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Recommendat�ons regard�ng HIV screen�ng and treatment 
of pregnant women and prophylax�s for per�natal HIV 
transm�ss�on have evolved cons�derably �n the Un�ted 
States over the last 25 years, reflecting changes in the 
ep�dem�c and the sc�ence of prevent�on [1, 2]. Treatment 
of HIV d�sease �n general and dur�ng pregnancy has 
evolved w�th an �ncreas�ng proport�on of women rece�v�ng 
h�ghly act�ve comb�nat�on ant�retrov�ral therapy (HAART) 
throughout pregnancy. W�th the �mplementat�on of 
recommendat�ons for un�versal prenatal HIV counsel�ng 
and test�ng, ant�retrov�ral prophylax�s, scheduled cesarean 
del�very, and avo�dance of breastfeed�ng, per�natal HIV 
�nfect�on has dramat�cally d�m�n�shed to less than 2% �n the 
Un�ted States [3].   

These gu�del�nes update the November 2, 2007, 
Recommendat�ons for Use of Ant�retrov�ral Drugs �n 
Pregnant HIV-Infected Women for Maternal Health and 
Intervent�ons to Reduce Per�natal HIV Transm�ss�on �n 
the Un�ted States∗. The Department of Health and Human 
Serv�ces Panel on Treatment of HIV-Infected Pregnant 
Women and Prevent�on of Per�natal Transm�ss�on, a 
working group of the Office of AIDS Research Advisory 
Counc�l, develops these gu�del�nes, wh�ch prov�de health 
care prov�ders w�th �nformat�on for d�scuss�on w�th HIV-
�nfected pregnant women to enable the pat�ent/prov�der 
team to make �nformed dec�s�ons regard�ng the use of 
ant�retrov�ral drugs dur�ng pregnancy and use of elect�ve 
cesarean del�very to reduce per�natal HIV transm�ss�on. 
Var�ous c�rcumstances that commonly occur �n cl�n�cal 
practice are presented, and the factors influencing treatment 
cons�derat�ons are h�ghl�ghted �n th�s report. The Panel 
recogn�zes that strateg�es to prevent per�natal transm�ss�on 
and concepts related to management of HIV d�sease �n 
pregnant women are rap�dly evolv�ng and w�ll cons�der 
new ev�dence and adjust recommendat�ons accord�ngly. 
The most recent �nformat�on �s ava�lable from the AIDSinfo 
Web s�te (ava�lable at http://aidsinfo.nih.gov/).

Health care prov�ders cons�der�ng the use of ant�retrov�ral 
agents for HIV-�nfected women dur�ng pregnancy must 
take �nto account two separate but related �ssues: 

1. ant�retrov�ral treatment of maternal HIV �nfect�on, 
and 

2. ant�retrov�ral chemoprophylax�s to reduce the r�sk for 
per�natal HIV transm�ss�on. 

The benefits of antiretroviral therapy for a pregnant woman 
must be we�ghed aga�nst the r�sk of adverse events to the 
woman, fetus, and newborn. Comb�nat�on drug reg�mens 
are cons�dered the standard of care both for treatment 
of HIV �nfect�on and for prevent�on of per�natal HIV 
transm�ss�on [1, 2, 5]. After counsel�ng and d�scuss�on, 
a pregnant woman’s �nformed cho�ce on whether to 
take ant�retrov�ral drugs e�ther for her treatment or for 
prevent�on of mother-to-ch�ld transm�ss�on or to follow 
other med�cal recommendat�ons �ntended to reduce 
per�natal HIV transm�ss�on should be respected. Coerc�ve 
and pun�t�ve pol�c�es are potent�ally counterproduct�ve �n 
that they may underm�ne prov�der-pat�ent trust and could 
d�scourage women from seek�ng prenatal care and adopt�ng 
health care behav�ors that opt�m�ze fetal and neonatal well-
be�ng. 

The current gu�del�nes have been restructured to better 
reflect the management of an individual mother-child pair, 
and are organ�zed �nto pr�nc�ples for management of the 
woman and her �nfant dur�ng the antepartum, �ntrapartum, 
and postpartum per�od. Key �ssues and new �nformat�on 
d�scussed �n th�s report �nclude:

•	 Lessons learned from clinical trials of 
antiretroviral drugs to prevent perinatal HIV 
transmission.  The Panel reaffirms the importance 
of prov�d�ng ant�retrov�ral drugs dur�ng pregnancy, 
labor, and to the �nfant for opt�mal prevent�on of 
transm�ss�on; that comb�nat�on ant�retrov�ral reg�mens 
are more effect�ve than s�ngle-drug reg�mens �n 

Introduction

∗  Informat�on �ncluded �n these gu�del�nes may not represent approval by the Food and Drug Adm�n�strat�on (FDA) or approved label�ng for the 
particular product or indications in question. Specifically, the terms "safe" and "effective" may not be synonymous with the FDA-defined legal 
standards for product approval. 

http://AIDSinfo.nih.gov
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reduc�ng transm�ss�on; and that ant�retrov�ral 
prophylax�s to prevent per�natal HIV transm�ss�on 
should be offered to all HIV-�nfected women, 
regardless of CD4 cell count.

•	 Issues on preconception care of HIV-infected 
women of childbearing age.  The Panel notes that 
contracept�ve counsel�ng �s an essent�al component 
of care for HIV-�nfected women of reproduct�ve age. 
The Panel also notes that cho�ce of an ant�retrov�ral 
reg�men for treatment of HIV-�nfected women of 
ch�ldbear�ng potent�al needs to �nclude cons�derat�on of 
effect�veness for treatment of maternal d�sease as well 
as teratogen�c potent�al of the drugs should pregnancy 
occur. Atta�nment of a stable, max�mally suppressed 
v�ral load pr�or to concept�on �s recommended for HIV-
�nfected women who are on ant�retrov�ral therapy and 
w�sh to become pregnant.

•	 Antepartum Management.  The Panel reaffirms 
recommendat�ons for use of three-drug comb�nat�on 
ant�retrov�ral reg�mens for prevent�on of per�natal 
HIV transm�ss�on. New sect�ons have been added 
regard�ng management of pregnant women w�th pr�or 
ant�retrov�ral exposure, management of pregnant 
women w�th hepat�t�s B and hepat�t�s C co�nfect�on, 
stopp�ng ant�retrov�ral therapy �n pregnancy, 
management of women who fa�l to ach�eve v�ral 
suppress�on, and mon�tor�ng of the woman and fetus 
dur�ng pregnancy. The Panel recommends res�stance 
test�ng for all HIV-�nfected pregnant women pr�or to 
�n�t�at�on of treatment or prophylax�s and for women on 
treatment who have pers�stently detectable HIV RNA 
levels. 

•	 Intrapartum Management.  The Panel cont�nues 
to recommend scheduled cesarean del�very for HIV-
�nfected pregnant women w�th HIV RNA levels >1,000 
cop�es/mL near the t�me of del�very. New �nformat�on 
has been added regard�ng ant�retrov�ral drug 
cont�nuat�on dur�ng labor and management of women 
who have not rece�ved antepartum ant�retrov�ral drugs, 
as well as cho�ce of �ntrapartum prophylax�s reg�men 
for such women. 

•	 Postpartum Management.  The Panel prov�des 
further deta�l on dec�s�on mak�ng related to whether 
to cont�nue or stop ant�retrov�ral drugs postpartum, 
re�terates that HIV-�nfected women �n the Un�ted States 
should not breastfeed (even �f rece�v�ng ant�retrov�ral 
therapy), and d�scusses contracept�ve counsel�ng.

•	 Infant Management.  New sect�ons have been added 
regard�ng the management and cho�ce of ant�retrov�ral 
prophylax�s �n the �nfant �n s�tuat�ons where the 
mother has rece�ved antepartum ant�retrov�ral drugs, 
only rece�ved �ntrapartum ant�retrov�ral prophylax�s, 
or d�d not rece�ve any prophylax�s, and more deta�led 
�nformat�on �s prov�ded on management of the �nfant 
w�th tox�c�t�es related to ant�retrov�ral prophylax�s.  

These recommendat�ons have been developed for use �n 
the Un�ted States. Although per�natal HIV transm�ss�on 
occurs worldw�de, alternat�ve strateg�es may be 
appropr�ate �n other countr�es. Pol�c�es and pract�ces �n 
other countr�es regard�ng the use of ant�retrov�ral drugs 
for reduct�on of per�natal HIV transm�ss�on may d�ffer 
from the recommendat�ons �n th�s report and w�ll depend 
on local cons�derat�ons, �nclud�ng ava�lab�l�ty and cost 
of ant�retrov�ral drugs, access by pregnant women to 
fac�l�t�es for safe �ntravenous �nfus�ons dur�ng labor, local 
recommendat�ons regard�ng breastfeed�ng by HIV-�nfected 
women, and alternat�ve �ntervent�ons be�ng evaluated �n 
that area. 
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One of the major ach�evements �n HIV research was the 
demonstrat�on by PACTG 076 that adm�n�strat�on of ZDV 
to the pregnant woman and her �nfant could reduce the r�sk 
of per�natal transm�ss�on by nearly 70% [4]. In PACTG 
076, ZDV was started orally at 14 to 34 weeks gestat�on, 
g�ven �ntravenously to the mother dur�ng labor, and 
adm�n�stered to the �nfant for 6 weeks. 
 
Follow�ng the results of PACTG 076, �n the US and other 
countr�es w�th h�gher level resources, �mplementat�on 
of the ZDV reg�men coupled w�th �ncreased antenatal 
HIV counseling and testing rapidly resulted in significant 
decl�nes �n transm�ss�on [2, 3, 6, 7]. Subsequent 
cl�n�cal tr�als and observat�onal stud�es demonstrated 
that comb�nat�on ant�retrov�ral prophylax�s (�n�t�ally 
dual and then tr�ple comb�nat�on therapy) g�ven to the 
mother antenatally was assoc�ated w�th further decl�nes 
�n transm�ss�on to less than 2% [3, 8, 9]. It �s currently 
est�mated that fewer than 250 �nfected �nfants are currently 
born each year �n the Un�ted States. [2]. However, 
wh�le new per�natal HIV �nfect�ons are becom�ng rare 
�n resource-r�ch countr�es, �nfect�ons cont�nue to occur, 
and the b�rth of an �nfected �nfant �s a sent�nel event 
represent�ng m�ssed opportun�t�es and barr�ers to prevent�on 
[10, 11]. Important obstacles to erad�cat�on of per�natal 
transm�ss�on �n the Un�ted States �nclude the cont�nued 
�ncrease of HIV �nfect�on among women of ch�ldbear�ng 
age; delayed or lack of prenatal care, part�cularly �n 
women us�ng �ll�c�t drugs; poor adherence to prescr�bed 
ant�retrov�ral reg�mens; and lack of full �mplementat�on of 
rout�ne, un�versal prenatal HIV counsel�ng and test�ng [11]. 
 
W�th�n resource-l�m�ted sett�ngs, the complex�ty and cost 
of the 3-part PACTG 076 regimen significantly limits its 
appl�cab�l�ty and �mplementat�on. Thus, researchers began 
to explore the development of shorter, less expens�ve 
prophylact�c reg�mens more appl�cable to resource-
constra�ned sett�ngs. Cl�n�cal tr�als �n�t�ally focused 
on shortened ZDV-alone prophylax�s reg�mens, and 

moved to evaluat�ng whether comb�nat�on ant�retrov�ral 
reg�mens, such as short-course ZDV comb�ned w�th 
lamivudine (3TC), might have improved efficacy over 
ZDV alone. Stud�es also evaluated whether even s�mpler, 
less expens�ve, s�ngle drug reg�mens, such as s�ngle-
dose �ntrapartum/neonatal nev�rap�ne (NVP), would be 
effect�ve, and whether comb�n�ng such reg�mens w�th other 
short-course regimens might result in improved efficacy. 
These stud�es have prov�ded �mportant �ns�ghts �nto the 
mechan�sms of act�on of ant�retrov�ral drugs �n reduc�ng 
per�natal transm�ss�on and �n determ�n�ng opt�mal reg�mens 
for use �n the Un�ted States and other resource-r�ch 
countr�es, as d�scussed below.

mechanisms of action 
of antiretroviral 
prophylaxis in 
reducing perinatal hiv 
transmission

There are a number of mechan�sms through wh�ch ZDV or 
other ant�retrov�ral drugs can reduce per�natal transm�ss�on. 
One �mportant mechan�sm �s by decreas�ng maternal v�ral 
load �n the blood and gen�tal secret�ons v�a antenatal drug 
adm�n�strat�on, part�cularly �n women w�th h�gh v�ral loads. 
However, ant�retrov�ral drugs have been shown to reduce 
the r�sk of transm�ss�on even among women w�th HIV RNA 
levels <1,000 cop�es/mL [12]. Add�t�onally, the level of 

Lessons from Clinical Trials of Antiretroviral 
Interventions to Reduce Perinatal HIV Transmission

Panel’s Recommendations:

Antiretroviral drugs reduce perinatal 
transmission by several mechanisms, 
including lowering maternal antepartum 
viral load, and pre- and post-exposure 
prophylaxis of the infant. Therefore, for 
prevention of perinatal HIV transmission, 
combined antepartum, intrapartum, 
and infant antiretroviral prophylaxis is 
recommended.

