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ABSTRACT. In 1994, the US Public Health Service
published guidelines for the use of zidovudine to de-
crease the risk of perinatal transmission of human im-
munodeficiency virus (HIV). In 1995, the American Acad-
emy of Pediatrics and the US Public Health Service
recommended documented, routine HIV education and
testing with consent for all pregnant women in the
United States. Widespread incorporation of these guide-
lines into clinical practice has resulted in a dramatic
decrease in the rate of perinatal HIV transmission and
has contributed to more than a 75% decrease in reported
cases of pediatric acquired immunodeficiency syndrome
(AIDS) since 1992. Substantial advances have been made
in the treatment and monitoring of HIV infection; com-
bination antiretroviral regimens that maximally suppress
virus replication are now available. These regimens are
recommended for pregnant and nonpregnant individuals
who require treatment. Risk factors associated with peri-
natal HIV transmission are now better understood, and
recent results from trials to decrease the rate of mother-
to-child HIV transmission have contributed new strate-
gies with established efficacy. However, perinatal HIV
transmission still occurs; the Centers for Disease Control
and Prevention estimates that 300 to 400 infected infants
are born annually. Full implementation of recommenda-
tions for universal, routine prenatal HIV testing and
evaluation of missed prevention opportunities will be
critical to further decrease the incidence of pediatric HIV
infection in the United States. This technical report sum-
marizes recent advances in the prevention of perinatal
transmission of HIV relevant to screening of pregnant
women and their infants. Pediatrics 2000;106(6). URL:
http://www.pediatrics.org/cgi/content/full/106/6/e88; peri-
natal transmission, human immunodeficiency virus, pre-
natal testing, antiretroviral prophylaxis.

ABBREVIATIONS. HIV, human immunodeficiency virus; ZDV,
zidovudine; AAP, American Academy of Pediatrics; AIDS, ac-
quired immunodeficiency syndrome; CDC, Centers for Disease
Control and Prevention; PACTG, Pediatric AIDS Clinical Trials
Group; 3TC, lamivudine; EIA, enzyme immunoassay; PCR, poly-
merase chain reaction.

Marked changes in the epidemiology of pedi-
atric human immunodeficiency virus (HIV)
infection have occurred since 1994, when

administration of zidovudine (ZDV) to the HIV-
infected woman during pregnancy and labor and to
the newborn was shown to decrease the risk of peri-

natal HIV transmission.1,2 The American Academy
of Pediatrics (AAP) recommended documented HIV
education and routine testing with consent (which
included consent obtained with patient notification,
or “right of refusal” consent) for all pregnant women
in the United States in 1995; the US Public Health
Service also recommended universal prenatal HIV
counseling and testing in 1995.3,4 Since then, a sig-
nificant decrease in new cases of pediatric HIV
infection and reported cases of pediatric acquired
immunodeficiency syndrome (AIDS) has been ob-
served, raising the possibility that perinatal HIV in-
fection could be eliminated in the United States. The
Centers for Disease Control and Prevention (CDC)
estimates that the rate of new cases of perinatal HIV
infection has decreased from approximately 1500 to
between 300 and 400 per year.5,6 The persistence of
perinatal transmission reflects a continued incidence
of new HIV infections among women, rare prophy-
laxis failures, and a series of missed prevention op-
portunities in pregnant women, the most important
of which are lack of prenatal HIV counseling and
testing and absence of prenatal care.

EPIDEMIOLOGY OF HIV INFECTION IN WOMEN
OF CHILDBEARING AGE

Among women of childbearing age, the rate of
HIV infection has continued to increase in the United
States. Of reported AIDS cases in adults, women
accounted for 7% in 1985, 13% in 1993, and 23% in
1999.7 Young women are at particular risk; 41% of
young adults 13 to 24 years old reported in 1999 as
having AIDS were females. During 1999 alone, AIDS
was newly diagnosed in nearly 11 000 women, an
incidence of 9.3 per 100 000 women.7

The incidence of AIDS was 21 times higher among
black women (49.0 per 100 000) and 7 times higher
among Hispanic women (14.9 per 100 000) than
white women (2.3 per 100 000). Disproportionately
high AIDS rates among women of color may be
markers for socioeconomic factors, such as the rela-
tionship of race or ethnicity with poverty and the
association of poverty with substance abuse, prosti-
tution, and sexually transmitted diseases.8,9 Addi-
tionally, decreased access to health care associated
with disadvantaged socioeconomic status and cul-
tural and language barriers may limit access of
women of color to HIV prevention information.

Heterosexual contact surpassed injection drug use
as the predominant mode of HIV transmission for
women with AIDS in 1992.7,10 Among young adults
13 to 24 years old in whom AIDS was diagnosed
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in 1999, only 11% of males acquired HIV infection
via heterosexual contact, compared with 69% of fe-
males.7 Women with HIV infection acquired via het-
erosexual contact are often unaware of their partner’s
risk of HIV infection.8,11 In 1999, 32% of young
women with AIDS had no risk reported or identified;
many of these women were likely infected through
heterosexual contact with a partner who was not
known to be infected with HIV.7 Although AIDS
cases in women continue to be concentrated in the
northeast and large metropolitan areas, the epidemic
now affects all regions, particularly the southeast, as
well as rural areas.12,13 During 1999, the annual inci-
dence of AIDS in women in Florida was the third
highest in the United States, with only New York and
the District of Columbia having higher rates.7

