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THE CENTERS FOR DISEASE CON-
trol and Prevention (CDC) es-
timates that between 280 and
370 infants are born infected

with human immunodeficiency virus
(HIV) annually in the United States de-
spiterecommendationsforuniversalpre-
natal HIV screening and widespread use
of antiretroviral drugs in pregnant HIV-
infected women.1-4 Perinatally acquired
HIV infections may result from missed
opportunities for prevention, such as
inadequate prenatal care.4,5 Ideally, all
pregnant women should receive early
prenatalcarewithvoluntaryHIVtesting.
However,forthosewhodonot,rapidtest-
ing during labor could provide HIV-
infected women with immediate access
to antiretroviral prophylaxis.3,6 Most
women in the United States give birth in
hospitals, presenting a crucial opportu-
nity forsystematicallyofferingrapidHIV
testingand,whenindicated,interventions
to decrease perinatal transmission.7

We sought to determine the feasibil-
ity of rapid HIV testing during labor,

assess barriers to HIV testing, and facili-
tate comprehensive care for HIV-
infected mothers and their infants. A US
Food and Drug Administration treat-
ment investigational device exemption
permitted the use of a rapid test before
its approval in November 2002.8,9 This
test yields HIV results in 20 minutes,
making it ideally suited for point-of-
care use. This report describes the expe-
rience of performing rapid HIV testing
during labor and the factors associated
with acceptance of rapid testing.

METHODS
The CDC funded 16 hospitals in 6 US
cities (Atlanta, Ga; Baton Rouge, La; Chi-
cago, Ill; Miami, Fla; New Orleans, La;

and New York, NY) to participate in the
MIRIAD (Mother-Infant Rapid Interven-
tion At Delivery) study, which offered
HIV counseling, voluntary rapid test-
ing, and, if indicated, antiretroviral pro-
phylaxis to women with undocu-
mented HIV status late in pregnancy.
Counseling, voluntary rapid testing, and
antiretroviral prophylaxis (as well as
study enrollment) were offered by la-
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Context Timely testing of women in labor with undocumented human immunodefi-
ciency virus (HIV) status could enable immediate provision of antiretroviral prophylaxis.

Objectives To determine the feasibility and acceptance of rapid HIV testing among
women in labor and to assess rapid HIV assay performance.

Design, Setting, and Patients The Mother-Infant Rapid Intervention At Delivery
(MIRIAD) study implemented 24-hour counseling and voluntary rapid HIV testing for
women in labor at 16 US hospitals from November 16, 2001, through November 15,
2003. A rapid HIV-1 antibody test for whole blood was used.

Main Outcome Measures Acceptance of HIV testing; sensitivity, specificity, and pre-
dictive value of the rapid test; time from blood collection to patient notification of results.

Results There were 91707 visits to the labor and delivery units in the study, 7381 of
which were by eligible women without documentation of HIV testing. Of these, 5744
(78%) women were approached for rapid HIV testing and 4849 (84%) consented.
HIV-1 test results were positive for 34 women (prevalence=7/1000). Sensitivity and
specificity of the rapid test were 100% and 99.9%, respectively; positive predictive
value was 90% compared with 76% for enzyme immunoassay (EIA). Factors inde-
pendently associated with higher test acceptance included younger age, being black
or Hispanic, gestational age less than 32 weeks, and having had no prenatal care. Lower
acceptance was associated with being admitted between 4 PM and midnight, particu-
larly on Friday nights, but this may be explained in part by fewer available personnel.
Median time from blood collection to patient notification of result was 66 minutes (in-
terquartile range, 45-120 minutes), compared with 28 hours for EIA (P�.001).

Conclusions Rapid HIV testing is feasible and delivers accurate and timely test re-
sults for women in labor. It provides HIV-positive women prompt access to intrapar-
tum and neonatal antiretroviral prophylaxis, proven to reduce perinatal HIV transmis-
sion, and may be particularly applicable to higher-risk populations.
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bor and delivery nurses, midwives, and
obstetrics/gynecology residents in most
hospitals. MIRIAD staff performed study
interviews (usually post partum) and
medical record reviews for the study at
each hospital. Women were offered en-
rollment if they were in active labor (de-
fined as having regular strong contrac-
tions and ruptured membranes or
cervical dilation �4 cm) at a minimum
of 24 weeks’ gestation (potentially vi-
able neonate). Women not in active la-
bor were enrolled only if they pre-
sented at 34 weeks’ gestation or later to
the labor and delivery unit (standard HIV
testing could be offered at �34 weeks per
hospital protocol).

