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PRESENTATION OF CASE

A 34-year-old woman who was infected with the human immunodeficiency virus (HIV)
was evaluated in the infectious-disease and obstetrics outpatient divisions because of
a desire to become pregnant.

HIV infection had been diagnosed nine years earlier while the patient was undergo-
ing treatment for cervical dysplasia at another hospital. She believed that she had been
infected through heterosexual contact with a previous boyfriend. Two years later, she
transferred her care to this hospital. She was asymptomatic and was taking no medica-
tions. Laboratory-test results on evaluation are shown in Table 1. She had no other med-
ical problems. She lived with her boyfriend and her eight-year-old daughter, who were
HIV-negative; she reported using condoms regularly, but she had had two unplanned
pregnancies in the previous four months, which were electively terminated. She did not
use illicit drugs or alcohol and smoked cigarettes occasionally. Her mother had died of
cervical cancer at 46 years of age.

The patient had been seen every three months in the infectious-disease outpatient
division for the past seven years. Her CD4 T-cell counts remained stable and her viral
loads had been low (Table 1) without antiretroviral medications, and she had no oppor-
tunistic infections. Six years before the current evaluation, colposcopy was performed
because of two Papanicolaou (Pap) smears that showed atypical squamous cells of un-
determined clinical significance; a biopsy of the cervix showed cervical intraepithelial
neoplasia grade 1, with changes consistent with infection with the human papilloma-
virus (HPV). Large-loop excision of the cervical transformation zone showed chronic
cervicitis with squamous metaplasia and focal reactive cytologic atypia, but no evidence
of dysplasia. Papanicolaou (Pap) smears were performed semiannually thereafter.

Two years before the current evaluation, the patient and her boyfriend were married,
and at that time she stopped smoking. Her husband was HIV-negative. One year later,
a Pap smear showed mild dysplasia (low-grade squamous intraepithelial lesion), with
cellular changes consistent with HPV infection. One month later, an unplanned preg-
nancy ended in a spontaneous first-trimester abortion. Colposcopy nine months and
again six months before the current evaluation showed chronic cervicitis, and repeated
Pap smears showed a low-grade squamous intraepithelial lesion with cellular changes
consistent with HPV infection. A pelvic examination revealed a retroverted uterus, no
vaginal discharge, and no adnexal enlargement.
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Table 1. Laboratory-Test Results.

7 Years 4 Years
Variable Earlier Earlier
CD3+CD4+ lymphocytes 786 719
(per mm3)
HIV RNA (copies/ml) 300 1020
Cytomegalovirus antibody Positive
Toxoplasma antibody Negative

Rapid plasma reagin Nonreactive
Hepatitis B surface antigen
Hepatitis C antibody
HIV-resistance genotype
Reverse transcriptase

Protease

3 Years 1 Year 3 Months
Earlier Earlier Earlier = On Evaluation
645 522 499 454
3310 9010 6750 6810
Negative
Nonreactive Nonreactive
Negative Negative
Negative
None
L63P*

* L63P denotes the type of protease present.

Three months before the current evaluation, the
patient and her husband decided they wished to
have a child. She was referred to specialists in in-
fectious diseases and obstetrics. She felt well and
had had no recent fevers, chills, cough, shortness
of breath, abdominal pain, vaginal discharge, night
sweats, weight loss, or other symptoms. The couple
used condoms at all times. She appeared well. The
vital signs and physical examination were normal.

Options for initiation and management of preg-
nancy were discussed.

DISCUSSION OF MANAGEMENT

Dr. Nancy Lee Harris (Pathology): Two related but
distinct problems arise in a patient infected with
HIV who wishes to become pregnant: management
of pregnancy in an HIV-positive woman and man-
agement of HIV infection in a pregnantwoman. An
obstetrician and a specialist in infectious diseases
will discuss how these issues were addressed in the
management of this case.

PREPREGNANCY CONSULTATION

Dr. Laura E. Riley: Prepregnancy consultation with
both obstetrical and infectious-disease specialists
was provided to this patient, as it should be to all
HIV-positive patients. This provides an opportu-
nity to discuss maternal factors that influence
mother-to-child transmission of HIV, the rates of
transmission with optimal therapies, drugs that are
potentially toxic to the mother and the fetus, the
importance of adherence to antiretroviral therapy,

and neonatal HIV testing and treatment. Although
most HIV-infected women are reassured to learn
that pregnancy does not appear to accelerate the
progression of HIV disease, the majority of them
are concerned about the effect of HIV and its treat-
ment on their babies.

