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Pregnancy in HIV-infected individuals was not initially recognized as an

important problem in the United States because of the predominance of the

disease in men. The more recent spread of the infection into the heterosexual

population in the United States, Europe, and Australia, as well as its earlier
heterosexual presence in the developing world, has led to increased scientific

and clinical attention to the role of HIV infection in pregnancy. As of 1993,

a cumulative total of about 1 million children were infected, of whom most

were infected by vertical transmission [1], and as of 2000, an estimated 6

million pregnant women and 5 to 10 million children were infected world-

wide [2].

Human immunodeficiency virus infection profoundly affects the medical

community and society at large. The burden of providing for such a large
population of infected individuals has led to fundamental questions about

health care, including the support of basic sciences, timely development and

rapid approval of effective therapy, access to medical care, patient confiden-

tiality, and patient discrimination. These questions are most complex during

pregnancy, because the interests of both the mother and the child must be

considered. These interests can be in conflict: the unborn child has the right

to receive specific antiretroviral treatment during gestation to reduce the risk

of contracting HIV infection (as discussed later), whereas the mother has a
right to refuse treatment and a right of confidentiality that includes a right

to refuse HIV testing [3]. This conflict has led to wrenching decisions regard-

ing mandatory testing for HIV infection.
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Prevalence of human immunodeficiency virus infection in women

The increase in infection in children parallels the increase of infection in

women of childbearing age in the developed world. In the United States,

infections in women have increased from 5% of the total in the 1980s to

about 20% now. About half of new infections worldwide occur in women

of childbearing age. In the United States, about 0.2% of childbearing women

are HIV-seropositive, a three- to-fourfold higher rate than in other Ameri-
cans. The incidence of HIV-seropositivity in sub-Saharan Africa is much

higher, at 6% to 30%. The incidence of seropositivity varies in the United

States and is highest in inner cities. Despite widespread knowledge of this

problem, many obstetricians do not routinely seek testing for HIV infection,

particularly in women who are not members of established risk groups.

Vertical transmission of infection

The risks of vertical transmission vary in different countries, depending

on the availability of antiretroviral therapy, as discussed later. Transmission

may occur in utero, intrapartum, or postpartum; postpartum transmission
most often occurs through breastfeeding. Intrauterine infection is assessed

by culture of the virus or detection of retroviral DNA from peripheral blood

lymphocytes within 48 hours postpartum. The relative rates of antepartum,

intrapartum, and postpartum transmission are uncertain and may vary in

different populations. Studies from Africa seem to show that about one third

of cases are acquired antepartum and up to one third are acquired postpar-

tum. In developed countries the incidence of postpartum infection is much

lower, and intrapartum transmission may cause up to 75% of infections. The
higher incidence of postpartum infection in Africa is attributed to breast-

feeding, as discussed later. Detection of anti-HIV antibodies in fetal blood

is not evidence of active infection, because these antibodies are maternal.

Human immunodeficiency virus-1, however, has been isolated from

amniotic fluid and cells [4], as well as from cord blood, indicating intra-

uterine fetal infection in some cases can occur even relatively early during

pregnancy. The prevalence of HIV infection is higher in abortuses than in

full-term pregnancies, suggesting that in utero infection may lead to fetal
demise [5].

Intrapartum vertical transmission is an important mechanism of disease

transmission. The virus is usually isolated from cord blood in HIV-seropos-

itive infants, implying the infection occurred peripartum. Some neonates,

however, have negative viral isolation studies at birth followed by viral iso-

lation at 1 to 3 months of life, associated with a decline in CD4þ lympho-

cyte levels. The exact mechanism of this infection is uncertain. Atraumatic

inoculation of the oropharynx or conjunctival sac in newborn monkeys with
cell-free simian immunodeficiency virus can transmit the infection, implying

the virus can invade through mucous membranes [6]. In vitro, the virus can
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invade epithelial cell lines [7]. Other studies have demonstrated that the virus

can invade through epithelium through mucosal lymphoid follicles, such

as Peyer’s patches, to infect subepithelial macrophages [8]. Cell-associated
and cell-free virus has been detected in human breast milk; the viral con-

centration is highest in colostrum. Prospective studies in Africa indicate

breastfeeding can cause postnatal transmission, especially during primary

maternal infection [9]. In a prospective study, several African women sero-

converted postpartum, and most of their infants subsequently developed

primary HIV infection [10].