Surveillance of AIDS does not accurately reflect
the incidence and prevalence of HIV infection among
women. In 1994, the CDC estimated that only 15% of
HIV-infected women had developed AIDS. Because
of improvements in therapy, many HIV-infected in-
dividuals are living for prolonged periods without
developing clinical AIDS. Data from states that re-
port cases of HIV infection indicate that women ac-
counted for 32% of adults and 42% of youth 13 to 24
years old reported to have HIV infection during
1999.7

Data on HIV seroprevalence among childbearing
women are available from the Survey of Childbear-
ing Women, which was conducted at 45 sites be-
tween 1989 and 1995.5,14 During this time, an esti-
mated 6000 to 7000 HIV-infected women gave birth
annually. HIV seroprevalence among childbearing
women remained stable nationwide, ranging from
1.5 to 1.7 per 1000 women, although trends differed
regionally. HIV seroprevalence decreased in the
northeastern states (from 4.1 to 3.2 per 1000),
whereas seroprevalence increased in the southern
states through 1991 (from 1.6 to 2.0 per 1000) and
then stabilized. Seroprevalence among black women
in some southern states continued to increase signif-
icantly. Rates in the Midwest and western states
remained stable at approximately .6 per 1000. The
highest seroprevalence rates were observed in urban
areas, particularly on the East Coast, but high rates
were also observed in some rural areas, particularly
in the south. Rates among black women were 3 to 35
times higher than those among white women regard-
less of geographic area of residence.

CHANGES IN THE EPIDEMIOLOGY OF PERINATAL
HIV INFECTION

Remarkable changes in pediatric HIV infection
have been observed in the United States since 1994,
when the results of Pediatric AIDS Clinical Trials
Group (PACTG) protocol 076 showed that adminis-
tration of ZDV to the woman during pregnancy and
labor and to the newborn decreased the risk of moth-
er-to-child transmission by nearly 70%.2 Epidemio-
logic studies demonstrated decreases in the risk of
perinatal transmission temporally associated with in-
creased prenatal HIV testing and use of ZDV pro-
phylaxis as early as 1995.5,15,16 In a study of 18 states
that report HIV status, the percentage of HIV-

exposed infants whose mothers were tested for HIV
before giving birth increased from 70% to 94% be-
tween 1993 and 1997, and the percentage of HIV-
infected pregnant women receiving ZDV increased
from 7% to 91% during this same time period.5

The widespread incorporation of ZDV prophylaxis
into clinical practice and decrease in the risk of peri-
natal HIV transmission has already contributed to a
substantial decrease in reported perinatal AIDS cases
in the United States, which peaked in 1992 and then
decreased by 75% from 1992 through 1998.17 This
decrease was most dramatic in the youngest age
groups; AIDS cases in infants younger than 1 year
decreased by 86%, cases in children 1 to 5 years old
decreased by 78%, while in children older than 5
years (who would have been born before 1994), there
was little decrease. The number of perinatal AIDS
cases has decreased in all regions of the country and
among all racial and ethic groups.

ADVANCES IN PREVENTION OF PERINATAL HIV
TRANSMISSION

Prenatal HIV RNA Copy Number and Risk of Perinatal
Transmission

A number of studies have shown that maternal
viral load is a critical determinant of the risk of
perinatal transmission of HIV.18,19 In the late 1990s,
highly active combination antiretroviral therapy be-
came available that could decrease viral load below
the level of quantitation and is now standard treat-
ment for HIV-infected individuals, including preg-
nant women.20,21 Preliminary data indicate that use
of such regimens by pregnant HIV-infected women
may be associated with a further decrease in risk of
perinatal transmission to 2% or less.22,23

Although the risk of perinatal transmission in
women with HIV RNA below the level of quantita-
tion appears very low, there is no HIV RNA thresh-
old below which there is no risk of transmission.
Studies evaluating the relationship between prenatal
HIV RNA and risk of transmission have used a va-
riety of assays for RNA quantification; these tests
vary in the HIV RNA copy number that constitutes
the lower limit of assay detection. This complicates
the ability to compare transmission rates across stud-
ies among women with low RNA.

In PACTG 185, no transmission was observed in 84
women receiving ZDV who had baseline HIV RNA
below the level of quantification (,500 copies/mL),
but the upper 95% confidence interval for transmis-
sion was 3.5%.18 Rate of transmission was 2% among
51 women receiving ZDV with HIV RNA of 500 to
1000 copies/mL but increased to 7% among the 344
remaining women with HIV RNA .1000 copies/mL.
In the Women and Infants Transmission Study, al-
though no transmission was observed among 57
women with baseline HIV RNA ,1000 copies/mL,
the upper 95% confidence interval was 5.1%.19

In PACTG 076, ZDV had a protective effect even
among women with HIV RNA below the level of
quantitation.24 A multivariate analysis of data from
1482 women followed between 1990 and 1999 in the
Women and Infants Transmission Study found that
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the protective effect of antiretroviral prophylaxis was
independent of viral load at the time of delivery.22

These data suggest that the mechanism of protection
provided by antiretroviral prophylaxis is more than
just a decrease in viral load. It is likely that pre- and
postexposure prophylaxis of the infant provided by
transplacental passage of antiretroviral drugs admin-
istered to the mother during labor and continued
administration to the infant for 6 weeks is also im-
portant.