•
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HIV RNA at del�very and rece�pt of antenatal ant�retrov�ral 
therapy are each �ndependently assoc�ated w�th the r�sk 
of transm�ss�on, suggest�ng that ant�retrov�ral prophylax�s 
does not work solely through reduct�on �n v�ral load [3, 
13].   
 
An add�t�onal mechan�sm of protect�on �s pre-exposure 
�nfant prophylax�s prov�ded by adm�n�strat�on of 
ant�retrov�ral drugs that cross the placenta from the mother 
dur�ng labor, result�ng �n adequate system�c drug levels 
�n the �nfant at a t�me of �ntens�ve exposure to maternal 
gen�tal tract v�rus dur�ng passage through the b�rth canal. 
Post-exposure �nfant prophylax�s �s prov�ded through 
adm�n�strat�on of drug to the �nfant after b�rth; th�s would 
protect aga�nst cell-free or cell-assoc�ated v�rus that 
m�ght have obta�ned access to the fetal/�nfant system�c 
c�rculat�on through maternal-fetal transfus�on dur�ng 
uter�ne contract�ons occurr�ng �n labor, or through system�c 
d�ssem�nat�on of v�rus swallowed by the �nfant dur�ng 
passage through the b�rth canal.  

It is likely that efficacy of antiretroviral drugs in reducing 
per�natal transm�ss�on �s mult�-factor�al, and each of these 
mechanisms is contributory. The efficacy of antiretroviral 
reg�mens adm�n�stered only dur�ng labor and/or to the 
newborn �n reduc�ng per�natal transm�ss�on, as d�scussed 
below, demonstrates the �mportance of the pre- and post-
exposure components of prophylax�s �n reduc�ng per�natal 
transm�ss�on [14-20].

international clinical 
trials of short-
course regimens for 
prevention of hiv 
perinatal transmission

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A number of simple regimens have been identified 
that are effect�ve �n reduc�ng per�natal transm�ss�on �n 
resource-l�m�ted countr�es (see Table 1). Because the 
stud�es �nvolved d�fferent pat�ent populat�ons res�d�ng �n 
d�fferent geograph�c locat�ons, �nfected w�th d�fferent v�ral 
subtypes and hav�ng d�fferent �nfant feed�ng pract�ces, 
direct comparison of results between trials is difficult. 
However, some general conclus�ons can be drawn from 
the study results that are relevant to understand�ng use 
of ant�retrov�ral drugs �n both resource-l�m�ted and r�ch 
countr�es.  

Short-term efficacy has been demonstrated for a number of 

Panel’s Recommendations:

Combination antepartum antiretroviral 
drug regimens are more effective than 
single-drug regimens in reducing perinatal 
transmission.

•

Longer duration of antepartum antiretroviral 
prophylaxis (e.g., starting at 28 weeks 
gestation) is more effective than shorter 
duration (e.g., starting at 36 weeks 
gestation); therefore, for women who 
do not require immediate initiation of 
therapy for their own health, prophylaxis 
should be started by 28 weeks gestation 
(see Recommendations for Use of 
Antiretroviral Drugs during Pregnancy). 

If women do not receive antepartum 
antiretroviral drugs, intrapartum combined 
with infant antiretroviral prophylaxis should 
be given to reduce the risk of perinatal 
transmission (see Intrapartum Care), 
although this is not as effective as when 
antepartum therapy is also given.

If women do not receive antepartum or 
intrapartum antiretroviral drugs, postnatal 
infant antiretroviral prophylaxis is 
recommended with a minimum of 6 weeks 
of ZDV (see Postpartum Care).

In the United States, the addition of 
single-dose intrapartum/newborn NVP 
to the standard antepartum combination 
antiretroviral regimens used for prophylaxis 
or treatment in pregnant women is not 
recommended because it does not appear 
to provide additional efficacy in reducing 
transmission and may be associated with 
the development of NVP resistance.

•

•

•

•
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short-course ant�retrov�ral reg�mens, �nclud�ng those w�th 
ZDV alone; ZDV plus 3TC; s�ngle-dose NVP; and more 
recently, comb�n�ng s�ngle-dose NVP w�th e�ther short-
course ZDV or ZDV/3TC  [14, 15, 17-24]. In general, 
comb�nat�on reg�mens are more effect�ve than s�ngle-drug 
reg�mens �n reduc�ng per�natal transm�ss�on, and when �t 
�s feas�ble and affordable, a longer 3-part reg�men g�ven 
antenatally, �ntrapartum, and postpartum �s super�or �n 
prevent�ng per�natal transm�ss�on than a shorter 2-part 
antepartum/�ntrapartum or �ntrapartum/postpartum reg�men 
[15, 25, 26]. 
 
Almost all tr�als �n resource-l�m�ted countr�es have 
�ncluded an oral �ntrapartum prophylax�s component, 
w�th vary�ng durat�ons of maternal antenatal and/or 
�nfant (and somet�mes maternal) postpartum prophylax�s. 
Per�natal transm�ss�on �s reduced by reg�mens w�th 
antenatal components start�ng as late as 36 weeks gestat�on 
and lack�ng an �nfant prophylax�s component [21-23]. 
However, longer durat�on of antenatal therapy (start�ng at 
28 weeks gestat�on) �s more effect�ve than shorter (start�ng 
at 36 weeks gestation), suggesting that a significant 
proport�on of in utero transm�ss�on occurs between 28 and 
36 weeks gestat�on [24]. More prolonged post-exposure 
prophylax�s of the �nfant does not appear to subst�tute for 
longer durat�on of maternal therapy [24].  

Because some women may lack antenatal care and first 
present to the health care system dur�ng labor, reg�mens 
that do not �nclude maternal therapy dur�ng pregnancy 
have been evaluated; �n some resource-l�m�ted sett�ngs, 
th�s may const�tute the major�ty of pregnant women. 
Reg�mens that �nclude only �ntrapartum and postpartum 
drug adm�n�strat�on have also been shown to be effect�ve 
�n reduc�ng per�natal transm�ss�on [14, 15, 17]. However, 
�ntrapartum pre-exposure prophylax�s alone w�th NRTI 
drugs (ZDV/3TC), w�thout cont�nued post-exposure 
prophylax�s of the �nfant, �s not effect�ve [15]. The 
SAINT tr�al demonstrated that the two proven effect�ve 
�ntrapartum/postpartum reg�mens (ZDV/3TC or NVP) are 
similar in efficacy and safety [17].  

In some s�tuat�ons, maternal antepartum and �ntrapartum 
therapy may not be poss�ble, and only �nfant prophylax�s 

can be prov�ded. Based on ep�dem�olog�c data [16], �n 
resource-r�ch countr�es, the standard prophylax�s reg�men 
�n the absence of maternal therapy �s 6 weeks of �nfant 
ZDV. To define the optimal infant prophylaxis regimen in 
these sett�ngs, an ongo�ng mult�nat�onal study �n �nfants 
born to women who have not rece�ved antenatal therapy �s 
compar�ng the standard 6-week �nfant ZDV reg�men to 6 
weeks of ZDV comb�ned w�th e�ther one or two add�t�onal 
drugs. 
 
In resource-l�m�ted sett�ngs, adm�n�strat�on of even 6 
weeks of infant ZDV may be difficult to achieve, and 
s�ngle-dose NVP �s w�dely used. In a study �n South 
Afr�ca, adm�n�strat�on of s�ngle-dose �nfant NVP g�ven 
w�th�n 24 hours of del�very was compared w�th 6 weeks 
of �nfant ZDV therapy �n �nfants born to mothers who 
d�d not rece�ve antenatal or �ntrapartum therapy; overall 
perinatal transmission rates were not significantly different 
[20]. A tr�al �n Malaw� compared s�ngle-dose �nfant NVP 
to a comb�nat�on of s�ngle-dose NVP w�th a week of 
ZDV therapy when no antenatal maternal therapy was 
rece�ved. The add�t�on of 1 week of ZDV therapy to �nfant 
s�ngle-dose NVP reduced the r�sk of transm�ss�on by 36% 
compared to �nfant s�ngle-dose NVP alone [18]. However, 
when maternal �ntrapartum NVP was rece�ved, thereby 
prov�d�ng pre-exposure prophylax�s �n add�t�on to post-
exposure prophylax�s, s�ngle-dose �nfant NVP alone was as 
effect�ve as the comb�ned NVP/ZDV �nfant post-exposure 
prophylax�s reg�men [19]. One problem w�th use of s�ngle-
dose �nfant NVP alone or �n comb�nat�on w�th a week of 
ZDV to prevent transm�ss�on �s the r�sk of NVP res�stance 
emerg�ng �n �nfants who become �nfected desp�te rece�pt of 
prophylax�s [27]. Thus, �n the Un�ted States, the standard 
recommendat�on for �nfant prophylax�s �n the absence 
of maternal antenatal and �ntrapartum therapy rema�ns 6 
weeks of �nfant ZDV.  

In an attempt to improve the efficacy of short-course 
reg�mens but reta�n a reg�men that rema�ns appropr�ate to 
the cost l�m�tat�ons ex�st�ng �n resource-l�m�ted countr�es, 
more recently researchers have evaluated whether the 
add�t�on of a potent �ntrapartum �ntervent�on — the 
s�ngle-dose NVP reg�men — to short-course reg�mens 
might increase efficacy. In the setting of short-course 
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antenatal ZDV alone or ZDV/3TC, the Per�natal HIV 
Prevent�on Tr�al (PHPT)-2 study �n non-breastfeed�ng 
women �n Tha�land, the DITRAME stud�es �n a part�ally 
breastfeed�ng populat�on �n the Ivory Coast, and the 
Mash� study �n Botswana (�n the formula-fed, but not the 
breastfed, strata) demonstrated that the add�t�on of s�ngle-
dose NVP did significantly increase efficacy [25, 28, 
29]. The relat�ve �mportance of the maternal and �nfant 
components of s�ngle-dose NVP �n the context of short-
course ZDV reg�mens rema�ns unclear; the Tha�land PHPT-
2 study suggests that the �nfant NVP dose at 48 – 72 hours 
of life may not add significant efficacy to the maternal NVP 
dose alone; however, the Botswana Mash� study suggests 
that maternal NVP may not be necessary when �nfant 
s�ngle-dose NVP �s prov�ded at b�rth [28, 29].  

Whether s�ngle-dose NVP prov�des any add�t�onal 
efficacy when combined with the standard recommended 
ant�retrov�ral prophylax�s reg�mens used �n the Un�ted 
States (e.g., HAART �n women w�th HIV RNA >1,000 
cop�es/mL) was evaluated �n PACTG 316, a cl�n�cal 
tr�al conducted �n the Un�ted States, Europe, Braz�l, and 
the Bahamas. Th�s study demonstrated that for non-
breastfeed�ng women �n resource-r�ch countr�es, the 
addition of single-dose NVP did not offer significant benefit 
�n the sett�ng of potent comb�nat�on ant�retrov�ral therapy 
throughout pregnancy and very low v�ral load at the t�me of 
del�very [9]. Thus, s�ngle-dose NVP �s not recommended 
for women �n the Un�ted States who are rece�v�ng the 
standard recommended antenatal ant�retrov�ral prophylax�s 
reg�mens.

perinatal hiv 
transmission and 
maternal hiv rna copy 
number 

In�t�al data regard�ng the correlat�on of v�ral load w�th r�sk 
for perinatal transmission were conflicting; some studies 
suggested an absolute correlat�on between HIV RNA copy 
number and r�sk of transm�ss�on [30]. However, although 
h�gher HIV RNA levels have been observed among 
women who transm�tted HIV to the�r �nfants, overlap �n 
HIV RNA copy number has been observed �n women 
who transm�tted and those who d�d not transm�t the v�rus. 
Transm�ss�on has been observed across the ent�re range of 
HIV RNA levels (�nclud�ng �n women w�th an HIV RNA 
copy number below the l�m�t of detect�on of the assay), 
and the pred�ct�ve value of HIV RNA copy number for 
transm�ss�on �n an �nd�v�dual woman �s modest [31-33]. In 
PACTG 076, antenatal maternal HIV RNA copy number 
was assoc�ated w�th HIV transm�ss�on �n women rece�v�ng 
placebo. In women rece�v�ng ZDV, the relat�onsh�p was 
markedly attenuated and no longer statistically significant 
[13]. An HIV RNA threshold below wh�ch there was no 
risk for transmission was not identified; ZDV was effective 
�n reduc�ng transm�ss�on regardless of maternal HIV RNA 
copy number [13, 34]. 

