)
were confirmed with HIV infection and
10 patients (0.15%; 95% CI, 0.07%-
0.27%) had new diagnoses. Of the re-
maining 21 281 patients who opted out
or were opted out by registration per-
sonnel, 231 (1%) subsequently under-
went diagnostic testing, and 9 pa-
tients (4.0%; 95% CI, 1.8%-7.3%) were
confirmed with HIV infection, of whom
5 patients (2.2%; 95% CI, 0.7%-5.0%)
had new diagnoses (TABLE 1).

Of the 29 925 eligible patients in-
cluded in the diagnostic phase, 243 pa-
tients (0.8%) underwent testing, and of
these, 5 patients (2.1%; 95% CI, 0.7%-
4.7%) were confirmed infected with
HIV and 4 patients (1.6%; 95% CI,
0.5%-4.2%) had new diagnoses. The
overall prevalence of newly detected
HIV infection during the opt-out phase
(including those diagnostically tested)
and during the diagnostic phase was 15
in 28 043 (0.05%; 95% CI, 0.03%-
0.09%) and 4 in 29 925 (0.01%; 95% CI,
0.004%-0.03%), respectively.

During the opt-out phase, 28 043 pa-
tients made 47 309 visits (median num-
ber of repeat visits, 3; IQR, 2-5), and
patients did not opt out of HIV testing
during 10 237 visits (23%). Overall,
7656 rapid HIV tests (75%) were per-
formed during visits in which patients
did not opt out of testing, and 723 of
these (9%) were repeat tests per-
formed on patients who had been tested
during a previous ED visit in the opt-
out phase (median repeat tests, 1; IQR,
1-1). Of the 7656 tests performed, 34
(0.4%) were reactive, 28 (0.4%; 95% CI,
0.2%-0.5%) were confirmed positive,
and 6 (0.08%) were falsely positive. Of
the 28 confirmed positives, 15 (54%)
were new and 13 (46%) were repeat
HIV diagnoses (Table 1). Of the 13 pa-
tient visits with repeat HIV diagnoses,
6 visits (46%; 95% CI, 19%-75%) were
from patients who had fallen out of care
and were relinked into care as a result
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of being tested in the ED. Of the 723
repeat tests, 4 (0.6%) were reactive and
3 (0.4%) were confirmed positive, rep-

resenting 1 new and 2 repeat HIV di-
agnoses. Only slight demographic dif-
ferences existed between those who

opted out and those who did not. Me-
dian age was 40 years (IQR, 27-52) and
38 years (IQR, 27-49), 57% and 52%
were male, 41% and 37% were white,
35% and 40% were Hispanic, and 14%
and 16% were African American, re-
spectively. No trends in the number of
diagnostic tests performed during the
opt-out (P=.72) or diagnostic (P=.44)
phases were identified.

Nontargeted opt-out screening was
associated with newly identified HIV-
infected patients (risk ratio [RR], 3.6;
95% CI, 1.2-10.8) and identification of
all HIV-infected patients (RR, 3.5; 95%
CI, 1.3-9.3) (TABLE 2). Diagnostic test-
ing performed in conjunction with non-
targeted screening during the opt-out
phase was also highly associated with
newly identified HIV-infected pa-
tients (RR, 56.3; 95% CI, 21.1-150.3)
and identification of all HIV-infected pa-
tients (RR, 71.3; 95% CI, 33.1-153.3).

TABLE 3 reports patient demograph-
ics for patients tested for HIV infec-
tion and confirmed infected accord-
ing to study phase. Of the 15 patients
with new diagnoses during the opt-
out phase, 8 (53%) had been previ-

Table 1. Emergency Department Patients, Patient Visits, and Those Tested for HIV Infection,
Linked Into Medical Care, and Confirmed HIV-Infected in the 2 Study Phases

Variable

Opt-Out Phase Diagnostic Phase

No. (%) Total No. No. (%) Total No.
Patients 31 472 33 691

Eligible patientsa 28 043 (89) 31 472 29 925 (89) 33 691
Patients not opting out 6702 (24) 28 043
Patients tested for HIV infection 6933 (25)b 28 043 243 (0.8) 29 925
Patients with reactive HIV test results 31 (0.5) 6933 5 (2) 243
Patients linked into medical carec 30 (0.4) 6933 5 (2) 243
Patients confirmed with HIV infection 25 (0.4) 6933 5 (2) 243