Interventions to Decrease the Risk of Perinatal HIV
Transmission

Elective (scheduled) cesarean delivery performed
before the onset of labor and rupture of membranes
has been shown to decrease the risk of perinatal
transmission from infected women receiving no an-
tiretroviral drugs or receiving only ZDV.25,26 How-
ever, these studies did not include data on maternal
viral load or women receiving highly active antiret-
roviral therapy. Whether the benefit of elective ce-
sarean delivery in decreasing the risk of perinatal
HIV transmission outweighs the risks of operative
delivery in women with HIV RNA below the level of
quantitation, in whom the risk of transmission is
extremely low, requires more evaluation. The Amer-
ican College of Obstetricians and Gynecologists rec-
ommends that HIV-infected pregnant women with
HIV RNA of 1000 copies/mL or greater be counseled
regarding the potential benefit of scheduled cesarean
delivery in addition to ZDV prophylaxis to further
decrease the risk of perinatal transmission, but states
that data are insufficient to demonstrate a benefit for
women with HIV RNA ,1000 copies/mL.27

Consistent with the perception that most fetal and
newborn HIV infections are acquired near or during
delivery, recent clinical trials have shown that abbre-
viated antiretroviral regimens focused on the peri-
partum period are also effective in decreasing the
risk of perinatal transmission. In 1998, a short ZDV
regimen started at 36 weeks’ gestation and adminis-
tered orally to the mother during labor with no ad-
ministration to the infant decreased the risk of peri-
natal HIV transmission by 50% in a study in
nonbreastfeeding women in Thailand (Table 1).28

Data from a second Thailand study indicate that a
longer 3-part ZDV regimen (ie, starting at 28 weeks’
gestation and administered to the infant for 6 weeks
after birth) is more effective than a shorter 3-part
ZDV regimen (ie, starting at 36 weeks’ gestation and
administered to the infant for 3 days after birth [Ta-
ble 1]).29 This may be because longer prenatal treat-
ment was more effective in decreasing the risk of in
utero transmission (in utero infection rate was 1.6%
when ZDV was begun at 28 weeks’ gestation, com-
pared with 5.1% when ZDV began at 36 weeks’
gestation). When maternal prenatal treatment began
at 28 weeks’ gestation, there did not appear to be a
significant difference in efficacy if infant prophylaxis
was administered for 6 weeks or 3 days; however,
when maternal treatment began at 36 weeks’ gesta-
tion, better efficacy was observed with more pro-
longed (eg, 6 weeks) infant prophylaxis.

Intrapartum and postpartum antiretroviral regi-

mens in which prophylaxis is initiated as late as
during labor have also been shown to be effective in
decreasing the risk of perinatal transmission in clin-
ical trials, although not as effective as regimens that
include prenatal as well as intrapartum and postpar-
tum treatment. A study in breastfeeding women in
Uganda demonstrated that a single oral dose of ne-
virapine administered to the woman at the onset of
labor followed by a single oral dose administered to
the infant decreased the risk of infant HIV infection
by 41% at 6 to 8 weeks of age, compared with a very
short ZDV regimen administered orally to the
woman during labor and to the infant for 1 week
after birth (Table 1).30,31 Although HIV transmission
via breast milk occurred in infants receiving both
regimens in this breastfeeding population, the infant
infection rate in the group receiving nevirapine re-
mained significantly lower than in the group receiv-
ing a short regimen of ZDV even at 12 months of
age.31 In another African trial in breastfeeding
women (the PETRA trial), oral administration of
ZDV and lamivudine (3TC) during labor followed by
1 week of oral administration to the mother and
infant decreased the risk of infant infection by 48%,
compared with placebo at 14 to 16 weeks of age
(Table 1).32,33 However, in contrast to the nevirapine
trial, efficacy of the ZDV-3TC regimen was not re-
tained at 18 months of age in this breastfeeding pop-
ulation.33 A third trial in South Africa (the SAINT
trial) compared the efficacies of the nevirapine and
ZDV-3TC regimens.34 An analysis of early efficacies
showed that the risk of infant infection was similar
between the 2 regimens when evaluated at 8 weeks
of age (Table 1).

Use of postpartum antiretroviral prophylaxis
alone has not been evaluated in a randomized clini-
cal trial. Although some observational data and stud-
ies of animals have suggested this may provide some
measure of protection, other studies have not. The
timing of antiretroviral administration after expo-
sure and duration of treatment appear to be impor-
tant. In studies of rhesus macaque monkeys, postex-
posure prophylaxis with an acyclic nucleoside
phosphonate analog with a long half-life (9-[2-phos-
phonomethoxypropyl]adenine; PMPA), adminis-
tered 24 hours after challenge and continued for 28
days, successfully protected against intravenous sim-
ian immunodeficiency virus challenge.35 However,
prophylaxis initiated after 24 hours or with a de-
creased duration of treatment decreased the effec-
tiveness in preventing establishment of persistent
infection. In a study of neonatal macaque monkeys in
which PMPA was administered immediately after
oral challenge with simian immunodeficiency virus
and continued for 2 weeks, 3 of 4 animals had tran-
sient viremia, suggesting abortive infection, but a
fourth animal was not protected.36 In an observa-
tional study in humans in New York, administration
of only ZDV for 6 weeks to newborns was associated
with a significant decrease in transmission if the
drug was initiated within 24 hours of birth (most
infants started receiving ZDV within 12 hours).37,38