More recent data from larger numbers of ZDV-treated, 
HIV-�nfected pregnant women �nd�cate that HIV RNA 
levels correlate w�th r�sk of transm�ss�on even among 
women treated w�th ant�retrov�ral agents [35-38]. Although 
the r�sk for per�natal transm�ss�on �n women w�th HIV 
RNA below the level of assay quant�tat�on appears to be 
extremely low, transm�ss�on from mother to �nfant has 
been reported among women w�th all levels of maternal 
HIV RNA. Add�t�onally, although HIV RNA may be an 
�mportant r�sk factor for transm�ss�on, other factors also 
appear to play a role [35, 38, 39]. 

Although there �s a general correlat�on between v�ral load 
�n plasma and �n the gen�tal tract, d�scordance has also been 
reported, part�cularly between HIV prov�ral load �n blood 
and gen�tal secret�ons [40-43]. If exposure to HIV �n the 
maternal gen�tal tract dur�ng del�very �s a r�sk factor for 
per�natal transm�ss�on, plasma HIV RNA levels m�ght not 
always be an accurate �nd�cator of r�sk. Long-term changes 
�n one compartment (such as can occur w�th ant�retrov�ral 
treatment) may or may not be assoc�ated w�th comparable 
changes �n other body compartments. Further stud�es are 
needed to determ�ne the effect of ant�retrov�ral drugs on 

Panel’s Recommendations:

Antiretroviral prophylaxis to prevent 
perinatal HIV transmission should be 
provided to all HIV-infected women, 
regardless of HIV RNA copy number.

•
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gen�tal tract v�ral load and the assoc�at�on of such effects 
on the r�sk of per�natal HIV transm�ss�on. In the short-
course ZDV tr�al �n Tha�land, plasma and cerv�covag�nal 
HIV RNA levels were reduced by ZDV treatment, and each 
�ndependently correlated w�th per�natal transm�ss�on [44]. 
Use of ant�retrov�ral drugs dur�ng pregnancy for prevent�on 
of per�natal transm�ss�on should be d�scussed w�th and 
offered to all �nfected pregnant women regardless of the�r 
HIV RNA level. 

Results of ep�dem�olog�c and cl�n�cal tr�als suggest that 
women rece�v�ng HAART that effect�vely reduces HIV 
RNA to <1,000 cop�es/mL or undetectable levels have 
very low rates of per�natal transm�ss�on [3, 8, 9, 45]. 
However, s�nce transm�ss�on can occur even at low or 
undetectable HIV RNA copy numbers, HIV RNA levels 
should not be a determ�n�ng factor when dec�d�ng whether 
to use ant�retrov�ral drugs for prevent�on of per�natal 
transmission. Additionally, the efficacy of antiretroviral 
drugs �s not solely related to lower�ng v�ral load [3, 12, 13, 
46]�� Therefore, ant�retrov�ral prophylax�s should be g�ven 
even to women who have a very low or undetectable v�ral 
load on no therapy. 
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The Centers for D�sease Control and Prevent�on (CDC), 
the Amer�can College of Obstetr�cs and Gynecology 
(ACOG), and other nat�onal organ�zat�ons recommend 
offer�ng all women of ch�ldbear�ng age the opportun�ty 
to rece�ve preconcept�on counsel�ng and care as a 
component of rout�ne pr�mary med�cal care. The purpose 
of preconcept�on care �s to �mprove the health of each 
woman pr�or to concept�on by �dent�fy�ng r�sk factors for 
adverse maternal or fetal outcome, prov�d�ng educat�on 
and counsel�ng targeted to the pat�ent’s �nd�v�dual needs, 
and treat�ng or stab�l�z�ng med�cal cond�t�ons to opt�m�ze 
maternal and fetal outcomes [47]� Preconcept�on care �s 
not a s�ngle cl�n�cal v�s�t, but rather a process of ongo�ng 
care and �ntervent�ons �ntegrated �nto pr�mary care to 
address the needs of women dur�ng the d�fferent stages of 
reproduct�ve l�fe. Because more than half of all pregnanc�es 
�n the Un�ted States are un�ntended [48], �t �s �mportant 
that preconcept�on care be �ntegrated �nto rout�ne health 
v�s�ts. Therefore, HIV care prov�ders who rout�nely care 
for women of reproduct�ve age play an �mportant role �n 
promot�ng preconcept�on health. 

The fundamental pr�nc�ples of preconcept�on counsel�ng 
and care have been outl�ned by the CDC Preconcept�on 

Care Work Group’s “Recommendations to Improve 
Preconception Health and Health Care” [49]� In add�t�on 
to the general components of preconcept�on counsel�ng 
and care that are appropr�ate for all women of reproduct�ve 
age, HIV-infected women have specific needs that should 
be addressed [50]� S�nce many women �nfected w�th HIV 
are aware of the�r HIV status pr�or to pregnancy, there may 
be opportun�t�es to address �ssues that �mpact pregnancy 
pr�or to concept�on dur�ng rout�ne med�cal care for the�r 
HIV d�sease. In add�t�on to those outl�ned by the CDC 
Preconcept�on Care Work Group [51], the follow�ng 
components of preconcept�on counsel�ng and care are 
specifically recommended for HIV-infected women:

a. Select effect�ve and appropr�ate contracept�ve 
methods to reduce the l�kel�hood of un�ntended 
pregnancy. Prov�ders should be aware of potent�al 
�nteract�ons of ant�retrov�ral drugs w�th hormonal 
contraceptives that could lower contraceptive efficacy 
(see the Guidelines for the Use of Antiretroviral 
Agents in HIV-Infected Adults and Adolescents, 
Tables 21a and 21b) [5]�

b. Counsel on safe sexual pract�ces that prevent HIV 
transm�ss�on to sexual partners and protect women 

Preconceptional Counseling and Care for  
HIV-Infected Women of Childbearing Age

Panel’s Recommendations:

Select effective and appropriate contraceptive methods to reduce the likelihood of unintended 
pregnancy. Contraceptive counseling is an essential component of care for HIV-infected women of 
reproductive age.

Preconception counseling on safe sexual practices and eliminating alcohol, illicit drug use, and 
smoking are important both for maternal health as well as for fetal/infant health should the woman 
become pregnant.

Choice of an antiretroviral regimen for treatment of HIV-infected women of childbearing potential 
needs to include consideration of effectiveness for treatment of maternal disease and the drug’s 
potential for teratogenicity should pregnancy occur.  

Attainment of a stable maximally suppressed viral load prior to conception is recommended for HIV-
infected women who are on antiretroviral therapy and wish to become pregnant.

•

•

•

•

http://www.cdc.gov/mmwr/preview/mmwrhtml/rr5506a1.htm
http://www.cdc.gov/mmwr/preview/mmwrhtml/rr5506a1.htm
http://aidsinfo.nih.gov/Guidelines/GuidelineDetail.aspx?MenuItem=Guidelines&Search=Off&GuidelineID=7&ClassID=1
http://aidsinfo.nih.gov/Guidelines/GuidelineDetail.aspx?MenuItem=Guidelines&Search=Off&GuidelineID=7&ClassID=1
http://aidsinfo.nih.gov/Guidelines/GuidelineDetail.aspx?MenuItem=Guidelines&Search=Off&GuidelineID=7&ClassID=1
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from acqu�r�ng sexually transm�tted d�seases (STDs) 
and the potent�al to acqu�re more v�rulent or res�stant 
HIV stra�ns.

c. Counsel on el�m�nat�ng alcohol, �ll�c�t drug use, and 
c�garette smok�ng.

d. Educate and counsel women about r�sk factors for 
per�natal HIV transm�ss�on, strateg�es to reduce those 
r�sks, and potent�al effects of HIV or treatment on 
pregnancy course and outcomes [51]�

e. When prescr�b�ng ant�retrov�ral treatment to women 
of ch�ldbear�ng potent�al, cons�derat�ons should 
�nclude the reg�men’s effect�veness for treatment of 
HIV d�sease and the drugs’ potent�al for teratogen�c�ty 
should pregnancy occur. Women who are plann�ng 
to get pregnant should strongly cons�der use of 
ant�retrov�ral reg�mens that do not conta�n efav�renz 
(EFV) or other drugs w�th teratogen�c potent�al. In 
add�t�on, the effect�veness of a reg�men �n prevent�ng 
mother-to-ch�ld HIV transm�ss�on should be 
cons�dered.

f. Atta�n a stable, max�mally suppressed maternal 
v�ral load pr�or to concept�on �n women who are on 
ant�retrov�ral therapy and want to get pregnant.

g. Evaluate and control for therapy-assoc�ated s�de 
effects that may adversely �mpact maternal-fetal 
health outcomes (e.g., hyperglycem�a, anem�a, hepat�c 
tox�c�ty).

h. Evaluate for appropr�ate prophylax�s for opportun�st�c 
�nfect�ons and adm�n�strat�on of med�cal 
immunizations (e.g., influenza, pneumococcal, or 
hepat�t�s B vacc�nes) as �nd�cated.

�. Encourage sexual partners to rece�ve HIV test�ng and 
counsel�ng and appropr�ate HIV care �f �nfected.

j. Counsel regard�ng ava�lable reproduct�ve opt�ons, 
such as �ntrauter�ne or �ntravag�nal �nsem�nat�on, that 
prevent HIV exposure to an un�nfected partner [52]; 
expert consultat�on �s recommended.

k. Breastfeed�ng by HIV-�nfected women �s not 
recommended �n the Un�ted States due to r�sk of HIV 
transm�ss�on.

management of 
pregnant women with 
a partner known to be 
hiv infected
Increas�ngly cl�n�c�ans may be faced w�th the s�tuat�on 
�n wh�ch an HIV-un�nfected woman presents dur�ng 
pregnancy who relates that she has an HIV-�nfected 
partner. As �s recommended for all pregnant women, 
the woman should be notified that HIV screening is 
recommended and that she w�ll rece�ve an HIV test as part 
of the rout�ne panel of prenatal tests unless she decl�nes. In 
add�t�on, she should rece�ve a second HIV test dur�ng the 
th�rd tr�mester, preferably before 36 weeks of gestat�on, as 
�s recommended for h�gh-r�sk women. Furthermore, �f the 
pregnant woman presents �n labor w�th �ncomplete HIV 
test�ng (e.g., undocumented HIV test results or only one 
rather than two HIV tests), then she should be screened 
w�th a rap�d HIV test on the labor and del�very un�t [49]. If 
the cl�n�c�an suspects that a pregnant woman may be �n 
the “w�ndow” per�od of seroconvers�on (�.e., has s�gns 
or symptoms cons�stent w�th acute HIV �nfect�on), then 
a plasma HIV RNA test can be used �n conjunct�on w�th 
an HIV ant�body test, and HIV test�ng may be repeated 
�n 4 – 6 weeks. Women should be counseled regard�ng 
the symptoms of acute retrov�ral syndrome (�.e., fever, 
pharyng�t�s, rash, myalg�a, arthralg�a, d�arrhea, headache) 
and the �mportance of seek�ng med�cal care and test�ng �f 
she exper�ences such symptoms.