New diagnoses 15 (60) 25 4 (80) 5
Repeat diagnoses 10 (40) 25 1 (20) 5

Patient visits 51 627 50 664
Eligible patient visitsa 47 309 (92) 51 627 46 044 (91) 50 664
Visits with no patients opting out 10 237 (22) 47 309
Visits with tests for HIV infection 7656 (16) 47 309 260 (0.6) 46 044
Visits with reactive HIV test results 34 (0.4) 7656 5 (2) 260
Visits with patients linked into medical carec 33 (0.4) 7656 5 (2) 260
Visits when HIV infection was confirmed 28 (0.4) 7656 5 (2) 260

New diagnoses 15 (54) 28 4 (80) 5
Repeat diagnoses 13 (46) 28 1 (20) 5

Abbreviation: HIV, human immunodeficiency virus.
aExcluding patients younger than 16 years or those who left before being placed in a treatment room.
bExceeds the number of patients who did not opt out because 231 additional patients received diagnostic tests from phy-

sicians during the opt-out phase.
cAs defined by completing an initial HIV clinic visit after preliminary diagnosis in the emergency department.

Figure. Patient Flow Diagram

65 163 Patients presented to ED between
April 15, 2007, and April 15, 2009

6762 Did not opt out 21 281 Opted out

231 Physician-initiated
diagnostic testing

21 050 Not tested (physician
judgment or patient
refused testing)

6702 Screened
60 Not screened

243 Physician-initiated
diagnostic testing

29 682 Not tested (physician
judgment or patient
refused testing)

28 043 Eligible 29 925 Eligible

3429 Excluded
2565 Younger than 16 y
864 Not placed in a

treatment room

3766 Excluded
2857 Younger than 16 y
909 Not placed in a

treatment room

31 472 Patients during months
of opt-out phase

33 691 Patients during months
of diagnostic phase

10 New diagnoses 6 Repeat diagnoses 5 New diagnoses 4 Repeat diagnoses 4 New diagnoses 1 Repeat diagnosis

16 Confirmed with HIV infection 9 Confirmed with HIV infection 5 Confirmed with HIV infection

Eligible patients included those who were 16 years and older and who were placed in a treatment room in the emergency department (ED). During physician-initiated
diagnostic testing, most of the patients not tested were not considered at risk by the physician. HIV indicates human immunodeficiency virus.
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ously tested for HIV infection, 8 (53%)
were men who had sex with men
(MSM), 2 (13%) injected drugs, 2
(13%) were homeless, and 2 (13%) had
sex with partners with known HIV in-
fection. Of the conventional behav-
ioral risk characteristics associated with
transmission of HIV infection (ie, MSM;
injection drug use; and high-risk het-
erosexual behaviors, including prosti-
tution and sex with a partner with
known HIV infection), 2 of 10 pa-
tients (20%) identified by screening had
no conventional risk factors, and for 2
patients, risk factors were unknown.
The risk factors indicated by the re-
maining 6 patients were MSM (n=6),
drug injection (n=2), and high-risk het-
erosexual sex (n=1). Additionally, of
the 5 patients identified by diagnostic
testing during the opt-out phase, 1
(20%) had no conventional risk fac-
tors, and for 2 patients, risk factors were
unknown. The risk factors indicated by
the remaining 2 patients were MSM
(n=2) and high-risk heterosexual sex
(n=1). Thus, targeted screening based
only on these behavioral risks may miss
patients with undiagnosed HIV infec-
tion.

The median CD4 cell count was
69/µL (IQR, 17-430) and 13/µL (IQR,
11-15) (P=.02), and the median viral
load was 108 790 copies/mL (IQR,
56 000-153 562) and 146 000 cop-
ies/mL (IQR, 50 700-470 000) (P=.87)
when comparing new HIV diagnoses
during the opt-out and diagnostic
phases, respectively. Of the 15 pa-
tients identified during the opt-out
phase, 9 patients (60%; 95% CI, 32%-
84%) had a CD4 cell count of less than
200/µL, 2 patients (13%; 95% CI, 2%-
40%) had a CD4 cell count of 200/µL
to 350/µL, and 4 patients (27%; 95% CI,
8%-55%) had a CD4 cell count greater
than 350/µL. All 4 patients (100%; 95%
CI, 40%-100%) identified during the di-
agnostic phase had a CD4 cell count less
than 200/µL.

