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Abstract

Background: Rapid HIV testing late in pregnancy or at delivery provides a final opportunity (among non-breast-
feeding mothers) to identify HIV-infected women and initiate antiretroviral drugs to prevent mother-to-child transmission.

Methods: MIRIAD was a CDC-funded study conducted from 2001-2005 at 17 hospitals in 6 US cities. Eligible
women had undocumented HIV status when presenting in labor or after 34 weeks gestation and not in labor. We
performed both rapid HIV-1 antibody testing of blood and conventional enzyme immunoassay with Western blot
confirmation. Women and infants were managed according to the local standard of care. Infant infection status was
determined by HIV DNA or RNA PCR testing.

Results: Fifty-one infants (1 pair of twins) were born to 50 women. Among those with data available, 17% of
women received prenatal antiretroviral and 71% received intrapartum antiretroviral, including 64% of those identified
during labor. All 49 infants with available data received antiretroviral. Forty-four infants had adequate samples to
determine their infection status and 5 were infected (11.4%, 95% CI: 1.9 - 20.7%); 3 had in utero, 1 intrapartum, and
1 indeterminate timing of transmission. No infant whose mother received prenatal antiretroviral was infected. The
estimated rate of intrapartum transmission among infants with defined infection status was 4.5%.

Conclusions: Rapid HIV testing late in pregnancy or even during labor, allowing the administration of antiretroviral
to infected women, reduces intrapartum HIV transmission. This highlights the importance of offering rapid HIV testing

to pregnant women, with unknown HIV status late in pregnancy.
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Introduction

In 1994, it was demonstrated that the administration of zidovudine
(ZDV) to the HIV-infected pregnant woman during her second and
third trimesters and to her newborn reduced the rate of mother-to-
child transmission (MTCT) of HIV by two-thirds [1]. ZDV can reduce
the rate of MTCT even when initiated as late as 36 weeks gestation [2].
The use of combination antiretroviral therapy during pregnancy and
delivery has reduced the rate of MTCT to 2% or less [3-5]. Of the fewer
than 150 infants who are estimated to acquire perinatal HIV in the US
each year, approximately one-third are born to mothers with unknown
HIV status and therefore could not benefit from interventions to
prevent MTCT [6-8].

Rapid HIV testing late in pregnancy or at delivery provides a final
opportunity (among non-breast-feeding mothers) to diagnose HIV
and prevent MTCT. Antiretroviral drugs (ARV) administered to the
woman during labor and to her infant following delivery can reduce
the risk of MTCT [9]. Even when administered only to the infant
following delivery, ARVs can reduce the rate of MTCT [10,11]. The
Mother-Infant Rapid Intervention at Delivery (MIRIAD) Study was a
Center for Disease Control and Prevention (CDC)-funded multi-site
study to evaluate the feasibility and acceptability of rapid HIV testing in
late pregnancy or during labor among pregnant women with unknown
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HIV status. The intervention has been described previously [12,13].
We now present the infection status of the infants and explore factors
associated with MTCT.

Materials and Methods

Study procedures

The MIRIAD study was conducted between November 2001 and
February 2005 at 17 hospitals in six cities in the US. Pregnant women
were eligible for enrollment if their HIV infection status during the
current pregnancy was not documented in their medical record and:
(1) they first presented for prenatal care at or beyond 34 weeks gestation
but before the onset of labor (the Late Presenting Group); or (2) they
presented in labor at or beyond 24 weeks gestation (the Peripartum
Group). The protocol was approved by the Institutional Review Boards
of the CDC and participating institutions and written informed consent
was obtained from each participant. Participants were offered HIV
counseling and voluntary rapid HIV testing. Sites were encouraged to
retest women in the third trimester if they had a negative test earlier in
the pregnancy and those with a positive test were eligible for enrollment
into the Late Presenting Group. Further details of the study and results
of maternal HIV testing have been reported previously [12,13]. This
analysis focuses on the HIV-exposed infants born to the women found
to be HIV-infected. The HIV-infected pregnant women and their
infants were managed according to the local standard of care, including
the administration of ARV for prevention of MTCT. The maternal and
infant medical histories were abstracted from the medical record and
recorded on standardized forms. Combination antiretroviral therapy
(cART) was defined as at least three ARV drugs from at least two classes.