If results from e�ther convent�onal or rap�d HIV test�ng are 
pos�t�ve, then the woman should rece�ve �ntervent�ons to 
reduce per�natal HIV transm�ss�on, �nclud�ng �mmed�ate 
�n�t�at�on of appropr�ate ant�retrov�ral prophylax�s and 
cons�derat�on of elect�ve cesarean del�very accord�ng to 
establ�shed gu�del�nes (see Transmission and Mode of 
Delivery). In cases where confirmatory testing results are 
not read�ly ava�lable (e.g., rap�d test�ng dur�ng labor) then 
�t �s appropr�ate to �n�t�ate �ntervent�ons to reduce per�natal 
transmission even in the absence of confirmatory testing 
(see Infant Antiretroviral Prophylaxis). If HIV test�ng 
results are negat�ve, then pregnant women w�th HIV-
�nfected partners should be regularly counseled regard�ng 
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the ongo�ng r�sk of HIV transm�ss�on. If the partner’s HIV 
status �s at all uncerta�n, he should be encouraged to seek 
test�ng and appropr�ate care. All women and the�r partners 
should be counseled about the �mportance of correct and 
cons�stent condom use.
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general principles 
regarding use of 
antiretroviral drugs 
during pregnancy 

Med�cal care of the HIV-�nfected pregnant woman 
requ�res coord�nat�on and commun�cat�on between HIV-
spec�al�sts and obstetr�cal prov�ders. General counsel�ng 
should �nclude current knowledge regard�ng r�sk factors 
for per�natal transm�ss�on. C�garette smok�ng, �ll�c�t 
drug use, gen�tal tract �nfect�ons, and unprotected sexual 
�ntercourse w�th mult�ple partners dur�ng pregnancy have 
been assoc�ated w�th r�sk for per�natal HIV transm�ss�on 
[53-57]; �n add�t�on to �mprov�ng maternal health, 
d�scont�nu�ng c�garette smok�ng and drug use, treatment 
of gen�tal tract �nfect�ons, and use of condoms w�th sexual 
�ntercourse dur�ng pregnancy may also reduce r�sk of 
per�natal transm�ss�on. In add�t�on, the CDC recommends 
that HIV-�nfected women �n the Un�ted States (�nclud�ng 
those rece�v�ng ant�retrov�ral therapy) refra�n from 
breastfeed�ng to avo�d postnatal transm�ss�on of HIV to 
the�r �nfants through breast m�lk [58]� 

In add�t�on to the standard antenatal assessments for all 
pregnant women, the �n�t�al evaluat�on of an HIV-�nfected 
pregnant woman should �nclude an assessment of HIV 
d�sease status and recommendat�ons regard�ng ant�retrov�ral 
treatment or alterat�on of her current ant�retrov�ral reg�men. 
Th�s �n�t�al assessment should �nclude the follow�ng:  

a. evaluat�on of the degree of ex�st�ng 
immunodeficiency determined by past and current 
CD4 count;

b. evaluat�on of the r�sk for d�sease progress�on and 
per�natal HIV transm�ss�on as determ�ned by current 
plasma HIV RNA copy number; 

c. assessment of the need for prophylax�s aga�nst 
opportun�st�c �nfect�ons such as Pneumocystis 
jirovecii pneumon�a (PCP) or Mycobacterium avium 
complex (MAC) [59];

d. basel�ne evaluat�on w�th complete blood cell count, 
and renal and l�ver funct�on test�ng; 

e. h�story of pr�or and current ant�retrov�ral therapy;

f. h�story of pr�or ant�retrov�ral drug use for prevent�on 
of per�natal HIV transm�ss�on;

Antepartum Care

Panel’s Recommendations:

Initial evaluation of an infected pregnant 
woman should include an assessment of 
HIV disease status and recommendations 
regarding antiretroviral treatment or 
alteration of her current antiretroviral 
regimen.

The known benefits and potential risks of 
antiretroviral use during pregnancy should 
be discussed with all women. 

Antiretroviral therapy or antiretroviral 
prophylaxis for prevention of perinatal HIV 
transmission during the antepartum period 
should be recommended to all pregnant, 
HIV-infected women regardless of plasma 
HIV RNA copy number or CD4 cell count.

ZDV should be included in the antenatal 
antiretroviral regimen unless there is severe 
toxicity or documented resistance. 

If HIV RNA is detectable, antiretroviral drug 
resistance studies should be performed 
before starting/modifying therapy (see 
Antiretroviral Drug Resistance and 
Resistance Testing in Pregnancy). 

The importance of adherence to the 
antiretroviral treatment or prophylaxis 
regimen should be emphasized.

Coordination of services among prenatal 
care providers, primary care and HIV 
specialty care providers, mental health and 
drug abuse treatment services, and public 
assistance programs, if necessary, should 
be assured as part of recommending 
antiretroviral drugs during pregnancy.

•

•

•

•

•

•

•
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g. results of pr�or and current HIV ant�retrov�ral drug 
res�stance stud�es; and

h. assessment of support�ve care needs. 

Dec�s�ons regard�ng �n�t�at�on of or alterat�ons to 
ant�retrov�ral therapy and the cho�ce of ant�retrov�ral 
reg�mens dur�ng pregnancy are complex. Factors 
influencing benefit and risk that are unique to pregnancy in 
add�t�on to those common to all HIV-�nfected adults must 
be we�ghed. General gu�del�nes for the use of ant�retrov�ral 
drug treatment for the benefit of maternal health are the 
same as for women who are not pregnant. In add�t�on, there 
are recommendat�ons for the use of ant�retrov�ral drugs 
for prophylax�s to prevent per�natal HIV transm�ss�on 
even �n women for whom therapy would not otherw�se be 
�nd�cated.   

In general, �f plasma HIV RNA �s detectable, ant�retrov�ral 
drug res�stance stud�es should be performed before 
start�ng ant�retrov�ral therapy or prophylax�s. However, 
�f HIV �s d�agnosed late �n pregnancy, therapy should be 
�n�t�ated wh�le awa�t�ng results of res�stance test�ng (see 
Antiretroviral Drug Resistance and Resistance Testing 
in Pregnancy). 

Maternal tox�c�t�es and r�sks of therapy must be cons�dered, 
along w�th the add�t�onal cons�derat�ons of the potent�al 
�mpact of such therapy on the outcome of pregnancy 
and on the fetus and �nfant. These dec�s�ons are further 
compl�cated because there are only l�m�ted data on the 
long-term consequences for the woman on the use of 
ant�retrov�ral drugs only dur�ng pregnancy for prophylax�s 
of transm�ss�on. S�m�larly, there are only l�m�ted data on the 
long-term consequences of in utero ant�retrov�ral exposure 
for the �nfant. 

Dec�s�ons regard�ng the use and cho�ce of an ant�retrov�ral 
reg�men should be �nd�v�dual�zed based on the follow�ng 
factors:

a. gestat�onal age of the pregnancy;

b. ant�retrov�ral treatment recommendat�ons for the 
health of the HIV-�nfected woman;

c. the efficacy of antiretroviral regimens for 

prevent�on of per�natal HIV transm�ss�on;

d. known, suspected, and �n some cases unknown 
effects of part�cular drugs or reg�mens on the fetus 
and newborn, on the outcome of pregnancy, and for 
the woman; and

e. HIV ant�retrov�ral drug res�stance stud�es. 

D�scuss�on of treatment opt�ons w�th a pregnant woman 
should be noncoercive, and the final decision regarding use 
of ant�retrov�ral drugs �s the respons�b�l�ty of the woman. 
The known benefits and known and unknown risks of 
such therapy dur�ng pregnancy should be cons�dered and 
d�scussed. Results from precl�n�cal and an�mal stud�es 
and ava�lable cl�n�cal �nformat�on about use of the var�ous 
ant�retrov�ral agents dur�ng pregnancy should be d�scussed 
w�th the woman (Table 2 and 3). R�sks of these drugs 
dur�ng pregnancy should be placed �n perspect�ve by also 
discussing benefits of antiretroviral therapy for the health 
of the �nfected woman and for reduc�ng the r�sk for HIV 
transm�ss�on to her �nfant. 

Per�natal HIV transm�ss�on can occur even at low or 
undetectable HIV RNA copy numbers [3, 12]. Thus, HIV 
RNA levels should not be a determ�n�ng factor when 
dec�d�ng whether to use ant�retrov�ral drugs for prevent�on 
of perinatal transmission. Additionally, the efficacy of 
ant�retrov�ral drugs �s not solely related to lower�ng v�ral 
load [3, 12, 13, 46]� Therefore, ant�retrov�ral prophylax�s 
should be recommended even to women who have a very 
low or undetectable v�ral load on no therapy.

D�scuss�on w�th the woman about �n�t�at�on of ant�retrov�ral 
therapy should �nclude the follow�ng:

a. maternal r�sk for d�sease progress�on and the 
benefits and risks of initiation of therapy for her 
own health;

b. benefit of lowering HIV viral load to reduce the 
r�sk of per�natal transm�ss�on; 

c. benefit of antiretroviral prophylaxis independent 
of the effect on v�ral load as well as the add�t�ve 
benefit of combination antiretroviral regimens for 
prevent�ng per�natal HIV transm�ss�on [3];
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d. the poss�b�l�ty of development of drug res�stance, 
�nclud�ng the need for str�ct adherence to the 
prescr�bed drug schedule to avo�d �ts development, 
as well as the �ncreased l�kel�hood of development 
of res�stance �n the sett�ng of h�gh v�ral loads w�th 
use of nonsuppress�ve therapy; 

e. the l�m�ted long-term outcome data for both �nfants 
w�th in utero ant�retrov�ral exposure and for 
women who temporar�ly use ant�retrov�ral drugs 
for prophylax�s of transm�ss�on.

The �mportance of adherence to the ant�retrov�ral treatment 
or prophylax�s reg�men should be emphas�zed. Depend�ng 
on �nd�v�dual c�rcumstances, prov�s�on of support serv�ces, 
mental health serv�ces, and drug abuse treatment may be 
requ�red. Coord�nat�on of serv�ces among prenatal care 
prov�ders, pr�mary care and HIV spec�alty care prov�ders, 
mental health and drug abuse treatment serv�ces, and publ�c 
ass�stance programs �s essent�al to ensure adherence of 
the �nfected woman to ant�retrov�ral treatment reg�mens. 
Long-range plans should be developed w�th the woman 
regard�ng cont�nu�ty of med�cal care and dec�s�ons about 
ant�retrov�ral therapy for her own health after the b�rth of 
her �nfant.  
 
  

recommendations for 
use of antiretroviral 
drugs during pregnancy 
Recommendat�ons for ant�retrov�ral therapy dur�ng 
pregnancy must be individualized according to the specific 
ant�retrov�ral h�story of the HIV-�nfected pregnant woman. 
Some women may be rece�v�ng ant�retrov�ral therapy for 
the�r own health at the t�me they become pregnant, and 
present for obstetr�cal care on such therapy. Other HIV-
�nfected women may not be rece�v�ng ant�retrov�ral therapy 
at the t�me they present for obstetr�cal care. Some of 
these women w�ll never have rece�ved ant�retrov�ral drugs 
before, wh�le other women may have prev�ously rece�ved 
ant�retrov�ral drugs, e�ther for treatment that was stopped 
or for prophylax�s to prevent per�natal HIV transm�ss�on �n 
pr�or pregnanc�es. Cons�derat�ons for �n�t�at�ng therapy w�ll 
d�ffer for such women accord�ng to whether ant�retrov�ral 

drugs are currently �nd�cated for maternal health or solely 
for fetal protect�on. The ant�retrov�ral recommendat�ons 
below are d�v�ded �nto sect�ons accord�ng to ant�retrov�ral 
treatment status at the t�me the woman presents for care and 
whether there are �nd�cat�ons for therapy.  

Although data are insufficient to support or refute the 
teratogen�c r�sk of ant�retrov�ral drugs when adm�n�stered 
during the first 10 weeks of gestation, information to date 
does not support major teratogen�c effects of the major�ty 
of ant�retrov�ral drugs. However, certa�n drugs are of more 
concern than others (Table 2 and see Teratogenicity and 
**Safety and Toxicity of Individual Antiretroviral Drugs 
in Pregnancy**). For example, EFV should be avo�ded 
during the first trimester of pregnancy.  

Three-drug combination regimens including nelfinavir 
have had extens�ve use �n pregnancy. However, �n 
September 2007, the U.S. manufacturer, Pfizer, sent a 
letter to prov�ders regard�ng the presence of ethyl methane 
sulfonate (EMS), a process-related �mpur�ty, �n V�racept 
(nelfinavir mesylate) available in the United States. Health 
care prov�ders were adv�sed not to �n�t�ate ant�retrov�ral 
regimens containing Viracept (nelfinavir) in their pregnant 
female or new ped�atr�c pat�ents and to sw�tch pregnant 
patients receiving Viracept (nelfinavir) to alternative 
therapy unless no alternat�ve was ava�lable. As of March 
31, 2008, all Viracept (nelfinavir) manufactured and 
released by Pfizer now meets the new final EMS limits 
establ�shed by the FDA for prescr�b�ng to all pat�ent 
populat�ons, �nclud�ng pregnant women and ped�atr�c 
patients. Viracept (nelfinavir) may now be prescribed for 
pregnant women as an alternate PI for women rece�v�ng 
ant�retrov�ral therapy dur�ng pregnancy solely for 
prevent�on of maternal-to-ch�ld transm�ss�on. 

