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The perinatal HIV epidemic began in the
United States in 1977. Currently, an estimated
6000 to 7000 births occur annually to HIV-
infected women.1–3 Beginning in the mid-
1990s, the use of antiretroviral therapies to
prevent perinatal HIV transmission resulted
in a decline in the number of perinatally HIV-
infected infants born each year in the United
States, from an estimated 1000 to 2000 in
the early 1990s to 100 to 200 in 2005.3,4

Successes in prevention of perinatal HIV
transmission were first shown in 1994 with
the landmark Pediatric AIDS Clinical Trials
Group Protocol 076 Study of prenatal, intra-
partum, and neonatal treatment with zidovu-
dine5,6 and subsequently with regimens con-
taining prenatal zidovudine in combination
with other antiretroviral agents.7 Short-course
antiretroviral therapies were also effective in
reducing perinatal HIV transmission.8–13 In
1999, recommendations were made by the
American College of Obstetricians and Gyne-
cologists that HIV-infected pregnant women
be offered scheduled cesarean delivery for
perinatal HIV prevention.14 The recommenda-
tions were refined in 2000 to offer scheduled
cesarean delivery for women with HIV RNA
levels above 1000 copies/mL,14,15 a level that
carries an increased risk of perinatal HIV
transmission.16–19

Since the beginning of the perinatal HIV
epidemic in the United States, New York City
has been at its epicenter. As of 2003, 22%
of the cumulative US pediatric AIDS cases
were reported from New York City.20 Since
1988, the New York State Department of
Health has tested all newborns for HIV expo-
sure, initially as a blinded serosurvey and
since 1997 through the Comprehensive
Newborn Screening Program, allowing
for identification of all perinatally HIV-
exposed infants.21,22 We investigated trends
in interventions for perinatal HIV preven-
tion in New York City over a 10-year
period.

METHODS

The New York City Department of Health
and Mental Hygiene HIV Epidemiology Pro-
gram has been conducting routine citywide
surveillance for AIDS since 1981 and for
HIV infection since June 2000. Since 1989,
the program has participated in Centers for
Disease Control and Prevention (CDC)–
funded pediatric HIV/AIDS surveillance proj-
ects at 22 New York City sites. The 22 sites
include both private and public hospitals. The
sites provide medical care to approximately
two thirds of children exposed to and infected
with HIV in New York City.

Study Population and Data Collection

The study population included all known
HIV-exposed singleton births that occurred
in 1994 to 2003 at the 22 New York City
surveillance sites. ‘‘HIV-exposed births’’

were births in which the infant was born
to an HIV-infected mother. The percentage
of New York City HIV-exposed births evaluated
was calculated by using the total number of
New York City HIV-exposed births available
from New York State’s newborn HIV serosur-
vey and Comprehensive Newborn Screening
Program data as the denominator.

The HIV infection status was determined
according to the CDC definition,23 with a
modification for ‘‘presumed uninfected,’’ de-
fined as at least 2 negative DNA polymerase
chain reaction tests performed at age 1 month
or older and at age 2 months or older and no
HIV diagnostic tests with positive results.

Medical records of HIV-infected children
were reviewed every 6 months unless the
child was no longer in care at 1 of the 22
sites or had died. Medical records of HIV-
exposed, HIV-uninfected, or HIV-indeterminate
children were reviewed until the child
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was aged 2 years. Children lost to follow-up
before determination of their HIV status re-
mained categorized as indeterminate.

Data on maternal characteristics were ob-
tained from the pediatric medical records and
included receipt of prenatal care (care in addi-
tion to pregnancy testing), timing of maternal
HIV diagnosis, prenatal and intrapartum anti-
retroviral drug use, and mode of delivery. Data
on maternal illicit drug use—including injection
drug use, crack cocaine use, and use of other
street drugs—were collected. Data were not col-
lected on maternal adherence to prenatal anti-
retroviral therapies or on maternal clinical, im-
munologic, or virologic status. Data on infants
included race/ethnicity, source of medical in-
surance if any, gestational age, neonatal anti-
retroviral drug use, dates of antiretroviral drug
use, whether they were breastfed (but not dura-
tion), and infant HIV-infection status. ‘‘Three-
arm therapy’’ refers to therapy prescribed dur-
ing the prenatal, intrapartum, and neonatal
periods. Pediatric source of medical insurance
was used as a proxy for maternal source of
medical insurance and infant race/ethnicity as
a proxy for maternal race/ethnicity.