Maternal Risk Factors for Mother-to-Child HIV
Transmission

In addition to the mother’s HIV viral load and her
CD4 T-cell count, other maternal factors that may
increase the risk of mother-to-child transmission
of HIV include coexisting sexually transmitted in-
fections, drug use, and several labor-related fac-
tors. The patient under discussion did not smoke
or use alcohol or illicit drugs. Prepregnancy or early-
pregnancy screening for and treatment of syphi-
lis, gonorrhea, and chlamydia are encouraged, since
these infections may be transmitted to the fetus
and be associated with poor fetal outcomes that
range from birth defects to neonatal pneumonia.
Although screening for antibodies to toxoplasma
and cytomegalovirus is not recommended for the
general obstetrical population, these studies had
been obtained as part of this patient’s routine HIV
care. There have been case reports of congenital
toxoplasmosis in babies born to HIV-infected wom-
en despite preexisting antibodies.* There is also a
theoretical concern that preexisting cytomegalo-
virus antibodies are not as protective in HIV-posi-
tive women as they are in HIV-negative women.
Both of these concerns underscore the need for a
detailed second-trimester fetal survey. In addition
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to testing for hepatitis B surface antigen, which is
performed in all pregnant women at the begin-
ning of pregnancy, testing for antibodies to hepati-
tis C virus (HCV) is performed in women at high
risk. This patient with HIV would be at greater risk
for transmitting HCV to her baby if she were HCV-
positive than a woman who was HCV-positive and
HIV-negative.23 Testing revealed no evidence of
infection with either HCV or the hepatitis B virus.

This patient has a history of infection with HPV
and cervical dysplasia. Studies have shown that HIV-
infected women, particularly those with advanced
disease, have an increased risk of cervical dyspla-
sia.*> As this patient’s history shows, dysplasia with
recurrent disease may occur despite surgical exci-
sion. Therefore, even while pregnant, HIV-posi-
tive women continue regular evaluations — with
Pap smears, colposcopy, and biopsies, if indicated.

Mother-to-fetus transmission of HPV is mani-
fested as juvenile laryngeal papillomatosis. Two
studies have found low rates of HPV DNA or clini-
cal papillomatosis among offspring born to moth-
ers with the HPV infection.®? However, the effects
of maternal immunosuppression on mother-to-
child transmission of HPV are not known. To reduce
both the potential for transmission of HIV and the
possible risk of transmission of HPV to her infant,
treatment of the HIV infection in this patient needs
to be considered.

Treating Maternal HIV Infection

Dr. Sigal Yawetz: Does this woman with established
asymptomatic HIV infection, who has had no treat-
ment to date for the condition and now hopes to
become pregnant, need treatment for her HIV in-
fection? The updated Department of Health and
Human Services guidelines for the use of antiretro-
viral agents in adults suggest initiating antiretrovi-
ral therapy when the patient’s CD4 T-cell count
falls below 200 to 350 cells per cubic millimeter
and the level of HIV RNA is greater than 100,000
copies per milliliter of plasma.8 These guidelines,
based on data from several observational cohorts,
reflect the greater risk of progression to the ac-
quired immunodeficiency syndrome (AIDS) in per-
sons with lower CD4 T-cell counts and higher plas-
ma levels of HIV RNA.%10 On the basis of these
guidelines, we can advise this patient that she does
not need antiretroviral therapy for her own health;
however, we should offer her antiretroviral therapy
to prevent transmission of HIV to her fetus.11

Goals of Antiretroviral Therapy

Maximizing viral suppression by the time of deliv-
ery is the primary goal of treating this patient.
Several studies conducted before the era of highly
active antiretroviral therapy (HAART) showed a
strong correlation between maternal levels of HIV
RNA at the time of delivery and the risk of HIV
transmission.1213 More recent studies, summa-
rized in Table 2, confirm these early findings in
the HAART era.

When counseling this patient, it is important to
emphasize to her that although transmission rates
will become substantially lower as her plasma lev-
els of HIV RNA decrease, transmission of HIV may
occur even with levels of the virus below the limit of
detection. For any given viral load, even those be-
low 1000 copies per milliliter, the rate of transmis-
sion is lower among women undergoing therapy
than women receiving no antiviral therapy,1¢ and
the use of combination therapy further reduces the
likelihood of transmission (Tables 2 and 3).14.15

Choosing Antiretroviral Agents

The choice of a drug regimen for this patient should
be made on the basis of clinical experience with in-
dividual agents in pregnancy, their known and sus-
pected toxic effects on mother and fetus, pharma-
cokinetic data in pregnancy, long-term efficacy, and