The risks-versus-benefits evaluation of breastfeeding in a population with

a high prevalence of HIV infection depends on the available alternatives.
Normally breastfeeding would be proscribed because any risk of viral trans-

mission is unacceptable. Thus many published guidelines recommend that

women who are HIV-infected refrain from breastfeeding, provided infant

formulas and potable water are available. Moreover, breastfeeding is not

recommended for women at high risk for HIV infection because of the lack

of universal testing and possible transmission, despite an initially negative

HIV test, resulting from subsequent maternal postpartum infection. In some

developing countries, however, the benefits of breastfeeding outweigh the
risks, even in HIV-seropositive patients, and breastfeeding is recommended

in these countries.

Determinants of vertical transmission

Many studies have analyzed the factors determining vertical transmission

of infection. Initially, fetal infection was thought to be inevitable. The anal-

ysis was complicated by difficulty in evaluating the presence of HIV infec-
tion in the newborn because of the presence of maternal antibodies in

cord blood. Subsequently, cases in which maternal antibodies were lost

without replacement by the child’s antibodies became apparent.

Factors affecting the probability of vertical transmission include immune

status, viral strain virulence [11], viral load, anti-HIV immunity, maternal-

fetal nutritional status, placental inflammation, and obstetric factors [12,13].

These factors are often interrelated. Several prospective studies in the

United States, Europe, and Africa have confirmed that transmission is
more likely in persons with peripheral blood CD4þ lymphocyte depletion,

perhaps because plasma viral burden rises with HIV progression. Several

studies have associated maternal viral burden, especially at delivery, with

the risk of vertical transmission [14]. Sperling et al [15] demonstrated a signi-

ficant association between viral burden and risk of transmission in placebo-

controlled subjects in their definitive study of the effects of zidovudine

(azidothymidine, AZT) on transmission, as discussed later. Prospective

studies demonstrated a threshold of about 20,000 copies/mL of HIV RNA
for transmission [16]. The risk of transmission seems to be very high if sero-

conversion occurs during pregnancy, probably because the viral load is very
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high in primary infection, before the development of anti-HIV immunity.

The relationship between anti-HIV immunity and risk of transmission is

unclear. One study showed the effects of viral load and CD4þ lymphocyte
count on the risk of vertical transmission to be independent [17]. Immune

defense most effectively prevented transmission when maternal viral cultures

were not persistently positive [18], suggesting that a high viral burden is suf-

ficient for infection, irrespective of other factors.

Placental barriers to retroviral invasion are poorly defined. Evidence of

infected placental cells, especially placental macrophages, has been reported

[19,20]. Placental inflammation facilitates transmission. There is selectivity

to the viral serotypes that cross the placenta, based upon envelope gene
sequencing [21]. The fetus can be infected with multiple viral serotypes,

however [22].

Obstetric factors may be important in intrapartum vertical transmission

[23]. In twins the first-born has a higher likelihood of being infected than the

second, presumably because of more prolonged neonatal exposure to mater-

nal mucocutaneous vaginal secretions [24]. Cultures of gastric aspirates in

newborns have detected virus [25]. The risk of infection is also related to the

duration of ruptured membranes and is particularly increased when this
duration is more than 4 hours [23]. A French study, however, failed to detect

evidence that obstetric factors affect transmission rates [26].