Maternal evaluations

The enrolled women were evaluated at study entry, 2 weeks post-
entry (if still pregnant), during labor and delivery, and at specified
intervals until 24 month following delivery. At specified visits, plasma
RNA viral load and lymphocyte subsets were determined. Peripheral
blood mononuclear cells (PBMCs) and plasma were stored at -70°C.
Vaginal swabs were collected at entry, 2 weeks post-entry if still
pregnant, and during labor. Vaginal secretions were eluted from the
swab and cell and supernatant fractions were stored separately at
-70°C. The HIV viral load of the vaginal secretions was performed as
previously described [14]. Cord blood was collected at delivery after
thorough cleaning of the cord surface and the plasma was stored at
-70°C. For women undergoing Cesarean delivery, amniotic fluid was
collected by aspiration and frozen at -70°C.

Infant evaluations

The infants were evaluated at the following ages: 0-48 hours,
2 weeks, 4 weeks, 6 weeks, 3 months, 6 months, and then every 3
months for infected infants and every 6 months for uninfected infants
until 24 months of age. The HIV-1 infection status of the infants was
determined by the presence of HIV-1 DNA in PBMCs or plasma RNA
from blood collected prior to 48 hours of age, at 2, 4, and 6 weeks of age
and at each subsequent visit until the infection status of the infant was
determined. Infants were defined as HIV-infected if 2 separate blood
specimens drawn on different days were both positive for HIV DNA
or RNA (>10,000 copies/mL) [15]. Cord blood was not used to define
infant infection status. An infected infant was further classified as
having an in utero infection if a blood sample obtained within 48 hours
of birth was positive for HIV DNA or RNA. An infected infant was
classified as having an intrapartum infection if a blood sample collected
within 7 days of birth was negative for HIV DNA or RNA [16]. An

infected child who did not have a blood sample available within 7 days
of birth had undefined timing of transmission. A child was defined
as HIV-uninfected if the child had never breast fed and had 2 blood
samples which were negative for HIV-1 DNA or RNA, one of which
was collected when the child was at least 6 weeks of age. In addition, an
uninfected child could not have any test indicating the presence of HIV
(e.g., culture, p24 antigen, or DNA or RNA PCR). A child who failed
to meet these definitions was considered to be of indeterminate HIV
infection status.

Viral sequence analysis

The sequence of the V3 region of the HIV envelope gene from
reverse-transcribed cell-free virus or PMBC genomic DNA was
determined as previously described [14]. Viral diversity was determined
by comparing viral sequences from maternal and infant samples using
MacVector, version 7.2.3 (Accelrys, San Diego, CA).

Data analysis

Data analysis was conducted using SPSS statistical software. Data
was tabulated and presented as proportions, medians, and ranges.

Results

Fifty-four HIV-infected pregnant women were identified, of whom
50, and their 51 infants, were eligible for this analysis (Figure 1). Of
the 4 women who were not eligible, 2 were lost to follow-up prior to
delivery, 1 did not have rapid testing and was not tested until 5 days after
delivery, and 1 was found to be infected 1 month following delivery.
Both infants born to the 2 mothers excluded from this analysis but not
lost to follow-up prior to delivery were confirmed to be uninfected.
Of the 50 eligible women, 11 were in the Late Presenting Group and
39 in the Peripartum Group (Figure 1, Table 1). Four women in the
Peripartum Group had a documented primary HIV infection during
the pregnancy; 1 was among the 4 ineligible women.

Late presenting group (Table 1)

Nine of the 11 women in the Late Presenting group had ARV data;
5 received prenatal ARV and 9 received intrapartum ARV. All 9 infants
with ARV data received preventive ARV following delivery and all 11
infants were confirmed to be uninfected.