Data Analysis

We examined trends in interventions for
perinatal HIV prevention over a 10-year
period for 1994 to 2003. The first recom-
mendations to use zidovudine to prevent peri-
natal HIV transmission were made at the be-
ginning of this period.6 We divided the study
period into 2 periods, 1994 to 1996 and
1997 to 2003, representing periods before
and after the start of the New York State
Comprehensive Newborn Screening Program.
Only the 1997 to 2003 cohort was ana-
lyzed for perinatal HIV transmission rates.
Before 1997 and before the establishment
of routine screening for perinatal HIV expo-
sure, the identification of older HIV-infected
infants was a more usual finding than the
identification of HIV-exposed, HIV-uninfected
newborns. Including the 1994 to 1996 cohort
in the transmission rate analyses would have
artificially increased transmission rates be-
cause it would not account for infants who
were not known to be exposed and unin-
fected. Analyses of interventions for perinatal
HIV prevention excluded births with un-
known receipt of prenatal care. We combined

the answers ‘‘no report of illicit drug use spec-
ified’’ and ‘‘no mention of illicit drug use’’ into
1 category for analyses.

A 3-step hierarchy based on the Institute of
Medicine hierarchy of interventions (routine
care, screening, and treatment steps) for peri-
natal HIV prevention was created to assess
the contribution of missed opportunities for
perinatal HIV prevention to perinatal HIV
transmission24: (1) provision of prenatal care,
(2) identification of HIV-infected women
among women in prenatal care, and (3) provi-
sion of prenatal antiretroviral drug therapy
among women in prenatal care identified
as HIV-infected. ‘‘Perinatal HIV-prevention
failures’’ refers to infants who became HIV-
infected despite undergoing all 3 steps and
the completion of 3-arm antiretroviral ther-
apy. Births with incomplete information on
these events were excluded from analysis.

For the 1997 to 2003 birth cohort, we
used multiple logistic regression analyses to
evaluate factors associated with outcomes of
perinatal transmission prevention failures,
lack of prenatal care, and perinatal HIV
transmission. For the logistic regression
analyses, the adjusted odds ratios (ORs) and
the corresponding 95% confidence intervals
(CIs) are presented with the corresponding
data. Variables for the logistic regression
models were determined from the available
literature,16 and their significance was deter-
mined with univariate analyses. Year of in-
fant birth, source of medical insurance, and
race/ethnicity were confounders.

RESULTS

During 1994 to 2003, 5295 HIV-exposed
births were identified at the 22 New York City
surveillance sites (67% of all New York City
HIV-exposed births from 1994 to 2003). Dur-
ing 1994 to 1996, HIV-exposed births at the
22 sites represented 54% of New York City
HIV-exposed births, and during 1997 to 2003
represented 74% of such births. Among the
5295 HIV-exposed infants, 4729 (89%) were
singleton births, 165 (3%) were multiple births,
and 401 (8%) had an unknown birth type.
We analyzed only the 4729 singleton births
(which comprised 60% of all New York City
HIV-exposed births during that time: 1378
births during 1994 to 1996, and 3351 births

during 1997 to 2003). Figure 1 depicts the
analytic cohorts of this study with regard to
prenatal care, mode of delivery, and determi-
nation of perinatal HIV transmission rates by
type of prenatal, intrapartum, and neonatal
antiretroviral use. Table 1 shows infant and
maternal characteristics of the 4729 singleton
births by birth cohort. Overall, infant race/
ethnicity was predominantly Black (n=3080;
65%) and Hispanic (n=1435; 30%). Medical
insurance was predominantly provided through
Medicaid or other public funding. The percent-
age of infants with a birthweight of 2500 g or
more increased from 70% during 1994 to
1996 to 76% during 1997 to 2003.

Maternal injection drug use decreased from
23% in 1994 to 4% in 2003, and the use of
crack cocaine and other street drugs decreased
from 23% in 1994 to 15% in 2003. Injection
drug use was reported for 374 mothers (8%).
Any illicit drug use (injection drug use, crack
use, and use of other street drugs) was reported
for 26% of mothers (37% during 1994–1996
and 21% during 1997–2003).

From 1994 to 2003, data on breastfeeding
were available for 3923 infants (83%), and
87 of the 3923 infants (2%) were breastfed.
No infant was breastfed in 2003.

Receipt of Prenatal Care

Prenatal care data were available for 3685
mothers (78%). Among women with data,
3384 (92%) had received prenatal care and
301 (8%) had received no prenatal care;
prenatal care receipt increased from 81% to
87% during 1994 to 1996 and from 89% to
95% during 1997 to 2003.

Timing of Maternal HIV Diagnosis

As shown in Table 1, among the whole
sample, timing of diagnosis of HIV infection
before or during pregnancy increased from
75% (n=1028 of 1378) during 1994 to
1996 to 83% (n=2770 of 3351) during
1997 to 2003. Among the 3384 HIV-infected
women in the study who received prenatal
care, the proportion of those diagnosed with
HIV before or during pregnancy increased
from 86% during 1994 to 1996 to 90%
during 1997 to 2003. During 1997 to 2003,
36% of women in the study who received
prenatal care were diagnosed with HIV dur-
ing (vs before) their pregnancies.
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Antiretroviral Therapies