TABLE 4 reports operational pro-
cesses during the 2 study phases. There
were no differences in the proportions
of patients who left before being placed
in a treatment room (P=.16) or who left

Table 2. Association Between Nontargeted Opt-Out Rapid HIV Screening and HIV
Diagnosesa

Variable

RR (95% CI)

Newly Diagnosed HIV Infection All Diagnosed HIV Infection

Nontargeted screening 3.6 (1.2-10.8)b 3.5 (1.3-9.3)b

Diagnostic testingc 56.3 (21.1-150.3) 71.3 (33.1-153.3)
Age 1.0 (0.9-1.0) 1.0 (0.9-1.0)
Male sex 4.6 (1.6-13.2) 4.5 (1.5-13.5)
Race/ethnicityd

African American 0.9 (0.2-3.4) 1.5 (0.5-5.1)
Hispanic 1.3 (0.5-3.0) 1.9 (0.8-4.2)
Othere 1.9 (0.4-8.4) 1.8 (0.4-7.9)

Insurance
State sponsored 5.4 (1.3-23.8) 5.1 (1.1-24.5)
Uninsured 1.4 (0.3-7.3) 2.7 (0.6-13.1)
Medicare/Medicaid 3.6 (0.8-16.7) 3.4 (0.7-17.2)

Abbreviations: CI, confidence interval; HIV, human immunodeficiency virus; RR, risk ratio.
aMultivariable repeated-measures Poisson regression was used. The reference category for each variable was as fol-

lows: nontargeted screening: reference was diagnostic rapid HIV testing; sex: reference, female; race/ethnicity: ref-
erence, white; insurance: reference, private; and diagnostic testing: reference, none. Age was included as a con-
tinuous variable with 1-year increments beginning at 16 years.

bTo verify the stability of the results given the relatively small number of outcomes, a confirmatory bootstrap analysis
using 1000 resampled data sets was performed and included an RR range from 1.5 to 17.5 for both nontargeted
screening estimates.

cDiagnostic testing performed during the opt-out phase.
dMultiple imputation was used for the small proportion of missing race/ethnicity data (see “Methods” section).
eRepresents American or Alaskan Native, Native Hawaiian, or non-Hawaiian Pacific Islander.

Table 3. Patient Demographics for Those With HIV Infection According to Study Phase

Variable Opt-Out Phase Diagnostic Phase

Total tested for HIV infection, No. 6933 243
Age, median (IQR), y 38 (26-49) 38 (28-47)
Male sex, No. (%) 3522 (51) 171 (70)
Race/ethnicity, No. (%)

African American 1126 (16) 40 (16)
Asian 52 (1) 1 (1)
Hispanic 2832 (41) 69 (28)
White 2570 (37) 122 (50)
Othera 103 (1) 3 (1)
Unknown/missing 250 (4) 8 (3)

Confirmed HIV diagnoses, No. 25 5
Age, median (IQR), y 38 (29-47) 39 (37-46)
Male sex, No. (%) 21 (84) 5 (100)
Race/ethnicity, No. (%)

African American 4 (16) 0
Asian 0 0
Hispanic 11 (44) 4 (80)
White 8 (32) 1 (20)
Othera 2 (8) 0

New HIV diagnoses, No. 15b 4
Age, median (IQR), y 37 (26-46) 38 (35-44)
Male sex, No. (%) 13 (87) 4 (100)
Race/ethnicity, No. (%)

Asian 0 0
African American 2 (13) 0
Hispanic 7 (47) 3 (75)
White 4 (27) 1 (25)
Othera 2 (13) 0

Abbreviations: HIV, human immunodeficiency virus; IQR, interquartile range.
aRepresents American or Alaskan Native, Native Hawaiian, or non-Hawaiian Pacific Islander.
b Includes 5 of 231 patients who were diagnostically tested during the opt-out phase.
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before completing evaluation (P=.72).
Waiting times for all patients and
lengths of stay for all patients who were
not admitted were statistically longer
during the opt-out phase (P� .001),
and lengths of stay and boarding times
for all those who were admitted were
statistically shorter during the opt-out
phase (P � .001); however, the me-
dian differences for each of these para-
meters were small (ie, �12 minutes
each). The EDWIN (P=.68) and labo-
ratory HIV test turnaround times
(P = .22) were also similar between
groups.