54 HIV-
infected
Women

50 eligible
4 women not women

eligible )
(51 infants)
|

Late Presenting
Group

11 women & infants

Peripartum Group

39 women & 40
infants”

7
[ 5 infected J 28 uninfected [indewrmimale

11 uninfected

infants infants infants infants T

3 in utero
infection

1 intrapartum
infection
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timing

* Includes one set of twins

1 in utero infection excluded in 6 infants

Figure 1: MIRIAD Study 2001-2005: derivation and outcomes of the HIV-
infected women and their infants.
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Peripartum group (Table 1)

Three of the 39 women in the Peripartum Group had premature
labor that was stopped, allowing them to receive prenatal ARV, and
25 received intrapartum ARV. Of the 14 women who did not receive
intrapartum ARV, 9 were identified as being HIV-infected postpartum,
1 delivered at home, and 4 delivered before they were able to receive
ARVs. One woman delivered twins.

All 40 infants in the Peripartum Group received preventive ARV
following delivery. Thirty-three infants had a confirmed infection status
with 5 (15%) infected and 28 (85%) uninfected (including both twins).
(Table 2) Of the 3 infants born to a mother with a documented primary
HIV infection during the pregnancy, 1 (infant B, Table 2) was infected.
Three infected infants (A, B and C) had in utero transmission, 1 (D)
had intrapartum transmission, and 1 (E) had indeterminate timing of
transmission.

Late Presenting Group, n (%)

Women "=

Prenatal ARV 5/9 (56%)
cART 3/5 (60%)

Intrapartum ARV 9/9 (100%)
Cesarean section 6/11 (55%)
Infants 11>
Infant ARV 9/9 (100%)
Infected infants 1 0/11 (0%)
ARV: Antiretroviral; cART: Combination Antiretroviral Therapy
* Denominator changes due to missing data

1 1 set of twins in Peripartum Group, both confirmed to be uninfected
1 Among 44 infants with defined infection status

All 7 infants with an indeterminate HIV infection status were lost
to follow-up prior to 6 weeks of age and intrapartum infection could
not be excluded. However, 6 had negative PCR results which ruled-out
in utero infection (5 at < 48 hours and 1 at 8 days of age). The seventh
infant had no PCR testing.

Characteristics of infants with defined infection status and
their mothers (Table 3)

Overall, 44 infants had adequate samples to determine their
infection status and five were infected (11.4%, 95% confidence interval
1.9 - 20.7). Details of infants A-C have been published previously
[14]. Selected clinical and demographic characteristics of the infected
and uninfected infants and their mothers, including risk factors for
MTCT, are presented in Table 3. The majority of mothers were African-
American; 58% received no prenatal care, most delivered at term and
42% had a Cesarean delivery. Eighteen percent of the mothers received

Peripartum Group, n (%) Total, n (%)

39 50 *
3/38 (8%) 8/47 (17%)
2/3 (67%) 5/8 (63%)

25/39 (64%) 34/48 (71%)
14/39 (36%) 20/50 (36%)
40 *t 51*t
40/40 (100%) 49/49 (100%)
5/33 (15%) 5/44 (11%)

Table 1: Maternal and infant antiretroviral and infant infection status by study group, MIRIAD Study, 2001-2005.

Mother/Infant Pair

B* Cc D E

Mother
Timing of HIV diagnosis (hours before delivery) 4 23 9 Post-partum
Prenatal ARV none none none none none
Intrapartum ARV ZDV ZDV, NVP ZDV, NVP ZDV none
VL closest to delivery (copies/mL) 8,140 2,630 10,100 44,600 18,947
(days following delivery) (0) 0) (19) (1)
CD4 count closest to delivery (cells/pL) 289 141 163 758
(days following delivery) (0) (3) (19) (1)
Duration of ruptured membranes (hours) NA 7.9 16.2 0.1
Delivery Mode Vaginal Cesarean Vaginal Vaginal Vaginal
Vaginal VL closest to delivery (copies/mL) 2,580 1,660 342 t NA

Number of Sexually Transmitted Infections recorded during pregnancy NA NA 1 0
Substance use at delivery f negative NA cocaine negative NA
Infant

Sex F M F M
Gestational age (weeks) NA 36 38 36
Preventive ARV ZDbV ZDV, SD-NVP ZDV, SD-NVP ZDV, SD-NVP ZDbV
Cord Blood VL (RNA copies/ mL) NA 12,000 <50 § NA
First positive DNA PCR (day of life) 1 1 48 16 #
Timing of transmission in utero in utero in utero Intrapartum & | Indeterminate #