Among the 3384 deliveries in which
mothers received prenatal care, 1204 women
(36%) were prescribed prenatal antiretroviral
regimens containing zidovudine alone (this
decreased from 41% in 1994 to 10% in
2003), 1327 women (39%) were prescribed
prenatal antiretroviral regimens containing zi-
dovudine in combination with other antiretro-
viral drugs (this increased from 0% in 1994
to 76% in 2003), 114 women (3%) were
prescribed antiretroviral regimens that did
not contain zidovudine, 540 women (16%)
did not receive antiretrovirals, and 199
women (6%) were missing data on antiretro-
viral regimens. Among the 1327 zidovudine
combination regimens prescribed, 50% con-
tained a protease inhibitor (of which 92%
also contained a nucleoside analogue), 27%
contained another nucleoside analogue only,
20% contained a nonnucleoside and a nucle-
oside analogue, and 3% contained unspeci-
fied antiretrovirals.

Ascertainment of neonatal antiretroviral
prescription for all infants began in 1995; use
of neonatal zidovudine alone increased from
65% in 1995 to 72% in 2003. Use of neo-
natal zidovudine in combination with other
antiretrovirals began in 1998 and increased
from 0.2% in 1998 to 24% in 2003.

Cesarean Delivery

The proportion of births by cesarean de-
livery increased from 15% in 1994 to 39%
in 1999 (when the American College of Ob-
stetricians and Gynecologists began recom-
mending that scheduled cesarean deliveries

be offered to HIV-infected pregnant women),
and from 47% in 2000 to 55% in 2003.
Among the 808 cesarean deliveries per-
formed during 2000 to 2003, 59% (479)
were performed for HIV transmission preven-
tion only and 5% (41) were planned for HIV
transmission prevention and became neces-
sary for other medical reasons. Other reasons
were obstetric or neonatal complications (145
births; 18%), repeat-elective cesarean delivery
(88; 11%), and reasons unknown (55; 7%).

Perinatal HIV Transmission Rates

Among the 3351 infants born to women
in the sample during 1997 to 2003, 239
were HIV-infected (7%) and 2588 were HIV-
exposed but uninfected (77%). For 524 infants
(16%), HIV status could not be ascertained
through medical record review. The overall
perinatal HIV transmission rate decreased
from 12% in 1997 to 1% in 2003. The
perinatal HIV transmission rate was 4%
among the 2432 infants whose mothers re-
ceived any prenatal antiretroviral drugs, 16%
among the 611 infants whose mothers did
not receive any prenatal antiretroviral drugs,
and 17% among the 308 infants whose
mothers’ prenatal antiretroviral use was un-
known (regardless of intrapartum and neona-
tal antiretroviral therapies).

Perinatal HIV transmission rates were ex-
amined by prenatal, intrapartum, and neonatal
antiretroviral use in 2125 infants (64%) born
during 1997 to 2003 for whom complete
data on maternal and neonatal antiretroviral
drug use were available and for whom zidovu-
dine was included in the regimen. The rate

was 2% (95% CI=0.81, 2.34) for the 1014
deliveries with prenatal zidovudine regimens
with other antiretroviral drugs and intra-
partum and neonatal zidovudine alone; 5%
(95% CI=3.09, 6.17) for the 713 deliveries
with prenatal, intrapartum, and neonatal zido-
vudine alone; 13% (95% CI=5.25, 19.75)
for the 80 deliveries with intrapartum and
neonatal zidovudine alone; and 10% (95%
CI=3.67, 15.69) for the 93 deliveries with
neonatal zidovudine alone prescribed within
24 hours of birth. The rate was 20% (95%
CI=15.17, 25.71) for the 225 deliveries with
no prenatal, intrapartum, or neonatal anti-
retroviral treatment and in which the infants
were evaluated for HIV exposure within 2
months of birth. The rate was 5% for the
119 deliveries with a variety of 3-arm pre-
natal antiretroviral regimens not containing
zidovudine; 5% for the 191 deliveries with
prenatal and neonatal zidovudine in combi-
nation with other antiretroviral drugs and
intrapartum zidovudine; 8% for the 382 de-
liveries with a variety of 1- or 2-arm regi-
mens; and 15% for the remaining 534 deliv-
eries with incomplete data on maternal and
neonatal antiretroviral use.

Infant HIV infection status was further an-
alyzed by mode of delivery in a subset of
854 infants born during 2000 to 2003 (341
cesarean deliveries for HIV transmission pre-
vention as sole indication and 513 vaginal de-
liveries). All deliveries involved 3-arm thera-
pies (prenatal zidovudine in combination with
other antiretroviral drugs in 261 of the ce-
sarean deliveries and 404 of the vaginal de-
liveries) or prenatal zidovudine only (80 of

Note. ARV = antiretroviral; ZDV = zidovudine. Percentages refer to percentage of total births in each category.