We developed a standardized proce-
dure for obtaining written informed con-
sent for rapid testing and study partici-
pation during labor that included use of
a flipchart, which pictorially reviews the
main study aspects.10 The study was ap-
proved by institutional review boards of
the CDC and each participating institu-
tion. One MIRIAD study hospital did not
allow collection of variables (cervical di-
lation, membrane status, frequency of
contractions, gestational age, number of
prenatal care visits, age, years of educa-
tion, Hispanic ethnicity, and race) on the
eligibility form (all other study hospi-
tals permitted this) from women who
were not approached or who declined
rapid testing and study participation (but
this hospital did allow collection of time
of admission). Thus, this hospital is not
represented by variables from this group
in relevant analyses herein.

Blood was collected for both rapid
testing and enzyme immunoassay (EIA)
and, when indicated, Western blot con-
firmatory testing. Laboratory techni-
cians and labor and delivery staff per-
formed rapid test proficiency panels for
quality assurance. The EIA, and if
needed, Western blot testing, was per-
formed immediately following rapid HIV
testing in the MIRIAD protocol. Nine in-
stitutions used the Abbott HIV-1/
HIV-2 EIA (Abbott Laboratories, Ab-
bott Park, Ill) and the Genetic Systems
HIV-1 Western blot (BioRad Laborato-
ries, Hercules, Calif); 7 institutions used
the Genetic Systems HIV-1/HIV-2 Pep-

tide EIA (BioRad Laboratories) and 4 of
these used the Genetic Systems HIV-1
Western blot (BioRad Laboratories) and
3 used the Cambridge Biotech HIV-1
Western blot (Calypte Biomedical, Rock-
ville, Md). In all institutions, initially re-
active EIAs and rapid tests were re-
peated in duplicate; specimens with
repeatedly reactive EIA or rapid tests
were tested using Western blot. Women
identified as HIV-positive by the Ora-
Quick Rapid HIV-1 Antibody Test (Ora-
Sure Technologies Inc, Bethlehem, Pa)
or EIA, and those with discordant rapid
test and EIA/Western blot results were
followed up together with their infant
for at least 6 months. The infants were
tested using HIV DNA polymerase chain
reaction (PCR) at less than 48 hours, 2
weeks, 6 weeks, and 3 months, and if
having an indeterminate status, at 6
months.

To determine factors associated with
acceptance of HIV testing, odds ratios
(ORs) and 95% confidence intervals
(CIs) were estimated using uncondi-
tional logistic regression, adjusting for
study site and other covariates. Re-
ported ORs should not be misinter-
preted as relative risks.11 Sensitivity,
specificity, and positive and negative
predictive values were determined us-
ing the EIA/Western blot algorithm as
the gold standard. For each of these
measures, CIs were estimated using ex-
act binomial methods.12 Median turn-
around times were compared using the
Wilcoxon rank-sum test. We used SAS
statistical software version 8 (SAS In-
stitute Inc, Cary, NC) and S-Plus ver-
sion 6.1 (Seattle, Wash). All P values
reported are 2-sided and P�.05 was
considered statistically significant.

RESULTS
Between November 16, 2001, and No-
vember 15, 2003, there were 91707 vis-
its to the labor and delivery units of the
16 participating hospitals and 7381
women (8% of all visits recorded) were
eligible for rapid HIV testing. Of these,
1637 women (22%) were not ap-
proached for rapid HIV testing for rea-
sons that included no staff member being
available or verification for HIV testing

during pregnancy still pending. Every at-
tempt was made to have continuous la-
bor and delivery coverage but some
hospitals were less successful (imple-
mentation issues are being addressed in
separate analyses). The remaining 5744
women were offered rapid HIV testing.
Data on frequency of visiting the units
were not collected and some women may
have visited the units more than once.
Written informed consent for both rapid
testing and study participation was ob-
tained from 4849 (84%) women.

Thirty-four women tested HIV-1 posi-
tive with both rapid test and EIA, and all
were confirmed by Western blot
(prevalence=7/1000).Therewere4 false-
positive and no false-negative rapid test
results. All 4 patients presented in ac-
tive labor and were given antiretroviral
prophylaxis, which was stopped when
clinicians were notified that the rapid test
result was false-positive. Sensitivity of the
rapid test was 100% (95% CI, 90%-
100%) and specificity was 99.9% (95%
CI, 99.78%-99.98%). Negative predic-
tive value was 100%; positive predic-
tive value was 90% (95% CI, 75%-97%).
The EIA had 11 false-positive results: 5
in women with an indeterminate West-
ern blot result (usually a single p24 band)
and 6 others with negative Western blot
results. All 11 women had negative rapid
test results. No false-negative EIA re-
sults were identified. The specificity of
EIA was estimated to be 99.8% (95% CI,
99.6%-99.9%); positive predictive value
was 76% (95% CI, 61%-87%).