Nutritional factors may affect viral transmission. In a study from

Malawi, maternal vitamin A deficiency promoted disease transmission,

increased infant mortality, and impaired infant growth in height and weight

during the first year of life [27,28]. Contrariwise, an American study

reported that vitamin A levels in the third trimester did not affect the risk

of vertical transmission, although no cases of maternal vitamin A deficiency
occurred in this study [29]. The effect of vitamin A deficiency on disease

transmission is uncertain, and vitamin A deficiency could be a surrogate

marker for another nutritional deficiency. Vitamin A affects immune func-

tion [30], including epithelial defense mechanisms [31], and could thereby

affect viral transmission. Furthermore, maternal vitamin A deficiency was

strongly associated with the presence of retroviral DNA in breast milk

[32]. Vitamin A supplementation produced better postpartum weight re-

tention, but no difference was found in weight gain during pregnancy, as
compared with placebo [33]. Supplementation is not beneficial and not rec-

ommended in the United States because of the potential for vitamin A tox-

icity, including teratogenicity. Cigarette smoking, but not cocaine use, may

affect the risk of transmission [34].

Strategies to prevent vertical transmission

Antiviral therapy with zidovudine (Retrovir, Glaxo Wellcome) markedly

diminishes the risk of vertical transmission [35]. Ironically, zidovudine,
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which interrupts transcription as a chain terminator and is mutagenic, is the

first and only antiretroviral drug recommended during pregnancy. Use of

inhibitors of transcription would theoretically be inadvisable during preg-
nancy for fear of teratogenicity. In practice, zidovudine causes little fetal

toxicity, other than reversible anemia, in clinical studies, although potential

late toxicity to the child is uncertain. Indeed, reverse transcriptase inhibitors

or protease inhibitors may not cross the placenta.

In AIDS Clinical Trials Group protocol 076, pregnant women who were

antiretroviral-nave and had CD4þ lymphocyte counts greater than 200/

mm3 randomly received either zidovudine or placebo [35]. Medication was

given antenatally during the third trimester, intravenously during parturi-
tion, and to the newborn for the first 6 weeks of life. Placebo-treated cases

had a rate of transmission of 22.6%, as compared with 7.6% in zidovudine-

treated cases, a difference that was highly statistically significant. Other stud-

ies corroborated this finding, and showed the effect is similar whether prior

zidovudine therapy was administered or not [16,36]. The mechanism for

this effect is unclear, because the effect is only partly explained by a decline

in maternal HIV RNA plasma levels [15,37]. Whether the critical treat-

ment period is antepartum, intrapartum, or postpartum is also unclear [38].
The combination of lamivudine and zidovudine (Glaxo Smith Kline,

Research Triangle Park, NC) [39], as well as nevirapine (Viramune, Boeh-

ringer Ingleheim, Ridgefield, VT), the latter administered as a single dose,

also reduce vertical transmission. Nevirapine may be moderately more effec-

tive than zidovudine, but single-dose nevirapine therapy was associated with

both hepatotoxicity and retroviral resistance to non-nucleoside reverse tran-

scriptase inhibitors [40]. Resistance to lamivudine and zidovudine has also

been reported. Moreover, the drug-resistant virus may be transmitted from
mother to child [41].

Local therapy and obstetric precautions have been applied to prevent

intrapartum vertical transmission. Cell-free HIV can be isolated from vagi-

nal secretions in 30% to 40% of infected women [42]. Thus, minimizing fetal

exposure to maternal secretions during parturition may be helpful. Delivery

by cesarean section decreases the risk of transmission by about 25% [23], but

recent studies in the United States showed no benefit beyond those of highly

active antiretroviral therapy. Thus, cesarean section should probably be lim-
ited to patients with high viral loads caused by viral resistance or refusal to

take antiviral medications. In countries where antiviral therapies are

unavailable, the benefits versus the risks of cesarean section must be care-

fully weighed. Artificial rupture of the membranes to facilitate delivery is

not recommended. Additional obstetric measures to minimize transmission

include protecting the skin integrity of the baby by avoiding the use of for-

ceps and of scalp electrodes during delivery.