FIGURE 1—Analytic cohorts of HIV-exposed singleton deliveries in 22 Sites, by Prenatal Care, Prenatal Antiretrovirals, Mode of Delivery, and

Infant Infection Status: New York City, 1994–2003.
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the cesarean deliveries and 109 of the vagi-
nal deliveries); all deliveries involved intra-
partum and neonatal zidovudine alone. We
did not find a significant difference in trans-
mission rates between cesarean deliveries
for HIV transmission prevention as sole
indication and vaginal deliveries, stratified by
prenatal antiretroviral therapy.

Missed Opportunities and Failures of

Perinatal HIV Prevention

We performed a hierarchical evaluation
of the relative contribution of perinatal HIV

prevention interventions to describe missed
opportunities and failures of perinatal HIV
prevention for infants born during 1997 to
2003. As shown in Table 2, 2547 (76%) of
the 3351 infants born to HIV-infected
women during 1997 to 2003 had complete
data on prenatal and neonatal events. Of
the births, 363 (14.3%) had at least 1
missed opportunity; an additional 337
(13.2%) had incomplete (1- or 2-arm) anti-
retroviral regimens. Among the 363 births
with at least 1 missed opportunity, 63 in-
fants (17.4%) were HIV-infected versus 53

infants (2.9%) among the 1847 deliveries
in which all the recommended perinatal
HIV prevention components were provided
(i.e., perinatal HIV prevention failures). As
shown in Table 2, of the 140 HIV-infected
infants born to HIV-infected women during
1997 to 2003, 45% of their mothers had
missed opportunities, and of the 2013 un-
infected infants from the same group, 11%
of their mothers had missed opportunities
(OR=8.25; 95% CI=5.48, 12.43). The
most common missed opportunities were
lack of prenatal care and failure to make a
prenatal HIV diagnosis despite prenatal
care (Table 2). Among the 337 births with
incomplete antiretroviral regimens, 7% of
infants were infected.

We examined possible factors associated
with perinatal HIV prevention failures, such
as maternal illicit drug use and incomplete
prenatal antiretroviral regimens, in a multi-
variate analysis adjusted for race/ethnicity,
source of medical insurance, mode of deli-
very, birthweight (<2500 g vs ‡2500 g),
and year of infant birth (analysis not
shown). Of 1472 deliveries in which perina-
tal HIV prevention was provided and com-
plete data on all factors were available (50
of the 53 infected infants [94%] and 1422
of the 1540 uninfected infants [92%];
Table 2), maternal illicit drug use was sig-
nificantly associated with perinatal HIV
prevention failures (adjusted OR=2.45;
95% CI=1.30, 4.62) compared with the
group with no report or no mention of illicit
drug use, as were 3-arm antiretroviral regi-
mens with prenatal zidovudine alone versus
3-arm antiretroviral regimens with prenatal
zidovudine in combination with other anti-
retroviral drugs (adjusted OR=1.88; 95%
CI=1.01, 4.62).

Multivariate Analyses

We performed a multivariate analysis to ex-
amine the association between lack of prenatal
care and characteristics including maternal
illicit drug use, race/ethnicity, source of
infant’s medical insurance, and year of infant
birth. Among the 2187 deliveries with com-
plete data on all characteristics during 1997
to 2003, maternal illicit drug use was signifi-
cantly associated with lack of prenatal care
(adjusted OR=5.71; 95% CI=3.83, 8.51) as

TABLE 1—Sample Infant and Maternal Characteristics of HIV-Exposed Singleton Births

(N=4729), by Birth Cohort: New York City, 1994–1996 and 1997–2003

1994–1996, No. (%) 1997–2003, No. (%)

Total births 1378 (100) 3351 (100)

Infant race/ethnicity

Black 856 (62) 2224 (66)

Hispanic 463 (34) 972 (29)

White 43 (3) 103 (3)

Asian/Pacific Islander or American Indian 4 (< 1) 24 (1)

Unknown 12 (< 1) 28 (1)

Birthweight, g

‡ 2500 963 (70) 2546 (76)

1500–2499 268 (19) 576 (17)

< 1500 67 (5) 119 (4)

Unknown 80 (6) 110 (3)

Infant medical insurance

Medicaid or public funding 682 (49) 2785 (83)

Private 29 (2) 182 (6)

None 21 (2) 103 (3)

Unknown 646 (47) 281 (8)

Receipt of prenatal care

Yes 725 (53) 2659 (79)

No 124 (9) 177 (5)

Unknown 529 (38) 515 (16)

Mode of delivery

Vaginal 1078 (78) 1995 (60)

Cesarean section 229 (17) 1256 (37)

Unknown 71 (5) 100 (3)

Timing of maternal HIV diagnosis

Before delivery 1028 (75) 2770 (83)

At delivery 9 (< 1) 71 (2)

After delivery 142 (10) 175 (5)

Timing unknown 159 (12) 282 (9)

Mother refused testing during pregnancy 3 (< 1) 8 (< 1)

Testing information unknown 37 (3) 45 (1)
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well as with lack of medical insurance (ad-
justed OR=2.81; 95% CI=1.32, 5.94).