In analyses adjusted for study site, ac-
ceptance of HIV testing during labor
was associated with younger age, His-
panic ethnicity, gestation of less than
32 weeks, time of admission, and no
prenatal care (TABLE 1). In multivari-
ate analysis, black as well as Hispanic
women were more likely than white
women to accept testing. Younger age,
gestation less than 32 weeks, and no
prenatal care also remained signifi-
cant (Table 1). Hospital admission be-
tween 4 PM and midnight was associ-
ated with lower HIV test acceptance
(adjusted odds ratio [AOR], 0.7; 95%
CI, 0.5-0.9); acceptance was lowest on
Friday nights (P=.001).
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Median time from blood collection to
patient notification of rapid test result
was 66 minutes (interquartile range, 45-
120 minutes). In contrast, the median
time from blood collection to receipt of
EIA results was 28 hours (P�.001), with
more significant delays for specimens ob-
tained on weekends vs weekdays (39 vs
25 hours; P�.001).

Among women tested during active la-
bor (n=4073), the factor most strongly
associated with receipt of test results af-
ter delivery was the number of hours the
woman spent in the labor and delivery
unit before delivery (TABLE 2). Women
who arrived 2 or fewer hours before de-
livery were more likely to receive rapid
test resultspostpartum thanwomenwho
arrived 12 or more hours before deliv-
ery (AOR, 34.5; 95% CI, 24.9-47.9).

Twenty-seven of the 34 HIV-infected
women identified were in active labor
when they first arrived. Of those, 18 re-
ceived intrapartum zidovudine (8 of
these also received intrapartum single-
dose nevirapine). The remaining 9
women who arrived in active labor did
not receive intrapartum prophylaxis be-
cause they arrived near the time of de-
livery and could not receive the rapid test
result in time to start prophylaxis. The
median time between receipt of rapid test
result and zidovudine dosing was 33
minutes; zidovudine was started on av-
erage 6 hours prior to delivery (range,
1-18 hours). All HIV-exposed infants re-
ceived zidovudine prophylaxis soon af-
ter birth (median, 3.8 hours); 17 in-
fants also received single-dose nevirapine
(prophylaxis protocols3 varied by
institution). Two foreign-born HIV-
infected women presenting late in preg-
nancy but who were not in active labor
could not be followed up (they may have
returned to their home country).

Of the remaining 32 HIV-exposed in-
fants in the study, 17 were delivered vagi-
nally and 15 by cesarean delivery (none
of these 32 infants were breastfed). Three
infants were found to be HIV-infected:
2werealreadyDNA-PCRpositiveatbirth
and the other infant was negative at birth
but positive by 6 weeks of age. The
mother of this infant arrived too late for
intrapartum prophylaxis. Two of the 3

infected infants had a vaginal delivery.
The infant who was DNA-PCR nega-
tive at birth but positive by 6 weeks was
delivered vaginally. Of the 32 infants, 27
were followed up for 6 months. Many of
the women have started highly active an-
tiretroviral therapy for their own health
(follow-up of women testing positive is
continuing and being addressed in sepa-
rate analyses). Of the 34 HIV-infected
women identified, 30 were black, of
whom 21 (70%) were born in the United
States and9(30%)were immigrants from

Africa and the Caribbean. Regarding test
performance with non-clade B HIV-1,
there was 100% sensitivity in use of the
rapid test with whole blood and no in-
dication in the MIRIAD study that speci-
ficity was decreased in African women.