NA: Not Available; Date of life: Day of birth is day 1; VL: HIV Viral Load; ARV: Antiretroviral

* Mother had a documented primary HIV infection during pregnancy
1 From day 5 post-partum

1 Urine screen on mother and/or infant

§ Below lower limit of detection

# No newborn testing. Also positive plasma HIV RNA (2392 copies/mL) on day 16 of life

& Negative HIV DNA testing on days 1 and 18 of life

Table 2: Clinical characteristics of the 5 HIV-infected infants and their mothers, MIRIAD Study, 2001-2005.
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Uninfected infants t Infected
Infants
MOTHERS (n=43) n=381% n=5%
Age (median, range) 26 (16-41) 25 (23-45)
Race / Ethnicity
Black/African American, n (%) 33 (87%) 4 (80%)
White, not Hispanic, n (%) 2 (5%) 0
Hispanic, n (%) 3 (8%) 0
Unknown, n (%) 0 1(20%)
Self-reported substance use during pregnancy
Alcohol, n (%) 4/33 (12%) 0/3
Marijuana, n (%) 5/33 (15%) 0/3
Cocaine or heroin, n (%) 7134 (21%) 1 (20%)
Substance use testing at delivery, n (%)
Cocaine, n (%) 5/21 (24%) 1/3 (33%)
Cocaine and marijuana, n (%) 4/21 (19%) 0/3
Opiates and barbiturates, n (%) 1/21 (5%) 0/3
STI during pregnancy, n (%) 8/33 (24%) 2/3 (66%)
New sex partners during pregnancy, n (%) 1/33 (3.0%) 0
Primary HIV infection during pregnancy, n (%) 2 (5.3%) 1(20%)
No prenatal care, n (%) 20/36 (56%) 2/2 (100%)
Prenatal ARV, n (%) 7/35 (20%) 0
cART, n (%) 417 (57%) 0
Intrapartum ARV, n (%) 23/34 (68%) 4 (80%)
CD4 count closest to delivery
Median (cells/mm?, range) 315 (77-1849) 241 (141-758)
< 200 cells/mm?, n (%) 4/26 (15%) 2 (40%)
200 - 349 cells/mm?®, n (%) 11/26 (42%) 2 (40%)
2 350 cells/mm?, n (%) 11/26 (42%) 1(20%)
Viral load (copies/mL) at delivery (median, range) 11,032 45,263
(<50-66,300) (18,947-287,000)
(n=22) (n=4)
Rupture of membranes prior to delivery, n (%) 14/34 (41%) 3/4 (75%)
Rupture of membranes > 4 hours, n (%) 9/31 (29%) 3/4 (75%)
Delivery Mode
Vaginal, n (%) 21 (55%) 4 (80%)
Cesarean, n (%) 17 (45%) 1 (20%)
Procedure during labor, n (%) 3/37 (8%) 1/4 (25%)
Fetal scalp electrode, n (%) 1137 (3%) 1/4 (25%)
Fetal pulse oximetry, n (%) 1137 (3%) 0
Intrauterine catheter, n (%) 1137 (3%) 0
Maternal Intrapartum ARV, n (%) 23/34 (68%) 4 (80%)
Breast feed, n (%) 0/36 0
INFANTS (N=44) N=39% N=5%
Male sex, n (%) 17/36 (47%) 3 (60%)
Median Gestational Age in weeks (range) 38 (27-41) 38 (36-40)
(n=38) (n=4)
Infant Postnatal ARV, n (%) 37/37 (100%) 5 (100%)
Duration of follow-up in months (median, range) 12 (6-30) 24 (6-30)
(n=33)

STI: Sexually Transmitted Infections; ARV: Antiretrovirals; cART: Combination Antiretroviral Therapy

*Excludes 7 mother-infant pairs where infant is of indeterminate infection status
1 Includes one set of twins

I N is total group unless otherwise indicated. Denominator changes due to missing data
Table 3: Selected characteristics of the 44 infants with confirmed infection status and their mothers, MIRIAD Study, 2001-2005.*

prenatal ARV and 69% received intrapartum ARV. All of the infants
received preventive ARV in the newborn period. The mothers of the
infected infants, as compared to those of uninfected infants, had a
lower median CD4 cell count and a higher median HIV plasma viral
load around delivery; a greater proportion had membranes ruptured
for more than four hours, had a vaginal delivery, and had a sexually
transmitted infection during the pregnancy. The rates of substance use
were similar in the two groups.