We also conducted a multivariate analysis
to examine factors associated with preventing
perinatal HIV transmission, including the use
of prenatal antiretroviral therapies and the de-
livery type. Among the 2059 births during
1997 to 2003 with prenatal care and known
infant HIV status (Table 3), the strongest fac-
tor associated with prevention of perinatal
HIV transmission was use of a 3-arm anti-
retroviral regimen, particularly regimens con-
taining prenatal zidovudine in combination
with other antiretroviral drugs. Maternal illicit
drug use and a birthweight of less than 2500
g were significantly associated with transmis-
sion. Transmission rates were similar for
Black and Hispanic infants, but White infants
were 3 times more likely to be infected with
HIV than were Black infants. Compared with
infants in the sample who were born in 2003,
those born during 1997 to 1999 were 3 to 4
times more likely to be infected. Delivery
mode had no significant effect. Eight of the
138 infected and 21 of the 1921 uninfected
infants in this analysis were breastfed, but
breastfeeding was not included in the analysis
because duration data were not collected.

DISCUSSION

Successes in Perinatal HIV Prevention

We provide a comprehensive, historical
perspective on efforts to eliminate perinatal
HIV infection in New York City during a
10-year period. The successful reduction of
perinatal HIV transmission in New York
City is a result of the culmination of efforts
on the part of the medical community and
local and national public health institu-
tions. Improved identification of HIV infec-
tion status before delivery and prenatal
treatment with combination antiretroviral
therapies during pregnancy contributed to
a significant diminution in perinatal HIV
transmission. With effective interventions,
perinatal HIV transmission can be almost
completely prevented.25,26

Successes in preventing perinatal HIV trans-
mission have not been mirrored in resource-
poor countries.27 Breastfeeding is a known
risk factor for perinatal HIV transmission28;
the recommendation to avoid breastfeeding
presents challenges when safe alternatives to
breastfeeding are not readily available and
where breastfeeding is the cultural norm. Nev-
ertheless, the prevention of perinatal HIV

transmission remains an important goal for
public health throughout the world.27

There were declines in both the number of
HIV-exposed deliveries and in perinatal HIV
transmission rates. In New York City, the de-
crease in the number of HIV-exposed deliver-
ies began after 1990 and coincided with the
decrease in the number of mothers with a his-
tory of injection drug use. Although New York
City has the largest HIV-infection epidemic
among injection drug users of any city in the
world, the incidence and the prevalence of HIV
infection among injection drug users decreased
during1990 to 2001.29 We observed a decrease
in perinatal transmission rates starting in 1997,
coinciding with the introduction of prenatal
combination antiretroviral therapy. Similar
trends in decreasing perinatal HIV transmis-
sion rates have been observed throughout the
United States.2,3,30,31 A population-based obser-
vational study showed similar declines through-
out New York State during 1997 to 2000.32

Cesarean deliveries have increased notably
starting in 1999. There was no significant
difference in perinatal HIV transmission rates
with cesarean deliveries compared with vagi-
nal deliveries when stratified by type of pre-
natal antiretrovirals. In the multivariate analy-
sis, type of delivery did not have an effect on
HIV transmission. The interpretation of the
data on cesarean deliveries was limited by
the absence of data on the timing of the
rupture of membranes, the duration of labor,
maternal virologic and immunologic charac-
teristics, or maternal adherence to antiretro-
viral treatments. Data on the duration of
breastfeeding were not collected. Because
the practice of breastfeeding is discouraged
among HIV-infected mothers in the United
States, it is likely that the duration was short
and therefore did not contribute to perinatal
HIV transmission.

Missed Opportunities and Failures of

Perinatal HIV Prevention

There were also missed opportunities for
perinatal HIV prevention. In 1997 to 2003,
14% of the births had at least 1 missed op-
portunity and 17% of the infants born to
mothers with missed opportunities were HIV
infected. The first missed opportunity was
lack of prenatal care. Women with a history
of illicit drug use were about 6 times as

TABLE 2—Infant HIV Infection Status Among HIV-Exposed Singleton Births (n=2547), by

Perinatal HIV Prevention Method: New York City, 1997–2003

Infected,

No. (%)

Uninfected,

No. (%)

Indeterminate,

No. (%)

Total,

No. (%)

Total 140 2013 394 2547

Missed opportunities for perinatal HIV prevention

No prenatal care (Step 1)a 25 (17.8) 109 (5.4) 43 (10.9) 177 (7.0)

Prenatal care but no prenatal HIV diagnosis (Step 2)a 34 (24.3) 98 (4.9) 28 (7.1) 160 (6.3)

Prenatal care and prenatal HIV diagnosis but no

antiretrovirals (Step 3)a

4 (2.9) 15 (0.7) 7 (1.8) 26 (1.0)

Any missed opportunityb 63 (45.0) 222 (11.0) 78 (19.8) 363 (14.3)