COMMENT
Nontargeted opt-out rapid HIV screen-
ing in conjunction with diagnostic test-
ing was associated with approxi-
mately 30 times the number of rapid
HIV tests performed, yet only a few
more patients were newly identified
with HIV infection when compared
with diagnostic testing alone. The total
number of patients identified with HIV
infection was modest and most of the
patients identified with new HIV infec-

tion met serological criteria for the ac-
quired immunodeficiency syndrome
(ie, CD4 cell count �200/µL) at the
time of their diagnoses.

Although a goal of the 2006 CDC rec-
ommendations3 for performing nontar-
geted opt-out HIV screening was to im-
prove the identification of patients with
undiagnosed HIV infection, this ap-
proach was not considered to have a high
sensitivity (defined as the proportion of
all HIV-infected patients identified by the
program), and it was uncertain what im-
pact implementation of the approach
would have on the epidemic as a whole.
A strength of our study is that to our
knowledge, it represents the largest ED-
based HIV testing study to date and the
largest evaluation of the 2006 CDC rec-
ommendations to date. In 2007, Brown
et al10 published results from a prospec-
tive observational study from Washing-
ton, DC, concluding that ED-based HIV
screening in a high-prevalence setting
was feasible. In their study, 9 of 2476 pa-
tients (0.4%) who were tested had con-
firmed HIV infection. Other reports of
rapid HIV screening in ED settings have

either been smaller or have used exter-
nal staff to conduct screening, thus lim-
iting their applicability.5-7,9,19,26-28 In ad-
dition, studies of routine HIV screening
in EDs that have been previously re-
ported have been observational, limit-
ing their ability to compare HIV screen-
ing with other approaches to HIV
testing.10,11,29-31

During the study, physicians were
permitted to continue to perform diag-
nostic testing so they could provide
standard emergency medical care dur-
ing the opt-out phase. This allowed phy-
sicians to target patients who opted out
of testing during registration. None-
theless,nontargetedscreening remained
significantly associated with identifi-
cation of patients with HIV infection
after adjusting for the performance of
diagnostic testing during the opt-out
phase, suggesting that nontargeted
screening is useful in identifying
patients with unrecognized HIV infec-
tion. However, this study did not dem-
onstrate that nontargeted screening
identified patients early in the course
of disease, as only 4 patients were iden-
tified with CD4 cell counts greater than
350/µL. This finding is contrary to what
many thought would occur and sug-
gests the need for an alternative test-
ing approach to identify patients ear-
lier in the course of disease. The yield
of nontargeted rapid HIV screening may
not be as high as alternative targeted
testing strategies, although this is still
unknown. It is possible, however, that
a longer implementation of nontar-
geted screening would result in a larger
proportion of persons with more recent
infection being identified, although this
also remains unknown.

During the course of the study, ap-
proximately 76% of all eligible pa-
tients either opted out or were opted
out by registration personnel. Al-
though we did not collect data spe-
cific to reasons for opting out, it is our
impression that a large proportion of
eligible patients believed they were not
at risk for HIV infection or could not
consent to testing due to altered men-
tation or illness requiring urgent or
emergent evaluation or intervention.

Table 4. Emergency Department Processes of Care Related to Nontargeted Opt-Out Rapid
HIV Screening and Physician-Directed Diagnostic Rapid HIV Testing

Variable Opt-Out Phase Diagnostic Phase P Valuea

Total ED patient visits, No. 51 627 50 664

Proportion who left before being
placed in a treatment room,
No. (%)