Comparison of viral sequences of infected infants and their
mothers (Table 2)

The mother of infant A (in utero transmission) had detectable
HIV RNA in plasma and vaginal fluid at delivery and her infant had
detectible viral RNA in cord blood (465 copies/mL) and a positive
blood DNA PCR at 1 day of age. No amniotic fluid was collected. The
V3 amino acid sequences of viruses from baby’s plasma were highly
similar and were identical to those found in maternal vaginal fluid.
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Viral sequences in maternal blood were similar to those found in the
infant and vaginal fluid, but varied by up to 6% [14].

The mother of infant B (in utero transmission) had a documented
primary HIV infection during pregnancy. She had detectable HIV in
plasma, vaginal fluid, and amniotic fluid (50 copies/mL) at delivery. The
viral sequences in infant plasma collected one month after birth were
identical to those found in amniotic fluid as well as to the proviral DNA
sequences found in maternal PBMC DNA at delivery. Viral sequences
in maternal plasma and vaginal secretions were more diverse, but
contained genotypes highly similar to those found in the infant (3-5%
divergent). [14].

The mother of infant C (in utero transmission) had detectable HIV
in plasma and vaginal fluid at delivery. Her infant had detectible viral
RNA in cord blood (12,000 copies/mL) and DNA in blood obtained at 1
day of age. By sequencing, two virus genotypes were found in both cord
blood and the infant’s plasma (obtained at 4 weeks of age) that differed
by 33% over the V3 region that was analyzed. One infant genotype was
identical to the predominant viral sequences in maternal plasma and
vaginal secretions at the time of delivery. The second infant genotype
was identical to proviral DNA sequences amplified from the mother’s
PBMC at the time of delivery [14].

The mother of infant D (intrapartum transmission) had detectible
HIV in vaginal fluid five days post-partum and a plasma viral load
of 44,600 copies/mL 19 days post-partum. Her infant had a fetal
scalp electrode applied during labor and a vaginal delivery following
16.2 hours of ruptured membranes, both risk factors for intrapartum
transmission. The infant had no detectible HIV RNA in cord blood (<50
copies/mL) and HIV DNA PCR testing of blood was negative on days
1 and 19 and positive on day 438 of life. By sequencing, the viruses from
vaginal fluid were highly divergent over the V3 region (36% diversity)
from those found in baby’s plasma on day 48. No maternal plasma virus
was available for sequencing.

The mother of infant E (indeterminate timing of transmission)
was found to be infected following delivery and had no intrapartum
samples. Her infant had a first DNA PCR test positive on day 16 of life;
no blood samples were available prior to day 16. On day 23, the child
had detectible HIV RNA in plasma (2,350 copies/mL). The V3 amino
acid sequence of the virus from the infant’s plasma at 23 days of age
was identical to that found in maternal plasma obtained at 55 days after
delivery.

Discussion

The MIRIAD study confirms the feasibility and effectiveness of
rapid HIV testing late in pregnancy to identify HIV-infected women,
allowing for the initiation ARV for PMTCT. We were able to administer
preventive ARV to 71% of all infected pregnant women prior to delivery
and to all of their infants with available data. Among the Late Presenting
group who were tested prior to the onset of labor, all of the infected
mothers and their infants with available data received preventive ARV
and no mother transmitted HIV to her infant.

Among the Peripartum Group, rapid testing following the onset of
labor allowed 64% of the infected mothers and all of their infants to
receive preventive ARV, resulted in a MTCT rate of 15% (Table 1). This
rate is similar to that of 11.8% observed in the Uganda HIVNET 012
trial, in which SD-NVP was administered to women following onset of
labor and their infants, supporting the value of rapid testing following
the onset of labor [17]. Even when administered only to the exposed
infant following delivery, ARVs can reduce the rate of MTCT [10]. A

study conducted in Brazil and South Africa (HPTN 040) demonstrated
that among infants born to HIV-infected mothers who did not receive
ARYV, postpartum combination ARV is significantly more effective than
ZDV alone in preventing intrapartum transmission [11]. Thus, rapid
testing of women of unknown HIV status during labor affords a final
opportunity to reduce the risk of MTCT.