Transmission Rate (%)

Table 2. Mother-to-Child Transmission of HIV, According to Antenatal
Viral Load.*

Maternal RNA (copies/ml)

Data from WITS

>30,000 23.4
10,000-29,999 14.7
3500-9999 9.3
400-3499 5.3
<400 1.0
Data from PACTG 367

Unknown 171
>10,000 5.6
1000-10,000 2.0
<1000 0.7

* Maternal RNA was determined by the Amplicor HIV-1 Monitor Test (Roche Di-
agnostics). WITS denotes Women and Infants Transmission Study (data from
Cooper et al.14). PACTG 367 denotes Pediatric AIDS Clinical Trials Group Pro-

tocol 367 (data from Shapiro et al.2s).
T P for trend=0.001.
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Table 3. Mother-to-Child Transmission of HIV, According to Antenatal
Antiretroviral Therapy Regimen.*

Data from WITS

None

Dual-drug therapy
HAART

None

Single agent

2 NRTIs

=3 Agents
NRTIs only

+PI

Maternal Antiretroviral Therapy

Zidovudine monotherapy

Data from PACTG 367

+NNRTI (no Pl)

Transmission Rate (%)

20.0
10.4
3.8
1.2

18.5
5.1
1.4
1.3
3.4
1.5
1.1

*

WITS denotes Women and Infants Transmission Study (data from Cooper et

al.24). Dual-drug therapy denotes mostly therapy with dual nucleoside reverse-
transcriptase inhibitors (NRTI) but may include nonnucleoside reverse-tran-
scriptase inhibitors (NNRTI) or protease inhibitors (Pl). HAART denotes high-
ly active antiretroviral therapy, defined as three or more drugs including at
least one NNRTI or PI. PACTG 367 denotes Pediatric AIDS Clinical Trials
Group Protocol 367 (data from Shapiro et al.15).
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the patient’s concerns (Table 4). A test for drug re-
sistance should be performed before treatment be-
gins, as it was in this patient. Although she had nev-
er been treated with antiretroviral agents, there was
asmall chance that she had acquired a drug-resis-
tantvirus, which could lead to a suboptimal virolog-
ic response to empirical therapy during her preg-
nancy.

Zidovudine, a nucleoside reverse-transcriptase
inhibitor used in the Pediatric AIDS Clinical Trials
Group Protocol 076 study, was the first antiretro-
viral agent shown to reduce perinatal transmission
by approximately two thirds, when the mother re-
ceived antepartum and intrapartum therapy and
the newborn received it post partum for six weeks.2°
This regimen remains a chief component of HIV
therapy in pregnancy in the United States and should
be used in patients, such as this woman, who show
no signs of resistance or intolerance. However, as
shown in Figure 1, combination therapy has been
increasingly used for the prevention of mother-
to-child transmission of HIV in the United States,
because it has been shown to be more effective.
Zidovudine, therefore, should not be used alone,
but in combination with another drug.14 This pa-
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tient should be informed that although many an-
tiretroviral agents are considered safe in pregnan-
cy, the long-term effects on exposed infants are not
known.

Data on antiretroviral toxicity and teratogenic-
ity in pregnancy are available through the Antiret-
roviral Pregnancy Registry (wWww.apregistry.com)
and are also summarized in the treatment guide-
lines11 (Table 4). In particular, a recent advisory
from the Food and Drug Administration (FDA) rec-
ommended against initiating nevirapine in wom-
en whose CD4 T-cell counts are greater than 250
cells per cubic millimeter because of a higher ob-
served risk of serious hepatotoxic effects than seen
in patients with lower CD4 T-cell counts. With lim-
ited options for nonnucleoside reverse-transcrip-
tase inhibitors, the use of protease inhibitors for
prevention of mother-to-child transmission of HIV
is increasing.

My choice for treatment for the woman under
discussion today would be a combination of zido-
vudine and lamivudine, with which we have the most
experience in pregnancy, with a ritonavir-boost-
ed protease inhibitor, such as ritonavir with lo-
pinavir. An adjustment of the dose of ritonavir with
lopinavir toward the end of pregnancy may be re-
quired.2 The combination of nucleoside reverse-
transcriptase inhibitors and nelfinavir (rather than
ritonavir with lopinavir) or triple-nucleoside thera-
py with zidovudine, lamivudine, and abacavir could
be considered as well.