However, in an observational study from North
Carolina, administration of ZDV only to the newborn
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was not associated with a decrease in the risk of
transmission, although the time of prophylaxis initi-
ation was not provided.15

These data emphasize the importance of early
identification of HIV-infected pregnant women so
that effective interventions may be offered to de-
crease the risk of mother-to-child transmission. In the
United States, the 3-part PACTG 076 ZDV regimen,
administered in combination with additional antiret-
roviral agents, is recommended for optimal preven-
tion when treatment of maternal HIV infection is
required; use of the 3-part ZDV regimen without
additional drugs may be considered for prophylaxis
of perinatal transmission in women with low viral
loads (eg, ,1000 copies/mL) who do not otherwise
require treatment.21 However, initiation of antiretro-
viral prophylaxis even as late as labor and delivery
may still diminish the risk of transmission. Thus,
identification of HIV-infected women as late as de-
livery or HIV-exposed infants on the first day after
birth may still provide potential benefit if antiretro-
viral prophylaxis can be rapidly initiated. Addition-
ally, in the United States and other countries where a
safe and sustainable source of infant formula is avail-
able, HIV-infected women should be advised not to
breastfeed to avoid postnatal transmission of HIV
through breast milk; this recommendation includes
infected women who are receiving antiretroviral
therapy.21,39

BARRIERS TO PREVENTION OF PERINATAL HIV
TRANSMISSION

The estimated 300 to 400 HIV-infected infants born
annually represent populations in which prevention
efforts are impeded by poor prenatal care and lack of
timely HIV testing and treatment of pregnant
women. Of 329 children who acquired HIV infection
perinatally who were born in 1995 and 1996, 34% had
mothers who were not tested for HIV until after
giving birth.5 Birth of an infected child is a sentinel
health event signaling a chain of missed opportuni-
ties and barriers to prevention.40 These barriers often
also result in failure to ensure that HIV-infected
women have access to adequate health care. Imple-
mentation of interventions to decrease the risk of
perinatal HIV transmission needs to be accompanied
by improved access to comprehensive care and sup-
port services for the infected woman and her child
during and after pregnancy to ensure optimal health
for both.

Further progress in decreasing the risk of perinatal
HIV transmission in the United States will require
accurate national HIV surveillance data to track
trends in perinatal transmission throughout time,
determine risk factors for transmission, and guide
HIV prevention programs. However, although na-
tional HIV reporting has been recommended by the
AAP and the CDC, at present only 39 states, Puerto
Rico, and the Virgin Islands have HIV reporting and
surveillance systems in place.41,42

HIV Infection in Women
An important barrier to elimination of perinatal

HIV transmission in the United States is the contin-T
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ued increase in the number of women of childbear-
ing age infected with HIV, particularly adolescents of
minority race or ethnicity. Data from out-of-school
youth 16 to 21 years old participating in the US Jobs
Corps between 1990 and 1996 showed that HIV prev-
alence in young women (2.8 per 1000) was higher
than that for young men (2.0 per 1000).43 The prev-
alence of HIV was highest among black female youth
(4.9 per 1000) and highest in black women from the
south. In a study in which HIV incidence trends
among young adults 20 to 25 years old were esti-
mated with modeling, the rate of HIV infection ac-
quired from heterosexual contact increased between
1988 and 1993 while the rate of HIV infection ac-
quired from homosexual contact or injection drug
use decreased.44 The prevalence of HIV infection
among men decreased during this time period, while
prevalence increased among young women 18 to 22
years old by 36% and among those 23 to 27 years old
by 45%; HIV infection in young women was predom-
inantly acquired via heterosexual contact.

Unplanned Pregnancy in Women
The same women at risk of HIV infection are also

at high risk of becoming pregnant, often unintention-
ally. Although there has been a decrease in adoles-
cent pregnancy rates since 1991, pregnancy rates in
youth continue to be high. In 1995, the pregnancy
rate for the overall population of women 15 to 19
years old was 83.6 per 1000 but was 210.6 per 1000
for sexually active youth; this compares with a preg-
nancy rate of 66.0 per 1000 for all women 15 to 44
years old.45 Youth engaging in behaviors that place
them at high risk of HIV acquisition are at particular
risk of unplanned pregnancy. In a study of runaway
and homeless youth, the likelihood of an individual
having participated in “survival sex” (exchange of
sex for shelter, food, drugs, or money) was 2.4 times
more common among pregnant than nonpregnant
street youth.46 Programs for HIV prevention and
decreasing the rate of unplanned pregnancy targeted
to high-risk young women are important compo-
nents of a perinatal HIV prevention strategy.

Unplanned pregnancy is not uncommon among
HIV-infected women. In a study of 83 HIV-infected
pregnant women in Atlanta, most repeat pregnancies
(90%) were unplanned.47 In a survey of almost 4000
HIV-infected women of childbearing age receiving
care in 11 cities in the United States in the CDC Adult
and Adolescent Spectrum of Disease Project, 14%
were pregnant at the time of enrollment, and annu-
ally, an additional 5.8% became pregnant thereaf-
ter.48 Among women who were pregnant at enroll-
ment or during observation, 12% had more than 1
pregnancy.