Vaginal disinfection with benzalkonium chloride or other virucidal
agents before delivery and washing the newborn with benzalkonium chlor-

ide may be helpful but are of unproven efficacy [43]. Vertical transmission
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might also be reduced by prevention or therapy of maternal venereal infec-

tions, maternal nutritional supplementation, and maternal or neonatal

immunotherapy. These therapies are of unproven efficacy, however. Vacci-
nation, particularly active-passive vaccination, such as used to prevent ver-

tical transmission of hepatitis B, may be helpful in the future [44]. No

vaccination strategies have yet shown sufficient promise to warrant clinical

trials, however.

Effect of human immunodeficiency virus infection on perinatal outcome

Early studies suggested that maternal HIV infection adversely affects

perinatal outcome [45,46]. Currently, the results are quite variable, depend-

ing on the study group. Expectant mothers with advanced HIV disease gen-

erally have a poor perinatal outcome, with more prematurity, postpartum
endometriosis, and a somewhat higher incidence of still-births [47]. Because

abortuses have a higher prevalence of HIV infection than full-term infants,

some fetuses may be able to clear the virus. In a recent study, vitamin A

supplementation of the newborn decreased the severity of nutritional

stunting [48].

Detection of human immunodeficiency virus infection in the newborn

The determination of neonatal infection is confounded by the presence

of maternal antibodies in cord blood. Many children lose these antibodies
over 6 to 18 months and remain seronegative (seroreversion). Thus, sero-

logic testing is inadequate to determine HIV infection in the newborn.

Investigators have therefore examined direct tests of viral infection. Viral

culture of blood is feasible but is labor-intensive and insensitive. Many

investigators use molecular techniques to detect HIV RNA or DNA in the

neonate’s lymphocytes. Testing for RNA is more sensitive than testing for

DNA [49]. Viral isolation, by any means, during the first 48 hours of life is

believed to signal antenatal infection and to predict chronic infection.
Sometimes, initial studies are negative, but studies become persistently

positive after 1 month, a development that is interpreted as evidence of

intrapartum infection. In about 5% of cases, HIV culture or polymerase

chain reaction (PCR) studies are initially positive but revert to negative

[50,51]. The mechanism for this phenomenon is uncertain. It may result

from contamination from maternal secretions during sampling. As many

as 25% of uninfected children manifest anti-HIV cytotoxicity, suggesting

that fetal or neonatal immunity could control or even eradicate the virus
[52,53]. Whether the response is alloreactive, rather than virus-specific, is

unknown.
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Natural history of vertical infection in infants and children

Early studies indicated that infection in infants is often caused by rapidly

progressive disease. Several studies showed an increased rate of prematurity

and intrauterine growth retardation. Prematurity was associated with short-

ened survival [54]. Infected children have an increased incidence of failure to

thrive, with a decreased rate of linear growth [55], a delay in motor develop-

ment, and deceleration in mental development [56]. In early studies, about
one quarter of infected children developed an AIDS-defining condition by

1 year of age, and more than 80% developed an HIV-related symptom by

2 years of age, with a median age of onset of any symptom before 6 months

of age [57]. In contrast, adults have a long clinically latent period that aver-

ages from 8 to 12 years. Predictors of rapid disease progression include

evidence of in utero infection, high viral load [58], and evidence of thymic

dysfunction, as manifested by decreases in both CD4þ and CD8þ lympho-

cytes [59]. Several recent studies have indicated that the progression rate in
children matches that of their mothers around the time of delivery [60,61].

The rate of progression in children is related to the plasma viral load

[58,62]. Because of the evident efficacy of antiretroviral therapy in adults,

combination therapies have been administered to children, with sustained

efficacy in suppressing viral activity [63]. Drug-related toxicity also occurs

in children, however [64].

Effect of human immunodeficiency virus infection on the mother

Early studies showed immunosuppression in HIV-infected pregnant
women, manifested by a decline in CD4þ lymphocyte counts [65]. Women

not infected with HIV also experience a decline in CD4þ lymphocytes dur-

ing pregnancy, but unlike infected women, their CD4þ lymphocyte levels

normalize postpartum [66,67].