Table 3 provides recommendations about use of specific 
ant�retrov�ral drugs �n pregnancy as well as data on 
pharmacok�net�cs and tox�c�ty �n pregnancy. Table 4 
prov�des a summary of management recommendat�ons for 
the mother and �nfant �n a var�ety of cl�n�cal scenar�os.

 

http://aidsinfo.nih.gov/contentfiles/PerinatalGLSafetyTox_Sup.pdf
http://aidsinfo.nih.gov/contentfiles/PerinatalGLSafetyTox_Sup.pdf
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HIV-Infected Pregnant Women 
Who Are Currently Receiving 
Antiretroviral Treatment 

Wh�le ZDV should be a component of the antenatal 
ant�retrov�ral treatment reg�men, there may be 
c�rcumstances, such as the occurrence of severe ZDV-
related tox�c�ty or documented ZDV res�stance, when 
th�s �s not poss�ble. Add�t�onally, women rece�v�ng an 
ant�retrov�ral reg�men that does not conta�n ZDV but who 
have HIV RNA levels that are undetectable have a very 
low r�sk of per�natal transm�ss�on [60], and there may be 
concerns that subst�tut�on of ZDV for another component 
of the reg�men or the add�t�on of ZDV to the current 
reg�men could comprom�se adherence to treatment. In such 
cases, cont�nu�ng a non-ZDV-conta�n�ng reg�men that �s 
fully suppress�ve �s reasonable.  

In general, women who have been rece�v�ng ant�retrov�ral 
treatment for the�r HIV �nfect�on should cont�nue treatment 
dur�ng pregnancy. D�scont�nuat�on of therapy could lead to 
an �ncrease �n v�ral load, wh�ch could result �n a decl�ne �n 
�mmune status and d�sease progress�on as well as adverse 

consequences for both the fetus and the woman, �nclud�ng 
�ncreased r�sk of HIV transm�ss�on. Therefore, HIV-
�nfected women rece�v�ng ant�retrov�ral therapy at the t�me 
of conception whose pregnancy is identified after the first 
tr�mester should always cont�nue therapy.   

HIV-�nfected women rece�v�ng ant�retrov�ral treatment 
who present for care during the first trimester of pregnancy 
should be counseled regarding the benefits and potential 
r�sks of ant�retrov�ral adm�n�strat�on dur�ng th�s per�od, and 
cont�nuat�on of therapy should be recommended. However, 
EFV should be avoided during the first trimester of 
pregnancy. If a woman �s rece�v�ng EFV and her pregnancy 
is recognized during the first trimester, substitution of 
an alternat�ve ant�retrov�ral drug �s recommended when 
poss�ble (see Monitoring of the Woman and Fetus 
during Pregnancy).

Pregnant women who are rece�v�ng NVP-conta�n�ng 
reg�mens w�th v�ral suppress�on and are tolerat�ng the 
reg�men well should cont�nue therapy, regardless of CD4 
count. Wh�le hepat�c tox�c�ty �s a concern �n women w�th 
a CD4 count >250 cells/mm3 at the time they first initiate 
an NVP-conta�n�ng reg�men, an �ncreased r�sk of hepat�c 
tox�c�ty has not been seen �n women who are rece�v�ng 
NVP-based therapy and have �mmune reconst�tut�on w�th 
therapy. 

HIV-Infected Pregnant Women Who 
Have Never Received Antiretroviral 
Drugs (Antiretroviral-Naïve)

Panel’s Recommendations:

Continue the antiretroviral treatment 
regimen if it is currently effective in 
suppressing viral replication; however, 
avoid use of EFV in the first trimester of 
pregnancy.

HIV antiretroviral drug resistance testing is 
recommended if the woman has detectable 
viremia* on therapy (see Failure of Viral 
Suppression).

Pregnant women receiving NVP-containing 
regimens who are virologically suppressed 
and tolerating the regimen should continue 
therapy, regardless of CD4 count.

*Dependent on the resistance assay being used; some 
assays require HIV RNA levels of ≥1,000 copies/mL for 
performance of the resistance assay, while other assays 
can be used with lower levels of viral replication. 

•

•

•

Panel’s Recommendations:

HIV-infected pregnant women who 
meet standard criteria for initiation of 
antiretroviral therapy per adult antiretroviral 
treatment guidelines should receive 
standard potent combination antiretroviral 
therapy as recommended for nonpregnant 
adults, taking into account what is known 
about use of specific drugs in pregnancy 
(Table 3).

•



July 8, 2008

15Recommendations for Use of Antiretroviral Drugs in Pregnant HIV-Infected Women for Maternal Health 
and Interventions to Reduce Perinatal HIV Transmission in the United States

Pregnant women w�th HIV �nfect�on should rece�ve 
standard cl�n�cal, �mmunolog�c, and v�rolog�c evaluat�on. 
Dec�s�ons about the need for �n�t�at�on of therapy should be 
based on standard gu�del�nes �n nonpregnant adults [5]�  
 

HIV-Infected Pregnant Women Not on 
Antiretroviral Therapy and Who Need 
Antiretroviral Treatment for Their Own 
Health

Any HIV-�nfected pregnant woman who meets standard 
cr�ter�a for �n�t�at�on of ant�retrov�ral therapy as per adult 
ant�retrov�ral gu�del�nes should rece�ve potent comb�nat�on 
ant�retrov�ral therapy, generally cons�st�ng of two 

nucleos�de reverse transcr�ptase �nh�b�tors (NRTIs) plus 
a non-nucleos�de reverse transcr�ptase �nh�b�tor (NNRTI) 
or protease �nh�b�tor(s), w�th cont�nuat�on of therapy 
postpartum. For women who requ�re �mmed�ate �n�t�at�on 
of therapy for the�r own health, treatment should be started 
as soon as possible, including in the first trimester, as the 
potential benefit of treatment for the mother outweighs 
potent�al fetal r�sks. The reg�men should be chosen from 
those recommended for nonpregnant adults tak�ng �nto 
account what �s known about use of the drugs dur�ng 
pregnancy and r�sk of teratogen�c�ty (Table 3 and see 
Teratogenicity) [5]�

Women w�th CD4 counts >250 cells/mm3 have an �ncreased 
r�sk of develop�ng symptomat�c, often rash-assoc�ated, 
NVP-related hepatotox�c�ty, wh�ch can be severe, l�fe-
threaten�ng, and �n some cases fatal [61, 62]. Therefore, 
NVP should only be used as a component of a comb�nat�on 
reg�men when ant�retrov�ral therapy �s be�ng �n�t�ated �n 
women w�th CD4 counts >250 cells/mm3 if the benefit 
clearly outwe�ghs r�sk. If NVP �s used, frequent and careful 
mon�tor�ng of transam�nase levels, part�cularly dur�ng the 
first 18 weeks of treatment, is required (see Nevirapine 
and Hepatic/Rash Toxicity). Transam�nase levels should 
be checked �n all women who develop a rash wh�le 
rece�v�ng NVP. NVP should be stopped �mmed�ately �n all 
women who develop s�gns or symptoms of hepat�t�s. 
 

HIV-Infected Pregnant Women Not 
on Antiretroviral Therapy Who Require 
Antiretroviral Prophylaxis Solely to 
Prevent Perinatal HIV Transmission 

HIV-�nfected pregnant women should be counseled 
regarding the benefits of antiretroviral therapy for 
prevent�on of per�natal transm�ss�on even when �n�t�at�on 
of ant�retrov�ral therapy �s not recommended or cons�dered 
opt�onal on the bas�s of current gu�del�nes for treatment 
of nonpregnant persons [5]. Although such women are at 
low r�sk for cl�n�cal d�sease progress�on �f ant�retrov�ral 
treatment �s delayed, use of an ant�retrov�ral reg�men that 
successfully reduces plasma HIV RNA to undetectable 
levels substant�ally lowers the r�sk of per�natal HIV 

For women who require immediate 
initiation of therapy for their own health, 
treatment should be initiated as soon as 
possible, including in the first trimester.

HIV-infected pregnant women who do 
not require treatment for their own health 
should also receive three-drug combination 
antiretroviral regimens for prophylaxis 
of perinatal transmission; use of ZDV 
prophylaxis alone is controversial, but may 
be considered for those women initiating 
prophylaxis with plasma HIV RNA levels 
<1,000 copies/mL on no therapy.

For women who are receiving 
antiretroviral drugs solely for prevention 
of perinatal transmission, delaying 
initiation of prophylaxis until after the 
first trimester can be considered.  

Use of ZDV as a component of the 
antiretroviral regimen is recommended 
when feasible.

NVP can be used as a component of initial 
therapy for pregnant women with CD4 cell 
counts <250 cells/mm3, but should only 
be used as a component of antiretroviral 
therapy in pregnant women with CD4 cell 
counts >250 cells/mm3 if the benefit clearly 
outweighs the risk due to an increased risk 
of hepatic toxicity. 

○

•

○

•

•
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transm�ss�on and lessens the need for cons�derat�on of 
elect�ve cesarean del�very as an �ntervent�on to reduce 
transm�ss�on r�sk. 

Because the fetus �s most suscept�ble to the potent�al 
teratogenic effects of drugs during the first 10 weeks of 
gestat�on and the r�sks of ant�retrov�ral therapy dur�ng that 
period are not fully known, women in the first trimester 
of pregnancy who do not requ�re �mmed�ate �n�t�at�on 
of therapy for the�r own health may cons�der delay�ng 
�n�t�at�on unt�l after 10 to 12 weeks gestat�on. Th�s dec�s�on 
should be carefully cons�dered by the health-care prov�der 
and the pat�ent; a d�scuss�on should �nclude an assessment 
of the woman’s health status, the benefits and risks to her 
of delay�ng �n�t�at�on of therapy for several weeks, and the 
fact that most per�natal HIV transm�ss�on l�kely occurs late 
�n pregnancy or dur�ng del�very.

Ant�retrov�ral prophylax�s �s recommended for all pregnant 
women w�th HIV �nfect�on, regardless of v�ral load. Wh�le 
rates of per�natal transm�ss�on are low �n women w�th 
undetectable or low HIV RNA levels (e.g., <1,000 cop�es/
mL), there �s no threshold below wh�ch lack of transm�ss�on 
can be assured [3, 36, 37]. The mechan�sm by wh�ch 
ant�retrov�ral drugs reduce per�natal HIV transm�ss�on �s 
mult�factor�al. Wh�le lower�ng maternal antenatal v�ral load 
�s an �mportant component of prevent�on �n women w�th 
h�gher v�ral load, ant�retrov�ral prophylax�s �s effect�ve 
even �n women w�th low v�ral load and when maternal 
antenatal therapy �s unable to be g�ven [12, 14-17]. 
Add�t�onal mechan�sms of protect�on �nclude pre-exposure 
prophylax�s of the �nfant, prov�ded by passage of the 
ant�retrov�ral drug across the placenta so that �nh�b�tory 
levels of drug are present �n the fetus dur�ng the b�rth 
process, and post-exposure prophylax�s through cont�nued 
adm�n�strat�on to the �nfant. Although placental passage 
of ZDV �s excellent, that of other ant�retrov�ral drugs 
may be var�able (Table 2). Therefore, when comb�nat�on 
ant�retrov�ral therapy �s �n�t�ated dur�ng pregnancy, ZDV 
should be �ncluded as a component of antenatal therapy 
whenever poss�ble. If antenatal ZDV use �s not poss�ble, at 
least one agent w�th known transplacental passage should 
be part of the ant�retrov�ral reg�men (see Table 2). 