Youth with HIV infection may be at higher risk
than older infected women of becoming pregnant
and continuing risky behaviors. In a study in Seattle,
36% of HIV-infected women younger than 25 years
followed between 1990 and 1998 became pregnant,
compared with 19% of HIV-infected women older
than 25 years.49 Similarly, in HIV-infected women
followed in the Adult and Adolescent Spectrum of
Disease Project between 1990 and 1997, pregnancy

rates were 11-fold higher among HIV-infected
women 15 to 24 years old than among those 35 to 44
years old and 1.5-fold higher among black infected
women than among white infected women.50 Provi-
sion of and improved access to family planning
counseling, services, and contraception to enable
HIV-infected women to make informed decisions
about childbearing and prevent unplanned preg-
nancy are additional components of perinatal HIV
prevention programs.

Delayed or Lack of Prenatal Care
Delayed or lack of prenatal care constitutes an-

other significant barrier to prevention of HIV trans-
mission. In the United States, the percentage of
women who delayed receiving prenatal care de-
creased from 22% to 16%, and those who received no
prenatal care decreased from 2% to 1% between 1989
and 1997.51 However, women who were more likely
to have delayed receiving or not received prenatal
care were those at higher risk of HIV infection—
women of minority race or ethnicity, women
younger than 20 years, and women with fewer than
12 years of education. The most common reasons
women gave for delaying or not receiving prenatal
care in the Pregnancy Risk Assessment Monitoring
System were not knowing they were pregnant, lack
of money or insurance coverage, and inability to get
an earlier appointment.51

Women infected with HIV may be at particular
risk of delaying or not receiving prenatal care. In 1
study from 4 states, 14% of HIV-infected women
received no prenatal care, and 23% started receiving
prenatal care only in the third trimester.52 Lack of
prenatal care was more common among infected
women who used illicit drugs or in whom HIV in-
fection was not diagnosed until after they gave birth;
35% of women who did not receive prenatal care
were drug users, and in 50%, HIV infection was not
diagnosed until the postnatal period. In a study of
more than 2000 HIV-infected pregnant women from
New York, 20% had received no prenatal care;
women with shorter Medicaid enrollment during
pregnancy and those who used illicit drugs were
more likely to not receive prenatal care.53

Lack of Prenatal HIV Testing
After starting to receive prenatal care, to take ad-

vantage of interventions to prevent mother-to-child
HIV transmission, an HIV-infected pregnant woman
must know her HIV status. Thus, she must be offered
and must accept HIV testing. In an assessment of
prenatal HIV counseling and testing practices in 14
states during 1996 and 1997, more than 70% of
women recalled discussing HIV testing during pre-
natal care, and at least 50% reported being tested for
HIV during pregnancy or delivery.54 However, de-
spite national recommendations for universal prena-
tal HIV counseling and testing, rates varied by state,
type of prenatal health care provider, health insur-
ance, and maternal demographic characteristics.
Higher rates of testing were reported for black
women, younger women, and those who sought care
from a public provider, received Medicaid benefits,
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or had low income while lower rates of testing were
reported for white women or those with health in-
surance who might have been perceived to be at
lower risk for HIV infection. These data suggest that
physician practices regarding prenatal HIV counsel-
ing and testing are influenced by their perceptions of
maternal HIV risk factors and state-specific varia-
tions in HIV seroprevalence among childbearing
women. In another study of self-reported beliefs and
practices of primary care providers, although few
providers stated that they supported policies target-
ing testing to only women with risk factors, in prac-
tice, providers were more likely to encourage testing
for women with risk factors than for those without
risk factors.55

Studies suggest that acceptance rates for HIV test-
ing by women in the prenatal setting are high. Rea-
sons for not accepting testing include lack of percep-
tion of risk of HIV infection, having been tested
previously for HIV, and lack of a strong recommen-
dation for testing from the provider.55 A number of
studies have indicated the importance of provider
counseling and recommendation for testing as a de-
terminant of test acceptance.56,57

The Institute of Medicine issued a report in 1998
evaluating progress toward preventing perinatal
HIV transmission in the United States.58,59 The Insti-
tute found that, when offered, acceptance of HIV
testing by pregnant women was high, but that re-
quirements for extensive prenatal counseling were
deterring some providers from recommending test-
ing. The report recommended that a national policy
of HIV testing with patient notification as a routine
component of prenatal care should be implemented
in the United States. This would mean HIV testing
would be integrated into the standard battery of
prenatal tests and the woman would be informed
that the HIV test is being conducted and given the
right to refuse the test. In studies in Scotland and the
United Kingdom, this approach was found to be
acceptable to women and to significantly increase
prenatal HIV test acceptance.60,61

Because the purpose of HIV testing is to engage
the mother in continuing care for herself and her
infant, the mother’s knowledge of and consent for
testing of herself or her infant is important. Compli-
ance with medical care is likely to be greatest when
the woman feels she has made an informed decision
regarding HIV testing and has a relationship of re-
spect and trust with her health care provider. Rou-
tine HIV testing with patient notification implies that
the woman is provided with information about HIV
infection, that the HIV test is recommended by the
provider, and that the test will be performed unless
the patient rejects the test. This differs from involun-
tary HIV testing without patient consent.