COMMENT
We found that rapid HIV testing yielded
accurate and timely results to women in
labor and that implementing rapid test-
ing was acceptable and feasible. Overall
test acceptance was nearly 85%. Lower

Table 1. Odds of Accepting if Approached for Rapid HIV Testing During Labor, by
Characteristics (n = 5744)

Characteristic No./Total (%)

Odds Ratio (95% CI)*

Adjusted for
Study Site

Adjusted for
Age and Study Site Full Model†

Age, y
�20 881/976 (90.3) 1.8 (1.4-2.3)‡ 1.9 (1.3-2.6)‡

20-24 1512/1730 (87.4) 1.4 (1.1-1.7)‡ 1.5 (1.2-2.0)‡

25-29 1004/1164 (86.3) 1.2 (0.98-1.5)‡ 1.4 (1.0-1.8)‡

�30 1157/1394 (83.0) 1.0 1.0

Not reported 295/480 (61.5)

Race
White 1313/1544 (85.0) 1.0 1.0 1.0

Black 3042/3503 (86.8) 0.9 (0.8-1.1) 0.9 (0.86-1.2) 1.8 (1.2-2.7)

Other 312/346 (90.2) 1.1 (0.8-1.7) 1.2 (0.8-1.8) 1.1 (0.6-1.9)

Not reported 182/351 (51.9)

Hispanic ethnicity
No 3195/3715 (86.0) 1.0 1.0 1.0

Yes 1494/1704 (87.7) 1.6 (1.3-1.9) 1.5 (1.2-1.8) 2.4 (1.6-3.5)

Not reported 160/325 (49.2)

Duration of gestation, wk
�32 395/438 (90.2) 1.4 (1.0-2.0) 1.6 (1.1-2.2) 2.0 (1.2-3.3)

32-36 976/1154 (84.6) 0.8 (0.7-0.96) 0.8 (0.7-1.0) 0.9 (0.7-1.2)

�36 3184/3686 (86.4) 1.0 1.0 1.0

Not reported 294/466 (63.1)

Time of admission
Midnight-8 AM 1529/1805 (84.7) 1.0 (0.8-1.2) 1.0 (0.8-1.2) 0.8 (0.7-1.1)

8 AM-4 PM 2057/2414 (85.2) 1.0 1.0 1.0

4 PM-midnight 1262/1523 (82.9) 0.8 (0.7-0.99) 0.8 (0.7-1.0) 0.7 (0.5-0.9)

Not reported 1/2 (50.0)

Prenatal care visits, No.
0 1299/1451 (89.5) 1.5 (1.2-2.0) 1.7 (1.3-2.2) 1.7 (1.3-2.3)

1-5 839/959 (87.5) 1.2 (0.95-1.6) 1.4 (0.98-1.6) 1.3 (0.98-1.7)

�5 1350/1578 (85.6) 1.0 1.0 1.0

Not reported 1361/1756 (77.5)
Abbreviations: CI, confidence interval; HIV, human immunodeficiency virus.
*Reported odds ratios should not be misinterpreted as relative risks.11

†Logistic regression model containing study site, study year, rapid testing procedure, and all variables listed in the
table; individuals with missing data were excluded from the model. It should be noted that 1 study hospital did not
allow collection of variables (cervical dilation, membrane status, frequency of contractions, gestational age, number
of prenatal care visits, age, years of education, Hispanic ethnicity, and race) on the eligibility form (all other study
hospitals permitted this) from women who were not approached or who declined rapid testing and study participa-
tion (but this hospital did allow collection of time of admission). Thus, this hospital is not represented by variables
from this group in relevant analyses herein. Missing data for 35 women were due to this hospital not collecting the
information on women who declined testing (translating to 3%-11% of all missing data, depending on the variable).

‡Test for trend, P�.001.
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acceptance during evening shifts may be
explained in part by fewer available per-
sonnel. Informed consent was obtained
not only for rapid HIV testing but also
for participation in a research study.

Based on the feasibility of rapid test-
ing demonstrated in MIRIAD, the CDC
nowrecommendsroutinerapidHIVtest-
ing using an opt-out approach (ie, a
woman is informed that HIV testing will
be routinelydoneduring labor ifherHIV
status is unknown but she may decline
testing).8,13 Each woman should be
informedthatapreliminarypositiverapid
test result means that she is likely HIV
infected but that this result will need to
be confirmed. If her rapid test result is
positive, she should be notified that anti-
retroviraldrugswill beoffered toherand

to her newborn. If her rapid test result is
negative, she should be notified that she
is almost certainly not HIV infected. One
practical approach to implementing rou-
tine rapid testing would be for each hos-
pital to put in place standing orders to
immediately inform any woman in labor
whose HIV status is unknown that she
will be tested unless she declines.8,13