Comb�nat�on ant�retrov�ral reg�mens conta�n�ng at least 
three drugs (�.e., HAART) for prevent�on of per�natal 
HIV transm�ss�on should be d�scussed and offered to all 
pregnant women w�th HIV �nfect�on. A number of stud�es 
suggest that antenatal use of comb�nat�on ant�retrov�ral 
reg�mens further reduces transm�ss�on compared to use 
of ZDV alone. In a long�tud�nal ep�dem�olog�c study 
conducted �n the Un�ted States s�nce 1990, transm�ss�on 
was observed �n 20% of women w�th HIV �nfect�on who 
rece�ved no ant�retrov�ral treatment dur�ng pregnancy, 
10.4% who rece�ved ZDV alone, 3.8% who rece�ved 
comb�nat�on therapy w�thout protease �nh�b�tors (pr�mar�ly 
dual NRTIs), and 1.2% who rece�ved comb�nat�on therapy 
w�th protease �nh�b�tors [3]�  

If HAART �s g�ven solely to reduce per�natal transm�ss�on, 
would not have been needed �f the woman were not 
pregnant, and w�ll be stopped postpartum, use of a three-
drug reg�men that �s not cons�dered to be one of the 
standard first-line regimens used for adults who require 
therapy may be cons�dered. However, the reg�men should 
be among those cons�dered an alternat�ve effect�ve 
treatment for adults. In part�cular, the tr�ple NRTI 
comb�nat�on ZDV/3TC/ABC reg�men may be cons�dered 
because of known pharmacokinetics profiles and published 
data suggest�ng acceptable tox�c�t�es dur�ng pregnancy. 
However, th�s reg�men has �nfer�or long-term v�rolog�c 
efficacy, and for women with high CD4 count but h�gh v�ral 
load (�.e., CD4 count >350/mm3 and HIV RNA >100,000 
copies/mL), use of first-line, more potent regimens should 
be cons�dered. Dual NRTI therapy w�thout the add�t�on of 
a th�rd drug (�.e., a protease �nh�b�tor, NNRTI, or a th�rd 
NRTI) �s not recommended because of the potent�al for 
�nadequate v�ral suppress�on and rap�d development of 
res�stance [5, 63]�

The t�me-l�m�ted use of ZDV monotherapy dur�ng 
pregnancy for chemoprophylax�s aga�nst per�natal 
transm�ss�on �s controvers�al. However, some women may 
w�sh to restr�ct exposure of the�r fetus to ant�retrov�ral 
drugs dur�ng pregnancy wh�le st�ll reduc�ng the r�sk of 
transm�tt�ng HIV to the�r �nfants. Add�t�onally, for women 
w�th low v�ral load, t�me-l�m�ted use of ZDV dur�ng the 
second and th�rd tr�mesters of pregnancy �s less l�kely 
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to �nduce the development of res�stance than �n women 
w�th h�gher v�ral loads because of the low level of v�ral 
repl�cat�on �n the pat�ent and the short durat�on of exposure 
to the ant�retrov�ral drug. For example, the development of 
ZDV res�stance was unusual among the healthy populat�on 
of women who part�c�pated �n PACTG 076 [64]�� Thus, 
wh�le controvers�al, the use of ZDV chemoprophylax�s 
alone dur�ng pregnancy m�ght be an appropr�ate opt�on for 
th�s subset of women (�.e., women w�th HIV RNA levels 
<1,000 on no treatment).  

In general, �f ant�retrov�ral therapy �s g�ven solely for 
prevent�on of per�natal HIV transm�ss�on, the ant�retrov�ral 
drugs are d�scont�nued postnatally, w�th the opt�on to 
re�n�t�ate standard potent treatment reg�mens �n the future 
accord�ng to usual cr�ter�a for nonpregnant �nd�v�duals. 
D�scuss�on regard�ng the dec�s�on to cont�nue or stop 
treatment postpartum should occur before beg�nn�ng 
therapy dur�ng pregnancy. Generally, when drugs are 
d�scont�nued postnatally, all drugs should be stopped 
s�multaneously. However, as d�scussed later (see Stopping 
Antiretroviral Therapy during Pregnancy), �n women 
rece�v�ng NNRTI-based reg�mens, cont�nu�ng the dual 
NRTI backbone for a per�od of t�me (e.g., 7 days) after 
stopp�ng the NNRTI should be cons�dered to prevent the 
development of NNRTI res�stance. 
 

HIV-Infected Pregnant Women 
Who Have Previously Received 
Antiretroviral Treatment or 
Prophylaxis But Are Not Currently 
Receiving Any Antiretroviral 
Medications

Follow�ng ant�retrov�ral prophylax�s used solely for 
prevent�on of per�natal HIV transm�ss�on, there are no data 
to gu�de the cho�ce of ant�retrov�ral reg�mens to be used �n 
a subsequent pregnancy. 

There �s concern that some women w�th such t�me-
l�m�ted use of ant�retrov�ral drugs may develop genotyp�c 
res�stance to one or more components of the �n�t�al 
antiretroviral regimen, thus limiting the efficacy of such 
drugs for use dur�ng subsequent pregnanc�es. However, 
reduced efficacy of standard regimens, particularly those 
conta�n�ng the dual NRTI backbone of ZDV and 3TC, 
�n success�ve pregnanc�es has not been demonstrated. 
G�ven the lack of substant�ve data, �t �s reasonable 
to make prel�m�nary dec�s�ons about ant�retrov�ral 
reg�mens based on results of �n�t�al res�stance test�ng. 
However, �nterpretat�on of res�stance test�ng follow�ng 
d�scont�nuat�on of ant�retrov�ral drugs �s complex, as the 
assay may not detect low-level drug res�stant v�ral var�ants 
because w�ld-type sens�t�ve v�rus may predom�nate when 
select�ve drug pressure �s removed by stopp�ng the drugs. 
Thus, careful mon�tor�ng of v�rolog�c response to the 
chosen ant�retrov�ral reg�men �s �mportant. Dec�s�ons to 
alter therapy based on lack of v�rolog�c response should be 
gu�ded by repeat res�stance test�ng.

Panel’s Recommendations:

Obtain an accurate history of all prior 
antiretroviral regimens used for treatment of 
HIV disease or prevention of transmission 
and results of prior resistance testing.

Perform HIV antiretroviral drug resistance 

•

•

testing prior to initiating repeat antiretroviral 
prophylaxis or therapy.

Initiate HAART, with regimen chosen 
based on resistance testing and prior 
therapy history, and avoid drugs with 
teratogenic potential (EFV) or with known 
adverse potential for the pregnant mother 
(combination stavudine [d4T]/didanosine 
[ddI]). 

Women who do not show an appropriate 
virologic response to their antiretroviral 
regimen (see Monitoring of the Woman 
and Fetus During Pregnancy) require 
repeat antiretroviral drug resistance testing, 
as well as consultation with a clinician 
experienced in HIV treatment, to guide 
changes in antiretroviral therapy.

•

•
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Some women may have rece�ved ant�retrov�ral 
treatment before the current pregnancy and may not be 
rece�v�ng ant�retrov�ral drugs at the t�me they present 
for obstetr�cal care, hav�ng d�scont�nued the drugs for a 
var�ety of reasons and for var�able lengths of t�me pr�or 
to pregnancy. Appropr�ate cho�ce of ant�retrov�ral drugs 
w�ll vary accord�ng to the h�story of ant�retrov�ral use, 
the �nd�cat�on for stopp�ng therapy, whether the drugs 
are currently needed for treatment or prophylax�s, and 
results of res�stance test�ng. For example, women w�th 
a h�story of pr�or ant�retrov�ral therapy assoc�ated w�th 
successful suppress�on of v�ral load who then stopped 
all drugs s�multaneously (or staggered d�scont�nuat�on �f 
NNRTI-based) and who have no ev�dence of res�stance 
may be able to restart the same reg�men. Alternat�vely, 
select�on of an appropr�ate ant�retrov�ral reg�men for 
women w�th advanced HIV d�sease, a h�story of extens�ve 
prior antiretroviral therapy, or history of significant toxicity 
to ant�retrov�ral drugs �n the past may be challeng�ng 
even for health care prov�ders exper�enced �n HIV care. 
In add�t�on to obta�n�ng genotyp�c res�stance test�ng as 
descr�bed above, �t �s recommended that spec�al�sts �n the 
treatment of HIV �nfect�on be consulted about the cho�ce of 
ant�retrov�ral therapy �n such cases. 

 
special situations 

Hepatitis B Virus Coinfection

Panel’s Recommendations:

Screening for hepatitis B surface antigen is 
recommended for all HIV-infected pregnant 
women who have not been screened during 
the current pregnancy.

Interferon-alpha and pegylated interferon-
alpha are not recommended during 
pregnancy.

For pregnant women with chronic hepatitis 
B virus (HBV) (i.e., hepatitis B surface 
antigen positive for >6 months)/HIV 

•

•

•

coinfection who require antiretroviral 
treatment for HIV disease or who require 
anti-HBV therapy, a three-drug regimen 
including a dual NRTI backbone of 
tenofovir plus 3TC or emtricitabine (FTC) is 
recommended.

 ○ For women who require treatment  
 of HBV but not HIV, postpartum options  
 include stopping antiretroviral drugs  
 and initiating pegylated interferon-alpha  
 for HBV treatment, or continuing  
 the three-drug antiretroviral regimen.  
 Consultation with an expert is advised. 

For pregnant women with HBV/HIV 
coinfection who do not require treatment 
for either HIV or HBV and therefore 
discontinue prophylaxis postpartum, 
consultation with an expert in HIV and HBV 
is recommended.

 ○ Many experts would give an antepartum  
 three-drug regimen including the  
 dual NRTI backbone of tenofovir plus  
 3TC or FTC and discontinue the  
 regimen postpartum, with careful  
 monitoring postpartum for HBV  
 disease flare, which could be treated  
 with HBV-specific therapy such as  
 pegylated interferon-alpha.

 ○ Alternatively, some experts would  
 give an antepartum three-drug regimen  
 including a dual NRTI backbone that  
 does not contain tenofovir, 3TC, or  
 FTC (e.g., ZDV + ddI), with  
 discontinuation postpartum.

Pregnant women with HBV/HIV coinfection 
receiving antiretroviral drugs should be 
counseled about signs and symptoms of 
liver toxicity and transaminases should be 
assessed 2 weeks following initiation of 
antiretroviral therapy or prophylaxis and 
then at least monthly.

Infants born to women with hepatitis B 
infection should receive hepatitis B immune 
globulin (HBIG) and initiate the three-dose 
hepatitis B vaccination series within 12 
hours of birth.

•

•

•
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All HIV-�nfected pregnant women should be screened for 
hepat�t�s B surface ant�gen. The management of HBV/HIV 
co�nfect�on �n pregnancy �s complex and consultat�on w�th 
an expert �n HIV and HBV �nfect�on �s adv�sed.

There �s a pauc�ty of data regard�ng the opt�mal treatment 
of HIV-�nfected pregnant women w�th chron�c HBV 
co�nfect�on (�.e., hepat�t�s B surface ant�gen pos�t�ve 
for >6 months). There are no definitive studies on the 
safety of ant�v�ral therapy for HBV dur�ng pregnancy 
and breastfeed�ng; �nterferon and peg-�nterferon are not 
recommended dur�ng pregnancy.   

Current treatment gu�del�nes for HBV/HIV co�nfected 
nonpregnant adults who requ�re treatment of the�r HIV 
�nfect�on recommend the NRTI comb�nat�on of tenofov�r 
plus FTC or tenofov�r plus 3TC as the dual NRTI backbone 
of an ant�retrov�ral reg�men, regardless of the need for 
concom�tant HBV treatment [5]. Tenofov�r, 3TC, and 
FTC all show act�v�ty aga�nst HBV. Because of the r�sk of 
development of HBV-res�stant mutants, use of two agents 
act�ve aga�nst HBV �s recommended as the dual NRTI 
backbone when ant�retrov�ral treatment �s requ�red.  

3TC �s a recommended and FTC �s an alternat�ve NRTI for 
use in pregnancy. There are currently insufficient data to 
recommend use of tenofov�r �n pregnancy, and therefore 
�t �s generally recommended to be used as a component 
of maternal comb�nat�on reg�men only after careful 
cons�derat�on of alternat�ves (see Table 3). However, 
for pregnant women w�th HBV/HIV co�nfect�on who 
require treatment of HIV disease, the benefit of tenofovir 
outwe�ghs potent�al r�sks, and tenofov�r plus 3TC or FTC 
�s recommended as the dual NRTI backbone of a three-
drug therapeut�c reg�men. Wh�le ZDV should generally be 
a component of ant�retrov�ral reg�mens �n pregnancy, �n 
HBV/HIV co�nfected women th�s may not be feas�ble.

A three-drug reg�men �nclud�ng tenofov�r plus 3TC or 
FTC �s also recommended for HBV/HIV-�nfected pregnant 
women who do not requ�re treatment of HIV but do requ�re 
treatment of the�r HBV d�sease. In nonpregnant co�nfected 
pat�ents who requ�re treatment of HBV d�sease but not of 
HIV, pegylated �nterferon-alpha treatment �s recommended. 