These recommendations are consistent with exist-
ing AAP recommendations for universal, routine
prenatal HIV education and use of consent proce-
dures (including right of refusal consent) that facili-
tate rapid incorporation of HIV education and test-
ing into the routine medical care setting.3,62

Physicians need to be aware that because offering of
HIV counseling and testing is now recommended by

the AAP, the American College of Obstetricians and
Gynecologists, and the US Public Health Service as a
standard of care for pregnancy, lack of offering such
testing has medicolegal implications if an infected
infant is born to a woman who was not offered
testing.63 Maternal HIV infection status needs to be
communicated from the obstetrician to the pedia-
trician to ensure that antiretroviral prophylaxis is
provided to HIV-exposed newborns, the mother is
advised not to breastfeed to avoid postnatal trans-
mission of HIV via breast milk, prophylaxis against
Pneumocystis carinii pneumonia is initiated at 4 to 6
weeks of age, and ongoing evaluation to determine
the infant’s infection status is performed.

In addition to allowing women to make choices
related to interventions that could decrease the risk
of HIV transmission to their infants, the diagnosis of
HIV infection allows them to make informed deci-
sions regarding treatment choices for themselves.
Prolonging the health and survival of women is im-
portant for improving infant and child health and
survival. The number of children orphaned by the
death of an HIV-infected mother is increasing in the
United States as well as the developing world, and
HIV infection has come to rival or surpass other
causes of death of mothers of young children.64 It is
estimated that 45 600 children and adolescents in the
US had lost their mothers to death resulting from
HIV infection at the end of 1995; by the end of 2000,
this number will have increased to more than
80 000.64

Interventions to Decrease the Risk of HIV
Transmission

Women identified as HIV infected need to be
counseled about ways to prevent HIV transmission
to their infant, including avoidance of breastfeeding,
use of ZDV prophylaxis (as well as other antiretro-
viral drugs as needed for treatment of maternal dis-
ease), and elective cesarean delivery. Several studies
have shown that more than 90% of women identified
during pregnancy as HIV infected in recent years
have accepted ZDV prophylaxis.5,15 Acceptance of
ZDV prophylaxis and appropriate prescription of the
full 3-part ZDV regimen is more common in women
receiving care from providers who are experienced
in the care of HIV-infected pregnant women than
those receiving care from primary care providers
with less expertise in the care of HIV infection.65,66

RAPID HIV TESTING DURING LABOR
Women who receive inadequate or no prenatal

care or who have not received prenatal HIV counsel-
ing and testing constitute a population denied the
advantages of prevention and treatment. As de-
scribed previously, recent perinatal trials indicate
that short antiretroviral regimens can decrease the
risk of perinatal transmission, including regimens
administered only during labor and to the newborn.
Thus, women identified as HIV seropositive during
labor could be offered 1 of several antiretroviral reg-
imens that could significantly decrease the risk of
intrapartum transmission and could also be advised
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not to breastfeed to avoid postnatal transmission of
HIV in breast milk.

To enable preventive interventions to be offered to
women who lack prenatal care or who have not been
tested during the current pregnancy, use of rapid
HIV testing during labor has been proposed.67,68 In
the United States, only 1 rapid test (Single Use Diag-
nostic System, Abbott Diagnostics, Abbott Park, IL)
is approved by the US Food and Drug Administra-
tion. The sensitivity and specificity of rapid assays
are similar to those of the standard antibody enzyme
immunoassay (EIA). The negative predictive value of
these assays is high; thus, a negative result from a
rapid test would not require further confirmatory
testing and indicates absence of HIV infection. How-
ever, the positive predictive value of the test (the
probability that a positive test accurately predicts
HIV infection in the individual tested) will vary de-
pending on the prevalence of HIV in the population.
Therefore, a positive result from a rapid test requires
a confirmatory supplemental test to definitively di-
agnose infection. Expedited results from standard
EIA or Western blot analysis of blood from the
mother obtained during labor could be available
within 24 hours, which would not permit intrapar-
tum maternal drug administration but would permit
initiation of postexposure prophylaxis for the infant.
Presumptive prophylactic antiretroviral treatment
could be administered to the woman and newborn
with a single positive rapid test pending results of a
confirmatory assay and discontinued if the mother is
found to be uninfected. However, this would require
discussion with and consent of the mother.

In studies outside of the United States, perfor-
mance of 2 different rapid test assays in tandem have
been shown to have sensitivity and specificity similar
to the standard EIA and confirmatory Western blot
analysis and could be used to provide rapid and
definitive test results during labor.69 Although only
the Single Use Diagnostic System is commercially
available in the United States at present, several
other rapid tests are currently under review by the
US Food and Drug Administration.

Two cost-effectiveness analyses of voluntary rapid
intrapartum testing for women without adequate
prenatal care showed such testing was cost-effective
across a wide range of assumptions.68,70 However,
logistic and ethical questions related to implementa-
tion of rapid testing programs remain, including the
acceptability to women of rapid testing during labor
and of antiretroviral prophylaxis. Preliminary data
from a pilot program in New Orleans are promis-
ing; the sensitivity and specificity of the rapid test
were 100% and 99.5%, respectively, and rapid
screening was responsible for identifying 20% of
HIV-seropositive women who gave birth at the pilot
site.71 New York recently implemented a require-
ment that HIV testing be available within 48 hours
for women with unknown HIV status who arrive at
the hospital in labor.69 The CDC has initiated a mul-
ticenter study, Mother-Infant Rapid Intervention at
Delivery, to assess the feasibility of this approach in
communities with high HIV seroprevalence and in-

creased rates of births to women who lack prenatal
care.