Mild to moderate immune suppression may normally occur during late

pregnancy, possibly related to tolerance of the fetus, whose genes are half

foreign to the mother. Infected women might, therefore, be expected to have

an increased risk of opportunistic infections during late pregnancy. This
increase in opportunistic infections does not occur: pregnancy does not

affect the risk of developing tuberculosis, active herpetic infection, or pneu-

mocystis pneumonia and does not affect the disease course or viral burden

[37,68,69]. Pregnant women infected with HIV do not seem to be at higher

risk of obstetric problems. Like zidovudine, sulfonamides used to prevent

pneumocystis pneumonia, such as trimethoprim-sulfamethoxazole, are safe

during pregnancy, without reports of kernicterus of the newborn.

Human immunodeficiency virus and infertility treatment

Improved care ofHIV infection has affected the outlook of infected women

and their spouses towards childbearing. Most HIV-infected people are in
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the active reproductive age. About 20% of HIV-infected people in the

United States and about 50% in developing countries are female. In manag-

ing an HIVþ woman who is not pregnant, discussion about family planning
is important, especially when the partner is HIV-negative [70]. Safe sex prac-

tices are important to prevent unplanned pregnancy or other problems.

These recommendations are most important in the inner city and the devel-

oping world, where most HIV-infected children will be found in coming

years.

Infertility treatment in HIV raises ethical questions. In 1994 the Ethics

Committee of the American Society of Reproductive Medicine promulgated

fairly conservative guidelines for counseling and care. Because of improved
recent treatment of HIV infection and the proven safety of semen prepara-

tion techniques, the Ethics Committee revised their guidelines in 2002. The

Committee analyzed three situations separately: (1) the woman is infected

and the man is uninfected, (2) the man is infected and the woman is unin-

fected, and (3) both the man and the woman are infected.

The Committee noted that conception in an HIV-positive woman from

an HIV-negative man could be accomplished by artificial insemination.

When the man is HIV-positive and the woman is HIV-negative, the mother
and the infant are at risk of contracting HIV infection. In one study of timed

intercourse (ie, intercourse during ovulation, with barrier protection during

intercourse at other times), women had a 4.3% seroconversion rate. Sem-

prini and colleagues [71] and Marina and colleagues [72] reported that infec-

tion of mother and child from an HIV-infected father was completely

prevented by careful preparation of semen before insemination. When both

man and woman are seropositive, conception and delivery of an HIV-unin-

fected child can occur and is likely if the maternal viral burden is suppressed.
Counseling, however, should include the caveats that the long-term outcome

of HIV infection is unknown, and that the child might become an orphan.

An ethical dilemma pertains to whether HIV infection confers an unac-

ceptable risk to the unborn child. This situation is similar to that for genetic

diseases, such as a man and woman who both carry sickle cell trait, the gene

for Wilson’s disease, the BRCA mutation, or other potentially serious muta-

tions. They all should be counseled similarly. The situation even resembles

that of pregnancy late in a woman’s reproductive years, when the risk of
bearing children with Downs syndrome is increased. In fact, provided

maternal infection is well controlled, the risk of transmission of HIV is much

lower than that for genetic diseases. The previously mentioned considera-

tions apply to persons who know they have HIV infection, but about

200,000 Americans are unaware of their HIV infection. The Committee

evaluated the ethics of counseling HIV testing in patients at high risk for

HIV infection who are referred for infertility.

Health care providers are obligated to care for HIV-infected individuals
who seek evaluation and treatment of infertility. This requirement is based

on the Americans for Disability Act: an HIV-infected patient is considered
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to have a disability under this act. Patients are best referred to and treated at

centers with special expertise in this field, however. Health care providers

should adopt universal precautions to reduce their risk of contracting HIV
infection.

Recommendations

In managing a pregnant HIV-positive woman, it is most important to

treat the patient as someone who is HIV-positive rather than someone who

is pregnant. Withholding antiviral or prophylactic therapies from the mother

for fear of harming the child is not justified, because failure to treat the

mother increases the fetal risk. The most important parameter to follow is

the maternal plasma HIV-RNA level, and the most important treatment
issue is to reduce this level because it is directly related to the risk of vertical

transmission.
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