Starting Antiretroviral Treatment

I would prefer to initiate antiretroviral therapy be-
fore conception to allow time to optimize therapy
and manage side effects. However, since the risk
associated with exposing the fetus to antiretrovi-
ral agents during the period of organogenesis (the
first 13 weeks of gestation) is unknown, many wom-
en and providers may choose to defer the initia-
tion of treatment until the second trimester of preg-
nancy. If this patient elects to defer therapy, any
nausea and vomiting caused by pregnancy should
be well controlled before the initiation of treatment.
All antiretroviral agents should be temporarily dis-
continued if hyperemesis develops.

Monitoring for Efficacy and Toxic Effects

This patient started treatment with zidovudine, la-
mivudine, and nevirapine before conception and
before the recent FDA advisory against the use of
nevirapine. Once therapy had been initiated, the pa-
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Selected Adverse Effects
in Pregnancy

Anemiaf; mitochondrial toxic
effects (lactic acidosis, pan-
creatitis, hepatosteatosis)
in mother and possibly fetus;
neuropathy; hypersensitivity

Possible effect on fetal bone me-
tabolism

Neural malformations

Hepatotoxic effects (especially
with CD4 T cells >250/mm3),

Hyperglycemia, gestational dia-
betes, possible increase in
preterm births, hepatitis

Recommended Monitoring

Complete blood counts and
hemoglobin levels; monitor-
ing for mitochondrial toxic
effects (measurement of elec-
trolytes and liver enzymes)

Avoid in pregnancy

Aminotransferase levels (every
two weeks initially, then
monthly)

Glucose levels (standard one-
hour glucose loading test
early in pregnancy and repeat-

Table 4. Drugs Used to Prevent Mother-to-Child Transmission of HIV.*
Drug Category Drug Names
Nucleoside or nucleotide Zidovudine
reverse-transcriptase Lamivudine
inhibitors Stavudine
Didanosine
Abacavir
Tenofovir
Nonnucleoside reverse- Efavirenz
transcriptase inhibitors
Nevirapine
rash
Protease inhibitors Amprenavir
Atazanavir
Indinavir
Lopinavir
Nelfinavir
Ritonavir
Saquinavir

ed in third trimester)

* Data are from Lorenzi et al.,»” the European Collaborative Study and the Swiss Mother and Child HIV Cohort Study,8

and Tuomala et al.2®

T Anemia is a side effect caused only by zidovudine, whereas the other effects listed are associated with the drug class.
A complete list of side effects may be found in the guidelines published by the Department of Health and Human Services.#

tient was evaluated for adverse effects and the HIV
viral load and CD4 T-cell counts were periodically
measured. Although the Public Health Service Task
Force guidelines! suggest that the same standards
should be used as when monitoring patients who
are not pregnant, I prefer checking laboratory val-
ues (Table 2) and HIV viral loads every four to six
weeks (more frequently if nevirapine is used), es-
pecially in the second half of pregnancy.

Dr. Riley: After the antiretroviral therapy was ini-
tiated, the HIV viral load rapidly became undetect-
able. The husband was evaluated for HIV by enzyme-
linked immunosorbent assay, which was negative.
The risk of transmission of HIV to the husband dur-
ing each act of unprotected intercourse was low,
but it was not eliminated even though his wife’s vi-
ral load was undetectable. Therefore, artificial in-
semination was recommended, and the patient be-
came pregnant by this method within two months.

LABOR AND DELIVERY

The patient remained well throughout her preg-
nancy, with normal laboratory-test results. A de-
tailed fetal ultrasonographic survey obtained in the
second trimester was normal. At 35 weeks’ gesta-
tion, her viral load was less than 50 copies per mil-

liliter of plasma and her CD4 T-cell count was 482
cells per cubic millimeter. A routine rectovaginal
culture for group B streptococcus was positive and
necessitated antibiotic prophylaxis for vaginal de-
livery.

Cesarean or Vaginal Delivery

As delivery approached, the issue of whether to
recommend cesarean or vaginal delivery had to be
addressed. In both a meta-analysis22 and a prospec-
tive trial23 involving women receiving zidovudine
monotherapy, elective cesarean delivery reduced the
rate of vertical transmission of HIV by as much as
five times, as compared with the rate among wom-
en who had vaginal delivery. Elective cesarean de-
livery is most protective in women with viral loads
0f1000 copies per milliliter of plasma or more and
who are receiving zidovudine monotherapy. The
American College of Obstetricians and Gynecolo-
gists recommends offering the option of cesarean
delivery to women with viral loads more than 1000
copies per milliliter of plasma, with cesarean sec-
tion performed at 38 weeks’ gestation, without
amniocentesis to document lung maturity. In addi-
tion to viral load, we considered the surgical com-
plications of cesarean delivery, such as fever, en-
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Figure 1. Rates of Mother-to-Infant Transmission of HIV Infection.
The transmission rate (shown with 95 percent confidence intervals) declined with the introduction of zidovudine (ZDV)
monotherapy and declined further with the introduction of multidrug antiretroviral therapy (multi-ART) and highly active
antiretroviral therapy (HAART). (Adapted from Cooper et al.,14 with the permission of the publisher.)

dometritis, and wound infection, which are more
common in HIV-infected women, whether the ce-
sarean delivery is elective or nonelective.2# Since
she had an undetectable viral load, this patient was
an appropriate candidate for vaginal delivery.