The rationale for focusing on women
in labor is that there is a brief window
of opportunity for interventions to de-
crease HIV transmission to the new-
born.6,14-16 This rationale is related to the
pharmacokinetics of the antiretroviral
drugs used for prophylaxis.3 In deci-
sion analysis modeling, rapid HIV test-
ing during labor is cost-saving to the
medical system.17 Our study demon-

strates that, in general, results are timely
and that antiretroviral prophylaxis can
be provided promptly to HIV-infected
women and their infants. In addition, we
have previously shown that point-of-
care rapid testing has the potential to
save valuable time compared with send-
ing specimens to the laboratory.18,19

Appropriate training of staff and qual-
ity assurance processes are essential to
ensure accurate rapid HIV test re-
sults.9,20 Despite high test perfor-
mance, there were still instances in
which preliminary HIV-1 screening tests
(rapid test or EIA) yielded false-
positive results. The decision to recom-
mend antiretroviral prophylaxis on the
basis of an unconfirmed test result will
continue to require clinical judgment
and knowledge about HIV prevalence
and the performance characteristics of
each test. Although EIA has been the
mainstay of HIV screening, the rapid test
demonstrated a higher positive predic-
tive value in the present study.

Several study caveats should be con-
sidered.First, clinical interventionswere
not standardized but left up to indi-
vidual practitioners following US Pub-
licHealthServiceguidelines.3 Second, the
total number of encounters recorded
included some women who visited the
labor and delivery unit more than once.
Therefore, the percentage of eligibility
reported in this study (8%) is likely an
underestimate of the true proportion of
women with undocumented HIV sta-
tus. Third, our findings about accep-
tanceratesandthe informedconsentpro-
cess may not directly translate to a
nonresearch setting. Fourth, the utility
of the program is in part contingent on
accurate and accessible documentation
of the HIV status to avoid redundancy
of effort.

The MIRIAD findings are impor-
tant both in the United States and in-
ternationally. In many settings, includ-
ing in the developing world, pregnant
women with unknown HIV status are
often seen by clinicians for the first time
during labor.16,21,22 Rapid testing dur-
ing labor can enable pregnant women
with undocumented HIV status to learn
their HIV infection status so they can

Table 2. Multivariate Analysis of Factors Associated With Receipt of Rapid HIV Test Results
After Instead of Before Delivery in 4073 Women in Active Labor*

Characteristic
Univariate No./

Total (%)

Multivariate Logistic Regression

Adjusted Odds
Ratio (95% CI)†

�2 P Value for Test
of Overall Effect

Time between arrival and
delivery, h (hours)

0-2 723/856 (84.5) 34.5 (24.9-47.9)

3-5 349/696 (50.1) 5.2 (4.0-6.9)

6-8 179/506 (35.4) 2.2 (1.6-3.0) �.001

9-12 146/474 (30.8) 2.0 (1.5-2.7)

�12 206/1124 (18.3) 1.0

Time between blood collection
and patient notification, min

�90 1021/2624 (38.9) 1.0
�.001

�90 766/1437 (53.3) 2.2 (1.8-2.6)

Prenatal care visits, No.
0-5 780/1738 (44.9) 1.0

.002
�5 623/1217 (51.2) 1.4 (1.1-1.7)

Time of admission
Midnight-8 AM 717/1403 (51.1) 1.9 (1.5-2.3)

8 AM-4 PM 614/1645 (37.3) 1.0 �.001

4 PM-midnight 461/1024 (45.0) 2.3 (1.8-3.0)

Admission on weekend‡
Yes 622/1263 (49.3) 1.6 (1.3-2.0)

�.001
No 1171/2810 (41.7) 1.0

Duration of gestation, wk
�32 97/359 (27.0) 1.0

32-36 254/675 (37.6) 1.2 (0.8-1.9) .002

�36 1336/2809 (47.6) 1.7 (1.2-2.6)
Abbreviation: CI, confidence interval.
*Of 4073 women in active labor with information on receipt of rapid test results, 417 had missing data on time between

arrival and delivery, 12 had missing data on time between blood collection and rapid test notification, 1118 had miss-
ing data on prenatal care, 1 had missing data on time of admission (and weekend), and 230 had missing data on
gestational age. Overall, 1510 of 4073 women were excluded from the model due to 1 or more missing explanatory
variables.

†Odds ratios were adjusted for all other variables listed as well as for study site and study year; analysis was restricted
to women tested during active labor (those tested post partum were excluded). Reported odds ratios should not be
misinterpreted as relative risks.11

‡Weekend considered from Friday at 5 PM to Monday at 6 AM.
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receive antiretroviral prophylaxis and
be referred for comprehensive medi-
cal care and follow-up.
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