1623 (3.1) 1672 (3.3) .16

Proportion who left before completing
evaluation, No. (%)b

1261 (2.5) 1253 (2.6) .72

Waiting time, median (IQR)
[range], minb,c

0 (0-7) [0-1545] 0 (0-1) [0-753] �.001

Length of stay (not admitted),
median (IQR) [range], hb,d

3.5 (2.1-5.9) [0-38.3] 3.3 (2.0-5.7) [0-41.4] �.001

Length of stay (admitted),
median (IQR) [range], hb,d

6.2 (4.1-9.7) [0-42.8] 6.4 (4.1-10.9) [0-45.8] �.001

Boarding time, median (IQR)
[range], hb,e

2.4 (1.5-4.5) [0-39.1] 2.6 (1.6-5.7) [0-46.9] �.001

ED work index, median (IQR) [range]24 0.6 (0.4-0.7) [0.2-2.9] 0.6 (0.4-0.8) [0.2-2.0] .68

Laboratory turnaround time,
median (IQR) [range], minf

23 (17-35) [10-667] 25 (18-33) [10-657] .22

Abbreviations: ED, emergency department; HIV, human immunodeficiency virus; IQR, interquartile range.
aThe Wilcoxon rank sum and �2 tests were used to make statistical comparisons for continuous and categorical data,

respectively.
bExcludes 3295 patients who left before being placed in a treatment room.
cDifference between the time the patient presented to the ED and the time the patient was placed in a treatment room.
dDifference between the time the patient was placed in a treatment room and the time of discharge from the ED or ad-

mission to the hospital. Of the 98 996 patients placed in a treatment room, 77 894 were discharged and 21 102 were
admitted to the hospital.

eDifference between the time the patient was admitted to the hospital and the time the patient was transferred to an in-
patient room.

fDifference between the time the blood specimen was received by the laboratory and the time the result was reported for
all 7916 rapid HIV tests.
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These results are similar to the studies
by Brown et al10 and White et al,11 which
reported 19% testing (2476/13 240) of
those who met screening criteria and
18% testing (7923/45 159) of those who
were offered testing, respectively, and
support the notion that alternative ap-
proaches to screening are needed to im-
prove identification of HIV infection
among ED patients. A cross-sectional
survey involving a convenience sample
indicated that similar proportions of pa-
tients were willing to be tested with opt-
out or opt-in screening approaches;
however, explanation of opt-out screen-
ing was required for a greater propor-
tion.32

Emergency department crowding has
received substantial attention over the
past decade, and there were concerns
that the introduction of a large preven-
tive intervention such as nontargeted
screening in this busy clinical environ-
ment might interfere with processes of
emergency medical care.33,34 Our re-
sults show that ED processes of care re-
mained relatively unchanged when
nontargeted screening was imple-
mented. The proportion of patients who
did not complete care were similar in
both phases, and although waiting,
length of stay, and boarding times dif-
fered slightly between the 2 study
phases, we believe these differences are
not clinically meaningful. In addition,
use of EDWIN, a validated composite
measure of ED crowding, revealed no
difference between the study phases.

An important potential limitation of
this study was using a quasi-experi-
mental design rather than an experi-
mental design. However, we do not be-
lieve this undermines the validity of the
findings. Randomization was not pos-
sible because the screening program
was fully integrated into ED care and
because the complexity of providing
this service 24 hours a day in a high-
volume setting was high. The primary
outcome measure, newly diagnosed
HIV infection, was not subject to as-
certainment bias, and selection bias was
minimized by inclusion of all eligible
ED patients 16 years and older, and by
fully integrating testing methods across

several hundred ED staff members, thus
mitigating the influence of any indi-
viduals on either HIV testing ap-
proach.

A potential but unlikely factor that
might have compromised the validity
of our findings would have been sys-
tematic changes in the epidemiology of
HIV infection among the patients who
sought care in our ED during the study.
However, we did not observe any im-
portant changes in the epidemiology of
HIV infection in our community. Mul-
tivariable regression analyses were per-
formed to ensure the validity and ro-
bustness of our results. The association
between nontargeted screening and di-
agnosis of HIV infection remained un-
changed when modeled using both
Poisson and logistic regression analy-
ses and after removing all covariates
from the model except whether diag-
nostic testing was performed during the
opt-out phase.

Finally, our study was performed at
1 institution. Although DHMC serves
as a model safety-net institution, our re-
sults may not be representative of those
from other types of institutions or in
other settings.

Nontargeted opt-out rapid HIV
screening in the ED, compared with di-
agnostic testing, was associated with
identification of only a modestly in-
creased number of patients with newly
diagnosed HIV infection, most of whom
were identified late in the course of dis-
ease.
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