Incomplete antiretroviral regimens for perinatal HIV

preventionc

24 (17.1) 251 (12.5) 62 (15.7) 337 (13.2)

Perinatal HIV prevention providedd 53 (37.9) 1540 (76.5) 254 (64.5) 1847 (72.5)

Note. Eight hundred four (24%) of 3351 infants born in the same period have incomplete data.
aThree-step hierarchy based on the Institute of Medicine hierarchy of interventions: (1) provision of prenatal care, (2)
identification of HIV-infected women in prenatal care, and (3) provision of prenatal antiretroviral drug therapy among women
in prenatal care identified as HIV infected.
bAny missed opportunity among infected compared with uninfected infants: odds ratio = 8.25; 95% confidence interval = 5.48,
12.43.
cPrenatal care, prenatal HIV diagnosis, 1- or 2-arm antiretrovirals.
dPrenatal care, prenatal HIV diagnosis, 3-arm antiretrovirals.
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likely to lack prenatal care as women who
had no report or mention of illicit drug use.
We could not evaluate potential barriers
to receiving prenatal care (e.g., language barriers
among non–English-speaking immigrants
and undocumented immigrant status). We
used source of pediatric medical insurance
as a proxy for maternal source of medical
insurance. Lack of medical insurance was a
significant factor associated with lack of pre-
natal care, and we may have underestimated
the proportion of mothers who lacked insur-
ance by using pediatric source as a proxy

for maternal source of medical insurance, such
as might be the case with illegal immigrants.

The second missed opportunity was lack
of HIV testing before delivery. Although the
percentage of HIV-infected women who were
tested for HIV before delivery was high,
those who were not tested contributed sub-
stantially to perinatal HIV transmission. Our
data support the US Public Health Service
guidelines that recommend universal HIV
testing during pregnancy.33,34 The contribu-
tion of the third missed opportunity—i.e., lack
of prenatal antiretrovirals among women in

prenatal care who were diagnosed before
delivery—was small. Although most of the pe-
diatric medical records contained information
on the mothers’ prenatal events, review of
only pediatric records introduced a limitation
on the interpretation of the data.

During 1997 to 2003, HIV infection oc-
curred in approximately 3% of HIV-exposed
infants despite apparent recommended
perinatal HIV prevention measures. Maternal
illicit drug use was highly associated with
these failure cases. Illicit drug use is likely to
interfere with adherence to treatment regi-
mens. Poor compliance may create a potential
for the development of drug resistance and
transmission of a drug-resistant virus.35

Public Health Efforts in Perinatal HIV

Prevention

In New York State, 2 key interventions have
been contributing to the early identification of
perinatally HIV-exposed newborns: In 1997,
universal screening of all newborns for HIV
exposure went into effect, and in 1999, New
York State initiated mandatory expedited HIV
testing of the mother at delivery or of the new-
born at birth in cases where the prenatal HIV
diagnosis is not known. The key to maximizing
perinatal HIV prevention is to provide prenatal
care, to diagnose HIV infection before deliv-
ery, and to offer the most-effective medical in-
terventions. The US Public Health Service first
issued guidelines for universal counseling and
offering of voluntary HIV testing of pregnant
women in 1995 and, subsequently, in 2001,
revised the guidelines to recommend universal
HIV testing of pregnant women.33,36 Since
1996, universal prenatal HIV counseling is
required by regulation in licensed settings in
New York State. In 2003, the CDC restated its
goal of universal HIV testing of all pregnant
women37 and, to achieve this goal, recom-
mended the ‘‘opt-out approach’’ in which
a pregnant woman is notified that an HIV test
will be included in the standard battery of
prenatal tests unless she declines testing. The
CDC recommends routine rapid testing at
labor for women whose HIV status is unknown.
The American College of Obstetricians and
Gynecologists and CDC recommend a routine
second HIV test during the third trimester for
women with HIV risk factors who tested nega-
tive on the first test.34,38

TABLE 3—Factors Associated With Perinatal HIV Transmission Among HIV-Exposed Singleton

Births (n=2059) With Prenatal Care: New York City, 1997–2003

AOR (95% CI) P

Year of birth

1997 3.93 (1.30, 11.93) .02

1998 3.26 (1.06, 10.03) .04

1999 3.33 (1.11, 9.94) .03

2000 2.06 (0.64, 6.58) NS

2001 2.93 (0.95, 8.99) NS

2002 2.42 (0.75, 7.78) NS

2003 (Ref) 1.00

Birthweight, g

< 2500 2.24 (1.50, 3.35) < .001

‡ 2500 (Ref) 1.00

Infant’s race/ethnicity

Black (Ref) 1.00

White 2.72 (1.10, 6.76) .03

Hispanic 1.26 (0.84, 1.88) NS

Infant’s medical insurance

Public (Ref) 1.00

Private 0.84 (0.37, 1.91) NS

None 0.47 (0.11, 1.99) NS

Prenatal interventions

No prenatal HIV testing and no antiretrovirals (Ref) 1.00

Prenatal HIV testing and no antiretrovirals 0.77 (0.29, 2.05) NS

Prenatal HIV testing and 1- or 2-arm antiretroviral regimens 0.18 (0.10, 0.33) < .001