However, th�s drug �s not recommended �n pregnancy. 
Add�t�onally, the use of tenofov�r plus 3TC or FTC w�thout 
a th�rd ant�retrov�ral drug should be avo�ded because of 
the rap�d development of drug-res�stant HIV mutat�ons. 
Entecav�r should not be used for treatment of HBV 
�nfect�on w�thout concom�tant comb�nat�on treatment for 
HIV �nfect�on because recent data suggest that the M184V 
res�stance mutat�on may emerge �n HIV-�nfected pat�ents 
rece�v�ng entecav�r alone [65]. Entecav�r �s assoc�ated 
w�th skeletal anomal�es �n rats and rabb�ts but only at h�gh, 
maternally tox�c doses. Data on use of entecav�r �n human 
pregnancy are not ava�lable. Postpartum, the pat�ent could 
stop the antiretroviral regimen and initiate HBV-specific 
therapy (e.g., pegylated �nterferon-alpha) to cont�nue HBV 
treatment, or cont�nue the three-drug ant�retrov�ral reg�men. 

For pregnant women w�th HBV/HIV co�nfect�on who do 
not requ�re treatment of HIV or HBV d�sease and therefore 
are rece�v�ng ant�retrov�ral drugs solely for prevent�on of 
per�natal HIV transm�ss�on and w�ll d�scont�nue therapy 
postpartum, there �s controversy regard�ng the appropr�ate 
approach to therapy. Many experts recommend use of 
a three-drug reg�men that �ncludes the ant�-HBV drug 
tenofov�r plus 3TC or FTC dual NRTI backbone due to 
concern about HBV immune reconstitution inflammatory 
syndrome (IRIS) w�th �n�t�at�on of therapy. Although 
concern about ant�retrov�ral treatment-�nduced HBV 
IRIS should be less �n th�s group of pregnant women 
because they do not requ�re therapy for the�r own health 
and therefore do not have severe immunodeficiency (the 
greatest r�sk factor for development of IRIS follow�ng 
�n�t�at�on of ant�retrov�ral therapy), treat�ng a potent�al 
HBV flare in the postpartum period after discontinuing 
HBV-act�ve therapy may be assoc�ated w�th less r�sk than 
treating an immune-mediated flare during pregnancy. 
In add�t�on, us�ng drugs w�th ant�-HBV act�v�ty dur�ng 
pregnancy w�ll lower HBV levels and potent�ally decrease 
the r�sk of fa�lure of HBIG and hepat�t�s B vacc�ne to 
prevent per�natal transm�ss�on of HBV, wh�ch �s �ncreased 
among women w�th very h�gh HBV DNA levels. If such 
an approach �s followed, l�ver funct�on should be carefully 
mon�tored postpartum follow�ng d�scont�nuat�on of drugs; 
if severe flare-up of HBV disease occurs postpartum, 
�n�t�at�on of ant�-HBV therapy such as pegylated �nterferon-
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alpha can be cons�dered. Alternat�vely, for women who 
requ�re prophylax�s of per�natal HIV �nfect�on but do not 
requ�re treatment for HBV �nfect�on, some experts choose 
to use an ant�retrov�ral reg�men w�thout ant�-HBV act�v�ty 
(e.g., use of a dual NRTI backbone that conta�ns drugs 
other than tenofov�r, 3TC, or FTC could be cons�dered, 
such as ZDV and ddI) to avo�d the poss�b�l�ty of an HBV 
flare when treatment is discontinued postpartum.   

An elevat�on �n hepat�c enzymes follow�ng �n�t�at�on of 
ant�retrov�ral therapy may occur �n HBV/HIV co�nfected 
women due to an immune-mediated flare in HBV disease 
secondary to �mmune reconst�tut�on w�th therapy, 
part�cularly �n women w�th low CD4 cell count at the t�me 
of �n�t�at�on of therapy. HBV �nfect�on may also �ncrease 
hepatotoxic risk of certain antiretroviral agents, specifically 
protease �nh�b�tors and NVP. Pregnant women w�th 
HBV/HIV co�nfect�on should be counseled about s�gns 
and symptoms of l�ver tox�c�ty, and transam�nases should 
be assessed 2 weeks follow�ng �n�t�at�on of ant�retrov�ral 
therapy or prophylax�s �n women not already rece�v�ng 
drugs, and then at least monthly. If hepat�c tox�c�ty occurs, 
subst�tut�on of a less hepatotox�c drug reg�men may need 
to be considered or, if clinical symptoms or significant 
elevat�ons of transam�nases occur, drugs may need to be 
temporarily discontinued. It can be difficult to differentiate 
a flare in HBV disease due to immune reconstitution from 
drug tox�c�ty, and consultat�on w�th an expert �n HIV 
�nfect�on �s recommended.

All �nfants born to HBV surface ant�gen pos�t�ve mothers 
should rece�ve HBIG and �n�t�ate the three-dose hepat�t�s B 
vacc�nat�on ser�es w�th�n 12 hours of b�rth. The second and 
th�rd doses of vacc�ne should be adm�n�stered at 1 and 6 
months of age, respect�vely. Th�s reg�men �s >95% effect�ve 
�n prevent�ng HBV �nfect�on �n these �nfants.  

Hepatitis C Virus Coinfection

 
 
 
 
 
 
 
 

 
HCV/HIV co�nfect�on �s not uncommon �n HIV-�nfected 
women, part�cularly among women �nfected v�a parenteral 
drug use; among HIV-�nfected pregnant women, the 
HCV seroprevalence rate ranges from 17% – 54% 
[66]. Screen�ng for HCV �nfect�on us�ng a sens�t�ve 
�mmunoassay for HCV ant�body �s recommended for all 
HIV-�nfected �nd�v�duals, �nclud�ng pregnant women. 

Panel’s Recommendations:

Screening for hepatitis C virus (HCV) 
infection is recommended for all HIV-
infected pregnant women who have 
not been screened during the current 
pregnancy.

Pegylated interferon-alpha is not 
recommended and ribavirin is 
contraindicated during pregnancy.

Combination antiretroviral therapy with 
three drugs should be considered for all 
HCV/HIV coinfected pregnant women, 
regardless of CD4 count or HIV viral load; 
the antiretroviral drugs can be discontinued 
postpartum in women who do not require 
HIV therapy for their own health.

Pregnant women with HCV/HIV coinfection 
receiving antiretroviral drugs should be 
counseled about signs and symptoms of 
liver toxicity, and transaminases should 
be assessed 2 weeks following initiation 
of antiretroviral therapy or prophylaxis in 
women not already receiving drugs, and 
then at least monthly. 

Decisions concerning mode of delivery 
in HCV/HIV coinfected pregnant women 
should be based on considerations related 
to HIV infection alone (see Intrapartum 
Care).

Infants born to women with HCV/HIV 
coinfection should be evaluated for HCV 
infection by HCV RNA testing between 2 
and 6 months of age and/or HCV antibody 
testing after 15 months of age.

•

•

•

•

•

•
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False-negat�ve ant�-HCV �mmunoassay results may occur 
among HIV-�nfected persons, part�cularly those w�th 
very low CD4 counts, but th�s �s uncommon w�th the 
most sens�t�ve �mmunoassays. If serolog�c test results 
are �ndeterm�nate or HCV �nfect�on �s suspected due to 
elevated am�notransam�nases or r�sk factors such as a 
h�story of �ntravenous drug use, test�ng for HCV RNA 
should be performed. 

There are few data on the opt�mal management of HIV-
�nfected pregnant women w�th HCV co�nfect�on. There 
are no definitive studies on the safety of HCV antiviral 
therapy dur�ng pregnancy. Interferon and peg-�nterferon 
are not recommended for use �n pregnancy, and r�bav�r�n 
�s contra�nd�cated �n pregnancy. Although �nterferons 
are not teratogen�c, they are abort�fac�ent at h�gh doses 
�n monkeys and should not be used �n pregnant women 
because of the d�rect ant�growth and ant�prol�ferat�ve 
effects of these agents [67]� R�bav�r�n �s labeled as FDA 
category X because of �ts teratogen�c�ty at low doses �n 
mult�ple an�mal spec�es; defects noted �n an�mals �nclude 
l�mb abnormal�t�es, cran�ofac�al defects, anencephaly, and 
anophthalmia. Pregnancy does not appear to influence 
the course of HCV �nfect�on and women w�th chron�c 
v�ral hepat�t�s generally do qu�te well dur�ng pregnancy, 
prov�d�ng that they have not progressed to decompensated 
c�rrhos�s [68]�

Coinfection with HIV has been shown to significantly 
�ncrease the r�sk of per�natal HCV transm�ss�on, l�kely 
related to �ncrease �n HCV v�rem�a and/or other HIV-
related �mpact on HCV d�sease act�v�ty [69]� A European 
study of per�natal HCV transm�ss�on found that use of 
effect�ve comb�nat�on ant�retrov�ral therapy was assoc�ated 
w�th a strong trend for reduct�on �n HCV transm�ss�on (OR 
0.26, 95% CI,0.07-1.01) [70]; �n th�s study HCV med�an 
v�ral load was lower among HAART-treated women as 
compared to women on monotherapy or no treatment 
(656,101 cop�es/mL vs 850,000 cop�es/mL, respect�vely), 
although this difference was not statistically significant. 
Maternal HCV/HIV co�nfect�on may also �ncrease r�sk 
for per�natal HIV transm�ss�on [71]� Therefore, potent 
comb�nat�on ant�retrov�ral therapy w�th three drugs should 
be cons�dered for all HCV/HIV co�nfected pregnant 

women, regardless of CD4 count or HIV v�ral load, w�th 
d�scont�nuat�on of therapy postpartum �n women who do 
not requ�re therapy for the�r own health.

S�m�lar to HBV �nfect�on, an elevat�on �n hepat�c enzymes 
follow�ng �n�t�at�on of ant�retrov�ral therapy may occur �n 
HCV/HIV co�nfected women due to an �mmune-med�ated 
flare in HCV disease secondary to immune reconstitution 
w�th therapy, part�cularly �n women w�th low CD4 cell 
count at the t�me of �n�t�at�on of therapy. L�ke HBV, 
HCV �nfect�on may �ncrease hepatotox�c r�sk of certa�n 
antiretroviral agents, specifically protease inhibitors and 
NVP. Pregnant women w�th HCV/HIV co�nfect�on should 
be counseled about s�gns and symptoms of l�ver tox�c�ty, 
and transam�nases should be assessed 2 weeks follow�ng 
�n�t�at�on of ant�retrov�ral therapy or prophylax�s �n women 
not already rece�v�ng drugs, and then at least monthly. If 
hepat�c tox�c�ty occurs, subst�tut�on of a less hepatotox�c 
drug reg�men may need to be cons�dered or, �f cl�n�cal 
symptoms or significant elevations of transaminases occur, 
drugs may need to be temporar�ly d�scont�nued. It can 
be difficult to differentiate a flare in HCV disease due to 
�mmune reconst�tut�on from drug tox�c�ty, and consultat�on 
w�th an expert �n HIV �nfect�on �s recommended. 
 
S�m�lar to HIV transm�ss�on, �nternal fetal mon�tor�ng 
and durat�on of membrane rupture greater than 6 
hours may �ncrease r�sk of HCV transm�ss�on; general 
recommendat�ons for �ntrapartum management are 
unchanged from those for women w�th HIV �nfect�on alone 
(see Intrapartum Care). Data are �nconclus�ve regard�ng 
the role of scheduled cesarean del�very �n reduc�ng the 
r�sk of HCV transm�ss�on �n the sett�ng of HIV �nfect�on. 
Currently, there �s no ev�dence from random�zed controlled 
tr�als upon wh�ch to base any pract�ce recommendat�ons 
regard�ng scheduled cesarean sect�on versus vag�nal 
del�very for prevent�ng mother-to-�nfant HCV transm�ss�on 
[72]� In two observat�onal stud�es from the European 
Hepatitis C Virus Network, the first study reported that 
scheduled cesarean del�very was protect�ve aga�nst HCV 
transm�ss�on �n HIV-co�nfected women, but the second 
study found no benefit to scheduled cesarean delivery, 
poss�bly related to the �ncreased use of ant�retrov�ral 
treatment �n the second report [73]� At the current t�me, 
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dec�s�ons concern�ng mode of del�very �n HCV/HIV-
co�nfected pregnant women should be based on HIV 
cons�derat�ons alone (see Intrapartum Care). 
 