HIV TESTING OF THE NEWBORN
When maternal HIV status has not been deter-

mined during pregnancy or labor, HIV testing of the
newborn with maternal consent is recommended.
However, delay in identification of infant HIV expo-
sure until the newborn period is suboptimal in terms
of prevention of transmission. In 1 New York City
hospital with an aggressive prenatal HIV screening
program, addition of newborn HIV screening had
little incremental impact on identification of HIV-
exposed infants.72 Therefore, programs to identify
maternal HIV infection during pregnancy should be
a priority. For infants born to mothers with unknown
HIV status, identification of HIV exposure during
the immediate newborn period can provide a poten-
tial benefit in terms of prevention of transmission
and is important for infant management (such as
initiation of prophylaxis against Pneumocystis carinii
pneumonia and avoidance of breastfeeding).73 How-
ever, although 2 randomized clinical trials have iden-
tified regimens that effectively decrease the risk of
HIV transmission even when administered only dur-
ing labor and to the newborn, only observational
data suggest that postpartum antiretroviral adminis-
tration to the newborn alone may provide some pro-
tection from HIV transmission if initiated within
24 hours of birth.37,38 Thus, if decreasing the risk of
perinatal transmission of HIV is a goal of newborn
HIV screening programs, test results will need to be
available soon after birth, optimally within 24 hours,
to permit rapid initiation of prophylaxis.

MANAGEMENT OF INFANTS WITH PERINATAL
HIV EXPOSURE

Because of the rapidly evolving nature and in-
creasing complexity in the management of HIV in-
fection, care of the HIV-infected infant should be
directed by or in consultation with a specialist in
pediatric HIV infection. Recommendations on the
management of HIV-exposed infants have previ-
ously been published.73 During the immediate neo-
natal period, monitoring for potential toxicity of an-
tiretroviral prophylaxis is necessary. A mild,
transient anemia is the primary complication of the
6-week infant ZDV prophylaxis regimen,2 and a
complete blood cell count is recommended at birth
and 4 and 6 weeks of age. Data are very limited
regarding potential toxicities in infants whose moth-
ers have received combination antiretroviral therapy.
More intensive monitoring during the first weeks
after birth may be advisable.

In 1995, the CDC issued revised guidelines for
prevention of P carinii pneumonia in HIV-exposed
infants.74 Because the peak incidence of P carinii
pneumonia in infected infants occurs at 3 to 6 months
of age (often before definitive diagnosis of HIV in-
fection) and may occur despite a normal CD41 lym-
phocyte count, initiation of prophylaxis is recom-
mended for all HIV-exposed infants at 4 to 6 weeks
of age regardless of CD41 count. Prophylaxis should
be continued through the first year after birth in all
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infected children and children in whom HIV status
has not yet been confirmed. Children in whom HIV
infection has been reasonably excluded (usually pos-
sible by 4 to 6 months of age) can discontinue pro-
phylaxis before 12 months of age. For infected chil-
dren older than 1 year, prophylaxis should be guided
by age-related CD41 count thresholds.

With use of current virologic assays, HIV infection
may be diagnosed as early as the first day after birth
in some infants and by 1 month of age in most
infected infants. The HIV DNA polymerase chain
reaction (PCR) assay is the preferred diagnostic tool.
In a meta-analysis of data representing 271 HIV-
infected children, the estimated sensitivity of the
HIV DNA PCR assay was 38% at birth, increasing to
93% at 14 days of age, and 96% at 28 days of age.75

Some studies have suggested that HIV RNA assays
may be useful for early diagnosis of perinatal infec-
tion, but data are limited, and these assays are not
approved for diagnostic testing.76–78 Although ZDV
prophylaxis does not appear to alter the diagnostic
sensitivity of either the HIV DNA PCR or HIV RNA
assays, the effect of combination antiretroviral ma-
ternal and infant treatment on the sensitivity of viral
diagnostic testing is unknown; therefore, infants
with negative results from virologic tests during the
first 6 weeks after birth should have diagnostic eval-
uation repeated after completion of the neonatal an-
tiretroviral prophylaxis regimen. Diagnostic testing
for HIV is recommended within the first 48 hours
after birth and at 14 days, 1 to 2 months, and 3 to 6
months of age.73,79 A positive result from a virologic
test should be confirmed by a second assay on a
separate blood specimen. Infection with HIV can be
reasonably excluded among children with 2 or more
negative results from virologic assays, at least 1 of
which is performed after 1 month and 1 after 4
months of age.74

Initiation of antiretroviral therapy should be con-
sidered for infants with HIV infection. Optimally, all
infected infants younger than 12 months should
have treatment initiated as soon as the diagnosis is
confirmed, regardless of clinical, immunologic, or
virologic status.79 Infants infected with HIV are at
particularly high risk of disease progression, and
the predictive value of immune and viral parameters
is lower at a very young age. Combination anti-
retroviral therapy—generally 2 nucleoside analog
drugs combined with a protease inhibitor or a non-
nucleoside reverse transcriptase inhibitor—is recom-
mended. Infants in whom HIV infection is diagnosed
while they are receiving the 6-week ZDV prophy-
laxis regimen should be changed to a combination
antiretroviral regimen.