Prenatal HIV testing and 3-arm zidovudine 0.10 (0.06, 0.19) < .001

Prenatal HIV testing and 3-arm combination zidovudinea 0.05 (0.03, 0.11) < .001

Delivery type

Vaginal (Ref) 1.00

Caesarian section 1.10 (0.73, 1.64) NS

Maternal illicit drug use

No report or mention (Ref) 1.00

Yes 1.83 (1.18, 2.82) .007

Note. AOR = adjusted odds ratio; CI = confidence interval; NS = not significant.
aPrenatal zidovudine with other antiretrovirals along with intrapartum and neonatal zidovudine.
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Ongoing perinatal HIV surveillance allows
for monitoring the implementation of guide-
lines to prevent mother-to-child transmission
of HIV and determining factors that may con-
tribute to perinatal HIV transmission (e.g., in-
adequate access to care for pregnant women,
no receipt of antiretrovirals or suboptimal
regimens, barriers to compliance with care,
and maternal illicit drug use). Surveillance
data can reveal areas that need further effort,
especially for hard-to-reach populations. Such
areas include outreach to at-risk pregnant
women (e.g., women who use illicit drugs) and
case management to ensure access to and
compliance with prenatal care, as well as early
identification of HIV infection and access to the
newest interventions available to prevent peri-
natal HIV transmission. j
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Faso: a double-blind placebo-controlled multicentre
trial. DITRAME Study Group. Diminution de la Trans-
mission Mère-Enfant. Lancet. 1999;353:786–792.

11. Lallemant M, Jourdain G, Le Coeur S, et al. A trial
of shortened zidovudine regimens to prevent mother-
to-child transmission of human immunodeficiency virus
type 1. Perinatal HIV Prevention Trial (Thailand) Inves-
tigators. N Engl J Med. 2000;343:982–991.

12. Petra Study Team. Efficacy of three short-course
regimens of zidovudine and lamivudine in preventing
early and late transmission of HIV-1 from mother to
child in Tanzania, South Africa, and Uganda (Petra
study): a randomised, double-blind, placebo-controlled
trial. Lancet. 2002;359:1178–1186.

13. Lallemant M, Jourdain G, Le Coeur S, et al. Single-
dose perinatal nevirapine plus standard zidovudine to
prevent mother-to-child transmission of HIV-1 in Thai-
land. N Engl J Med. 2004;351:217–228.

14. ACOG committee opinion. Scheduled cesarean
delivery and the prevention of vertical transmission of
HIV infection. Number 219, August 1999. Committee
on Obstetric Practice. American College of Obstetri-
cians and Gynecologists. Int J Gynaecol Obstet. 1999;
66:305–306.

15. Committee on Obstetric Practice. ACOG commit-
tee opinion scheduled Cesarean delivery and the pre-
vention of vertical transmission of HIV infection. Num-
ber 234, May 2000 (replaces Number 219, August
1999). Int J Gynaecol Obstet. 2001;73:279–281.

16. Public Health Service Task Force Recommendations
for Use of Antiretroviral Drugs in Pregnant HIV-1-In-
fected Women for Maternal Health and Interventions to
Reduce Perinatal HIV-1 Transmission in the United
States—October 12, 2006. Available at: http://aidsinfo.
nih.gov/contentfiles/PerinatalGL000616.pdf. Accessed
January 31, 2008.

17. Garcia PM, Kalish LA, Pitt J, et al. Maternal levels
of plasma human immunodeficiency virus type 1 RNA
and the risk of perinatal transmission. Women and In-
fants Transmission Study Group. N Engl J Med. 1999;
341:394–402.

18. Ioannidis JP, Abrams EJ, Ammann A, et al. Peri-
natal transmission of human immunodeficiency virus
type 1 by pregnant women with RNA virus loads
< 1000 copies/ml. J Infect Dis. 2001;183:539–545.

19. Mock PA, Shaffer N, Bhadrakom C, et al. Maternal
viral load and timing of mother-to-child HIV transmis-
sion, Bangkok, Thailand. Bangkok Collaborative Perina-
tal HIV Transmission Study Group. AIDS. 1999;13:
407–414.

20. Cases of HIV Infection and AIDS in the United
States, 2003, HIV/AIDS Surveillance Report, 2003.
Available at: http://www.cdc.gov/hiv/topics/
surveillance/resources/reports/2003report/
default.htm. Accessed January 31, 2008.

21. New York State Comprehensive Newborn Screen-
ing Program Annual HIV Summary Reports. Available
at: http://www.health.state.ny.us/diseases/aids/testing/
newborn.htm. Accessed January 31, 2008.