In the absence of breast feeding and preventive ARV, among infants
ultimately shown to be infected, approximately one-third have in utero
transmission, defined as having virus detected within the first 48 hours
of life [16,18]. The remaining two-thirds of infected infants have virus
first detectible at 4-6 weeks of life and are believed to have intrapartum
transmission through exposure to maternal blood and secretions
during labor and delivery. It is likely that most in utero transmission
occur late in pregnancy, explaining why infected infants rarely have
clinical abnormalities or suppressed CD4+ lymphocyte counts at birth
[19]. Maternal prenatal combination ARV, as currently recommended
to prevent MTCT, will prevent both in utero and intrapartum
transmission [18,20]. However, interventions initiated near delivery,
such as an elective Cesarean delivery or intrapartum ARV, can only be
expected to prevent intrapartum transmission.

Fifty of the 51 infants (excluding only infected infant E) had samples
necessary to identify an in utero infection - either uninfected or infected
with a sample obtained at < 48 hours of age - and 3 had a confirmed
in utero infections, giving an in utero transmission rate of 6.0% (3/50)
overall and 7.7% (3/39) among those in the Peripartum Group. These
rates are similar to the in utero transmission rates reported prior to the
use of prenatal ARV [9,21]. This is expected since, in the absence of
prenatal ARV, ARV administered during labor cannot be expected to
interrupt in utero transmission.

Among the 44 infants with defined infection status (excluding
the 7 with indeterminate infection status and assuming that infant
E had intrapartum transmission), the upper estimate of the overall
intrapartum transmission rate is 4.5% (2/44, including the three
infants with in utero transmission) and 6.1% (2/33) among those in
the Peripartum Group. This intrapartum transmission rate is similar to
that found in studies that administered only maternal intrapartum and
newborn ARV and is substantially lower than that observed without
ARV prophylaxis [18,22-26].

Comparison of the viral sequences of maternal and infant viruses
can help elucidate the mechanism of MTCT [14]. Infant viral sequences
were closely related or identical to those of mother’s virus in four of
the five mother/infant pairs. In pair C, the infant was infected with
two distinct viral genotypes, each corresponding to virus present in
different maternal compartments. This suggests that the infant was
infected with two distinct maternal viruses [14]. In pair D, maternal
virus from vaginal fluid obtained after delivery differed from that
present in her infant’s blood, suggesting that, despite intrapartum
transmission, the infant was infected by a virus present in a different
maternal compartment than the vagina. Although all mothers were
advised against breast feeding, transmission by breast feeding cannot
be definitively excluded for infant D.

The five transmitting mothers, when compared to non-transmitting
mothers, exhibited several of the known risk factors for MTCT,
including a low CD4+ count and elevated plasma viral load at delivery,
a vaginal rather than a Cesarean delivery, prolonged rupture of
membranes, no prenatal ARV, and in one case, a fetal scalp electrode
[1,9,27-31]. Because of the small number of infected infants, a formal
analysis of risk factors for transmission could not be conducted.
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Limitations of the study include missing data, a small number of
infected infants, and use of a convenience sample of clinical sites, which
may limit the generalizability of the results. However, the sites are
experienced in providing HIV care and have access to large numbers
of HIV-infected women. Finally, the estimated rates of MTCT would be
misleading if the 7 infants with indeterminate infection status were not
representative of the total group.

Conclusions

Rapid HIV testing of women of unknown HIV status late in
pregnancy or during labor, with the administration of ARV to infected
women, has little effect on in utero transmission of HIV but is effective
in reducing intrapartum transmission. This highlights the importance
of establishing systems to ensure that all women of unknown HIV
status are offered HIV testing during pregnancy, including those in
labor, so that effective PMTCT regimens can be initiated [32]. Even
when performed after the onset of labor, rapid testing allows for the
administration of ARV which will reduce the risk of intrapartum MTCT.
These findings also support the importance of repeat HIV testing late
in pregnancy for women who tested negative earlier in the pregnancy,
as is currently recommended if at increased risk of HIV infection [33].
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