On routine pelvic examination at 38.5 weeks’
gestation, a tender, ulcerated lesion, 1 cm in diame-
ter, was noted on the left labium. A culture was ob-
tained. Acquisition of primary genital herpes or
nonprimary first-episode herpes in the late third tri-
mester is the greatest risk factor for vertical trans-
mission leading to devastating neonatal herpes in-
fection. This patient probably had recurrent herpes
simplex infection, because on further questioning,
she recalled having a similar lesion 10 years earlier.
She began taking acyclovir that day, in an effort to
speed resolution of the lesion. Several studies have
shown that acyclovir administered from 36 weeks of
gestation through delivery decreases the incidence
of outbreaks of the herpes simplex virus, viral shed-
ding at delivery, and the need for cesarean delivery.2>
Thus, if this patient had reported a history of genital
herpes earlier, I would have suggested acyclovir
treatment beginning at 36 weeks’ gestation.

Two days later, the patient reported rupture of
the membranes and was instructed to come to the
hospital. The ulcerated labial lesion remained, and
the culture confirmed the presence of herpes sim-
plexvirus type 2. Cesarean delivery for women with

active herpes simplex virus infection at the time of
birth reduced the risk of mother-to-child transmis-
sion of the herpes simplex virus in one study to 1.2
percent, as compared with a risk of 7.7 percent as-
sociated with vaginal delivery.2¢ At this point, then,
it was clear that the mode of delivery would be ce-
sarean, but the optimal timing was a problem. The
rupture of membranes could already have exposed
the baby to the herpes simplex virus, negating the
protective effects of cesarean delivery; prolonging
the interval between the rupture of membranes and
delivery might increase the risk of exposing the baby
to the herpes simplex virus. However, the patient
had group B streptococcus infection, which would
necessitate penicillin prophylaxis before vaginal
delivery; the most significant reduction in neona-
tal infection occurs with more than four hours of
prophylaxis.2? Finally, the Public Health Service Task
Force guidelines recommend beginning intrave-
nous zidovudine at least three hours before cesar-
ean delivery. In this patient, whose viral load was
undetectable and who had been taking oral zidovu-
dine until delivery, that recommendation seemed
less crucial than the concern about transmitting the
herpes simplex virus. Therefore, cesarean delivery
was performed shortly after the patient’s arrival at
the hospital, after the administration of broad-spec-
trum antibiotics for surgical prophylaxis, and with-
out intravenous zidovudine.
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Management of Antiretroviral Therapy

during and after Delivery

Dr. Yawetz: For delivery in most patients, zidovudine
should be administered intravenously during labor
and until the umbilical cord is clamped. All other
antiretroviral drugs are continued orally. Since this
patient began antiretroviral therapy at a CD4 T-cell
count thatwas greater than 350 cells per cubic milli-
meter, the therapy may be discontinued post par-
tum. However, she was taking nevirapine, and re-
sistance to nonnucleoside reverse-transcriptase
inhibitors may develop rapidly when a nevirapine-
containing regimen is stopped, because of the drug’s
long half-life and the low genetic barrier to resis-
tance. Therefore, we thought it might be prudent
to have her continue with zidovudine and lamivu-
dine for seven days after stopping nevirapine, al-
though the value of such strategy is still under in-
vestigation.

TREATMENT AND MONITORING OF THE INFANT
Most infants born to mothers who are HIV-positive
are treated with a six-week course of oral zidovu-
dine initiated as soon as possible after birth. A com-
bination regimen or alternative therapy is used if
zidovudine resistance in the mother is known or
suspected or if the risk of transmission is high. Se-
rial testing for HIV and evaluations for symptoms
of HIV infection and toxic effects of drugs should
be scheduled.

Dr. Riley: The female infant weighed 3036 g, and
the Apgar scores were 9 at one minute and 9 at five
minutes. Although the baby appeared well, her
blood culture was positive for group B streptococ-
cus; her cerebrospinal fluid was negative. The baby
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