RESEARCH AND PRACTICE

October 2008, Vol 98, No. 10 | American Journal of Public Health Peters et al. | Peer Reviewed | Research and Practice | 1863



22. Committee for the Care of Children and Adolescents
with HIV Infection. HIV Testing and Diagnosis in In-
fants and Children. New York State Department of Health
AIDS Institute Clinical Guidelines 2004. Available at:
http://www.hivguidelines.org/GuidelineDocuments/
p-test.pdf. Accessed January 31, 2008.

23. Guidelines for national human immunodeficiency
virus case surveillance, including monitoring for human
immunodeficiency virus infection and acquired immu-
nodeficiency syndrome. MMWR Recomm Rep. 1999;
48(RR-13):1–27, 29–31.

24. Institute of Medicine and the National Research
Council. Reducing the Odds: Preventing Perinatal Trans-
mission of HIV in the United States. Stoto MA, Almario
DA, McCormick MC, eds. Washington, DCNational
Academy Press; 1999. Available at: http://www.nap.
edu/catalog.php?record_id = 6307#toc. Accessed Janu-
ary 31, 2008.

25. Mofenson LM, McIntyre JA. Advances and re-
search directions in the prevention of mother-to-child
HIV-1 transmission. Lancet. 2000;355:2237–2244.

26. Fowler MG. Prevention of perinatal HIV infection.
What do we know? Where should future research go?
Ann N Y Acad Sci. 2000;918:45–52.

27. Bulterys M, Fowler MG. Prevention of HIV infec-
tion in children. Pediatr Clin North Am. 2000;47:
241–260.

28. Read JS. American Academy of Pediatrics Com-
mittee on Pediatric AIDS. Human milk, breastfeeding,
and transmission of human immunodeficiency virus
type 1 in the United States. American Academy of
Pediatrics Committee on Pediatric AIDS. Pediatrics.
2003;112:1196–1205.

29. Des Jarlais DC, Perlis T, Arasteh K, et al. ‘‘In-
formed altruism’’ and ‘‘partner restriction’’ in the re-
duction of HIV infection in injecting drug users enter-
ing detoxification treatment in New York City,
1990–2001. J Acquir Immune Defic Syndr. 2004;35:
158–166.

30. Fiscus SA, Adimora AA, Funk ML, et al. Trends
in interventions to reduce perinatal human immunode-
ficiency virus type 1 transmission in North Carolina.
Pediatr Infect Dis J. 2002;21:664–668.

31. Centers for Disease Control and Prevention.
Achievements in public health. Reduction in perinatal
transmission of HIV infection—United States, 1985–
2005. MMWR Morb Mortal Wkly Rep. 2006;55:
592–597.

32. Wade NA, Zielinski MA, Butsashvili M, et al. De-
cline in perinatal HIV transmission in New York State
(1997–2000). J Acquir Immune Defic Syndr. 2004;36:
1075–1082.

33. Centers for Disease Control and Prevention. Re-
vised recommendations for HIV screening of pregnant
women. MMWR Recomm Rep. 2001;50(RR-19):
63–85.

34. Branson BM, Handsfield HH, Lampe MA, et al.
Revised recommendations for HIV testing of adults,
adolescents, and pregnant women in health-care set-
tings. MMWR Recomm Rep. 2006;55(RR-14):1–17.

35. Pillay D. The emergence and epidemiology of re-
sistance in the nucleoside-experienced HIV-infected
population. Antivir Ther. 2001;6(suppl 3):15–24.

36. US Public Health Service recommendations for
human immunodeficiency virus counseling and

voluntary testing for pregnant women. MMWR Recomm
Rep. 1995;44(RR-7):1–15.

37. Centers for Disease Control and Prevention. Ad-
vancing HIV prevention: new strategies for a changing
epidemic—United States, 2003. MMWR Morb Mortal
Wkly Rep. 2003;52:329–332.

38. ACOG Committee on Obstetric Practice. ACOG
committee opinion number 304, November 2004.
Prenatal and perinatal human immunodeficiency virus
testing: expanded recommendations. Obstet Gynecol.
2004;104:1119–1124.

This new publication is a compilation of 
essays and case studies regarding research

initiatives undertaken by university public
health researchers and social scientists partnered
with community organizations. By integrating
the perspectives of the both parties, experiences
and lessons learned across diverse situations are
expertly shared. 

ISBN 0-87553-179-2
2001  ❚ 260 pages ❚ softcover
$31.95 APHA Members
$41.50 Nonmembers
plus shipping and handling

Collaborative Research
University and Community Partnership

Edited by Myrtis Sullivan, MD, MPH,
and James G. Kelly, PhD

ORDER TODAY!
American Public Health Association
Publication Sales
Web: www.apha.org
E-mail: APHA@pbd.com
Tel: 888-320-APHA
FAX: 888-361-APHA

CR02J1

RESEARCH AND PRACTICE

1864 | Research and Practice | Peer Reviewed | Peters et al. American Journal of Public Health | October 2008, Vol 98, No. 10