In PACTG 076, ZDV resistance was not detected in
infants who became infected with HIV despite ma-
ternal and infant ZDV prophylaxis, and disease pro-
gression did not differ from that observed in infected
infants who received placebo, suggesting ZDV could
be a component of the initial combination treatment
regimen.80 However, in an Italian study, infants who
became infected with HIV despite maternal ZDV
monotherapy were observed to have more rapid dis-

ease progression than those born to mothers not
receiving treatment.81

LONG-TERM FOLLOW-UP OF CHILDREN WITH IN
UTERO ANTIRETROVIRAL EXPOSURE

Strategies to enable detection of any potential
short- or long-term adverse consequences of in utero
and neonatal antiretroviral drug exposure on the
infant are critical, particularly now that most infants
will not be infected with HIV. Because combination
antiretroviral therapy is now standard treatment for
HIV-infected individuals, including pregnant wom-
en,20,21 the fetus may be exposed to multiple antiret-
roviral drugs. Some nucleoside analog drugs have
been found to be mutagenic in some in vitro and
rodent studies, and in rhesus macaque monkeys,
incorporation of ZDV into DNA in some fetal organs
has been demonstrated with in utero ZDV expo-
sure.82,83 In humans, ZDV incorporation into cord
blood leukocyte DNA has been found in some in-
fants with in utero ZDV exposure, although persis-
tence after discontinuation of prophylaxis and the
clinical significance of this finding are unclear.84 Ad-
ditionally, HIV-infected individuals receiving long-
term antiretroviral treatment have developed toxic-
ity related to mitochondrial dysfunction, although
this generally resolves after treatment discontinua-
tion, and a genetic susceptibility may be involved.85

Prophylaxis with ZDV appears safe in the short term
for women and infants followed for as long as 6
years86,87; however, long-term data are not yet avail-
able, and definitive information about safety will
require many years of follow-up.

A report from France suggested possible mito-
chondrial dysfunction in 8 infants not infected with
HIV with in utero or neonatal exposure to combina-
tion ZDV and 3TC or ZDV alone.88 Two infants with
exposure to ZDV and 3TC developed severe neuro-
logic disease and died before 2 years of age, 3 had
mild to moderate symptoms, and 3 had no symp-
toms but transient laboratory abnormalities. The US
Perinatal Safety Review Group has conducted an
extensive review of 5 large perinatal cohorts in the
United States, including all perinatal clinical trials;
examination of 353 deaths in more than 20 000 HIV-
exposed children with and without antiretroviral ex-
posure revealed no deaths similar to those reported
from France.89 Evaluation of living children in these
cohorts for any milder symptoms of mitochondrial
disease is underway. A prospective evaluation of
echocardiograms in infants born to HIV-infected
women with and without ZDV exposure revealed no
association of ZDV exposure with acute or chronic
abnormalities in cardiac structure or function.90

Follow-up data from the international ZDV pro-
phylaxis trials are also reassuring. In the PETRA
clinical trial of ZDV and 3TC for prevention of peri-
natal transmission, no increase in neurologic adverse
events was observed among children who received
treatment, compared with those who received pla-
cebo, suggesting that if mitochondrial dysfunction is
associated with in utero antiretroviral exposure, it is
likely to be uncommon.91 In the short-course ZDV
prophylaxis trial conducted in Thailand no signifi-
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cant differences in growth, immunologic parameters,
rates of hospitalization, seizures, or mortality were
detected at 18 months of age between infants ex-
posed and those unexposed to ZDV.92 Similarly,
mortality rates at 12 months of age were no different
between infants exposed and those unexposed to
ZDV in the French short-course ZDV trial in Africa.93

Data available to date indicate that serious early
toxicity, if it occurs, is likely to be rare. Given the
fatal nature of HIV infection, the potential of toxicity
is clearly outweighed by the proven benefit of de-
creasing the risk of mother-to-child transmission by
nearly 70% with ZDV prophylaxis.94–96 However,
careful follow-up into adulthood is recommended by
the US Public Health Service for all children with in
utero or neonatal exposure to antiretroviral drugs,
regardless of HIV infection status.

CONCLUSIONS
Multiple effective strategies are now available to

decrease the risk of perinatal HIV transmission. The
continued incidence of perinatal HIV transmission
underscores the need for strategies to prevent HIV
infection among women and ensure that women re-
ceive adequate prenatal care and timely HIV coun-
seling and voluntary testing. In addition, infected
women need to have access to HIV-related care and
services, receive chemoprophylaxis to decrease the
risk of perinatal transmission, and be advised to
avoid breastfeeding. In 1995, the AAP recommended
that all pregnant women receive HIV education and
routine prenatal HIV testing with consent (which
may include right of refusal consent). This recom-
mendation remains a critical component of pediatric
HIV infection prevention. Rapid HIV testing with
consent during labor for women with unknown HIV
status deserves further evaluation given the new
availability of proven effective antiretroviral preven-
tion strategies for this population. Finally, newborn
HIV antibody testing with maternal consent should
be recommended for infants born to women who
have not had their HIV status determined prenatally
or during labor, which will hopefully become a di-
minishing number. Results of newborn HIV anti-
body testing, when performed, need to be rapidly
available to permit initiation of antiretroviral
prophylaxis.
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