Infants born to women w�th HCV/HIV co�nfect�on should 
be assessed for HCV �nfect�on by HCV RNA v�rolog�c 
test�ng between 2 and 6 months of age (at least two 
negat�ve tests are needed to exclude HCV �nfect�on as HCV 
v�rem�a can be �nterm�ttent) and/or test�ng for ant�-HCV 
ant�body after age 15 months [74]� 
 

Stopping Antiretroviral Therapy 
during Pregnancy 

 
 
D�scont�nuat�on of ant�retrov�ral therapy dur�ng pregnancy 
may be �nd�cated �n some s�tuat�ons �nclud�ng ser�ous 
treatment-related tox�c�ty, pregnancy-�nduced hyperemes�s, 
acute �llnesses or planned surger�es that preclude oral �ntake, 
lack of ava�lable med�cat�on, or pat�ent request. 
 
Cont�nuat�on of all drugs dur�ng the �ntrapartum per�od �s 
generally recommended. Women who are hav�ng an elect�ve 
cesarean sect�on can take oral med�cat�ons pr�or to the 
scheduled surgery and restart drugs follow�ng surgery; g�ven 

that most drugs are g�ven once or tw�ce da�ly, the woman 
would e�ther not m�ss any doses or at most rece�ve the 
postpartum dose a few hours late.  
 
When short-term therapy �nterrupt�on �s �nd�cated, �n 
most cases, all ant�retrov�ral drugs should be stopped and 
re�ntroduced at the same t�me. Th�s can be problemat�c w�th 
drugs that have a long half-l�fe. However, �n cond�t�ons 
such as severe or l�fe-threaten�ng tox�c�ty or severe 
pregnancy-�nduced hyperemes�s unrespons�ve to ant�-
emet�cs, the cl�n�c�an has no cho�ce but to stop all therapy 
at the same t�me.  
 
NNRTI drugs l�ke NVP and EFV have very long half-
l�ves and can be detected for 21 days or longer after 
d�scont�nuat�on [75-79]�� As the other drugs w�th shorter 
half-l�ves are cleared, only the NNRTI drug may pers�st, 
result�ng �n funct�onal monotherapy that can �ncrease the 
r�sk of select�on of NNRTI-res�stant mutat�ons. In add�t�on, 
�t �s known that certa�n genet�c polymorph�sms may result 
�n slower rate of clearance. These polymorph�sms may 
be more common among some ethn�c groups, such as �n 
Afr�can Amer�cans and �n H�span�cs [77, 79]� To prevent 
th�s funct�onal monotherapy, some experts recommend 
stopping the NNRTI first, and continuing the other 
ant�retrov�ral drugs for a per�od of t�me (e.g., 7 days) [76]. 
However, the opt�mal �nterval between stopp�ng an NNRTI 
and the other ant�retrov�ral drugs �s not known; detectable 
levels of NNRTIs may be present from less than 1 week 
to greater than 3 weeks after d�scont�nuat�on [79]� Further 
research �s needed to assess appropr�ate strateg�es for 
stopp�ng NNRTI-conta�n�ng comb�nat�on reg�mens (see 
Clinical Research Needs). 
 
An add�t�onal cons�derat�on �s re�ntroduct�on of NVP �f �t 
�s temporar�ly stopped for some reason and subsequently 
restarted. Currently, a 2-week, half-dose escalat�on �s 
recommended �n pat�ents who are started on NVP. Dose 
escalat�on �s necessary because NVP �nduces �ts own 
metabol�sm by �nduc�ng CYP3A4 l�ver metabol�c enzymes; 
thus, �n�t�al adm�n�strat�on of the full therapeut�c dose 
w�ll result �n elevated drug levels unt�l metabol�c enzyme 
�nduct�on has occurred. In cases where NVP has been 
d�scont�nued for more than 2 weeks, �t �s recommended that 

Panel’s Recommendations:

If antiretroviral therapy is stopped electively 
and the patient is receiving an NNRTI drug, 
consideration should be given to stopping 
the NNRTI first, and continuing the other 
antiretroviral drugs for a period of time 
(e.g., 7 days); however, the optimal interval 
between stopping an NNRTI and the other 
antiretroviral drugs is not known.

If antiretroviral therapy is stopped acutely 
for severe or life-threatening toxicity or 
severe pregnancy-induced hyperemesis 
unresponsive to anti-emetics, all drugs 
should be stopped at the same time and 
reinitiated at the same time.

If NVP is stopped and more than 2 weeks 
have passed prior to restarting therapy, 
NVP should be restarted with the 2-week 
dose escalation period.

•

•

•
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another 2-week dose escalat�on be used when re�ntroduced. 

Failure of Viral Suppression

 
 

The management of women on chron�c ant�retrov�ral 
therapy who have subopt�mal suppress�on of HIV RNA 
(�.e., detectable v�rus at any t�me dur�ng pregnancy) 
should �nclude evaluat�on for res�stant v�rus, assessment 
of adherence, �ncorrect dos�ng or potent�al problems w�th 
absorpt�on (e.g., w�th nausea/vom�t�ng or lack of attent�on 
to food requirements), and consideration of modification of 
ant�retrov�ral therapy. Experts �n the care of ant�retrov�ral-
exper�enced adults should be consulted, �n part�cular when 
a change �n drug reg�men �s necessary. 
 
HIV RNA levels should be assessed 2 to 6 weeks follow�ng 
�n�t�at�on or change of ant�retrov�ral drug reg�men to 
provide an initial assessment of efficacy [5]. Basel�ne HIV 
RNA levels have been shown to affect the t�me course of 
response �n pregnant as well as nonpregnant �nd�v�duals 
[80]. Most pat�ents w�th an adequate v�ral response 
at 24 weeks have had at least a 1 log10 cop�es/mL HIV 
RNA decrease by 1 to 4 weeks after start�ng therapy [5]. 
Treatment-naïve �nd�v�duals should have HIV RNA <400 
cop�es/mL after 24 weeks of treatment and <50 cop�es/mL 
after 48 weeks of treatment.  
 
Because maternal antenatal v�ral load correlates w�th r�sk 
of per�natal HIV transm�ss�on, suppress�on of HIV RNA 
to undetectable levels should be ach�eved as rap�dly as 
poss�ble. Scheduled cesarean sect�on �s recommended 

for HIV-�nfected pregnant women who have HIV RNA 
levels >1,000 cop�es/mL near the t�me of del�very (see 
Transmission and Mode of Delivery).   
 
 
monitoring of the 
woman and fetus 
during pregnancy 

Panel’s Recommendations:

If there is failure of viral suppression after 
an adequate period of treatment:

 ○ Assess resistance and adherence.

 ○ Consult an expert in the care of HIV- 
 infected adults.

Scheduled cesarean delivery is 
recommended for HIV-infected pregnant 
women who have HIV RNA levels >1,000 
copies/mL near the time of delivery.

•

•

Panel’s Recommendations:

CD4 cell count should be monitored at 
the initial visit and at least every 3 months 
during pregnancy.

Plasma HIV RNA levels should be 
monitored at the initial visit, 2 to 6 weeks 
after initiating (or changing) antiretroviral 
therapy, monthly until RNA levels are 
undetectable, and then at least every 2 
months during pregnancy; HIV RNA levels 
should also be assessed at approximately 
34 to 36 weeks gestation for decisions on 
mode of delivery (see Transmission and 
Mode of Delivery).

Antiretroviral drug resistance testing 
should be performed on women who have 
persistently detectable plasma HIV RNA 
levels despite receiving antiretroviral drugs 
for treatment or prophylaxis.

Monitoring for complications of antiretroviral 
drugs during pregnancy should be based 
on what is known about side effects of the 
drugs the woman is receiving.

First trimester ultrasound is recommended 
for confirmation of gestational age and 
potential timing for scheduled cesarean 
delivery, if needed (see Transmission and 
Mode of Delivery).

Most experts would recommend 
assessment of fetal anatomy with 
second trimester ultrasound evaluation in 
women who have received combination 
antiretroviral therapy (particularly if the 
regimen included EFV) during the first 
trimester given the limited data on the effect 
of combination therapy on the fetus.

•

•

•

•

•

•
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CD4 cell count should be mon�tored �n HIV-�nfected 
pregnant women at the �n�t�al v�s�t and at least every 3 
months dur�ng pregnancy, s�m�lar to recommendat�ons �n 
nonpregnant adults. V�ral load should be mon�tored �n HIV-
�nfected pregnant women at the �n�t�al v�s�t, 2 to 6 weeks 
after �n�t�at�ng or chang�ng ant�retrov�ral therapy, monthly 
unt�l undetectable, and then at least every 2 months. The 
recommended mon�tor�ng of v�ral load �n pregnancy �s 
more frequent than �n nonpregnant �nd�v�duals because 
of the need to lower v�ral load as rap�dly as poss�ble to 
reduce transm�ss�on r�sk, and therefore there �s a need 
to �dent�fy those women whose decl�ne �n v�ral load �s 
slower than expected. V�ral load should also be assessed at 
approx�mately 34 to 36 weeks gestat�on to �nform dec�s�ons 
on mode of del�very (see Transmission and Mode of 
Delivery).  

Due to phys�olog�c changes such as hemod�lut�on dur�ng 
pregnancy, CD4 percentage may be more stable than 
absolute CD4 count dur�ng pregnancy [81, 82]� However, 
s�nce parameters for �n�t�at�ng therapy are based pr�mar�ly 
on absolute CD4 count, most cl�n�c�ans st�ll rely on CD4 
count to evaluate �mmune status dur�ng pregnancy. 

Ant�retrov�ral drug res�stance test�ng should be performed 
�n women who have subopt�mal v�ral suppress�on after 
�n�t�at�on of ant�retrov�ral drugs or who have pers�stently 
detectable plasma HIV RNA levels after hav�ng become 
undetectable on treatment (see Antiretroviral Drug 
Resistance and Resistance Testing in Pregnancy). Adult 
ant�retrov�ral gu�del�nes note that pat�ents should have a 
decrease �n plasma HIV RNA level by at least one log10 

cop�es/mL by one month after �n�t�at�on of potent therapy 
[5].

Mon�tor�ng for potent�al compl�cat�ons of ant�retrov�ral 
drugs dur�ng pregnancy should be based on what �s 
known about the s�de effects of the drugs the woman �s 
rece�v�ng. For example, rout�ne hematolog�c mon�tor�ng 
�s recommended for women rece�v�ng ZDV-conta�n�ng 
reg�mens. L�ver funct�on should be mon�tored �n all women 
rece�v�ng ant�retrov�ral drugs. Hepat�c dysfunct�on has 
been observed �n pregnant women on protease �nh�b�tors, 
and hepat�c steatos�s and lact�c ac�dos�s �n pregnancy has 

been related to NRTI use. Women, part�cularly those w�th 
CD4 counts >250 cells/mm3, have an �ncreased r�sk of 
develop�ng symptomat�c, rash-assoc�ated, NVP-assoc�ated 
hepatotoxicity within the first 18 weeks after initiation 
of therapy. Pregnant women �n�t�at�ng therapy w�th NVP 
should have more frequent and careful mon�tor�ng of 
transam�nase levels (see Nevirapine and Hepatic/Rash 
Toxicity).  

First trimester ultrasound is recommended for confirmation 
of gestat�onal age and to gu�de potent�al t�m�ng of 
scheduled cesarean del�very, �f needed, s�nce scheduled 
cesarean del�ver�es for prevent�on of per�natal HIV 
transm�ss�on should be performed at 38 weeks gestat�on 
(see Transmission and Mode of Delivery). F�rst tr�mester 
ultrasound has been shown �n research stud�es and �s 
recommended by the ACOG as most accurate for dat�ng of 
pregnancy [83, 84]. If the pat�ent �s not seen unt�l later �n 
gestat�on, then second tr�mester ultrasound can be used for 
both anatomy scann�ng and determ�n�ng gestat�onal age. 

Because less �s known about the effect of comb�nat�on 
ant�retrov�ral therapy on the fetus dur�ng pregnancy, 
some experts cons�der more �ntens�ve fetal assessment 
for mothers rece�v�ng such therapy. Most experts would 
recommend second tr�mester assessment of fetal anatomy 
w�th ultrasound �n women who have rece�ved comb�nat�on 
antiretroviral therapy during the first trimester, particularly 
�f the reg�men �ncluded EFV. Add�t�onally, some experts 
would also recommend ultrasound assessment of fetal 
growth and well-be�ng dur�ng the th�rd tr�mester �n 
add�t�on to standard cl�n�cal mon�tor�ng, �f the woman was 
rece�v�ng a comb�nat�on drug reg�men for wh�ch there �s 
l�m�ted exper�ence w�th use �n pregnancy. The need for 
add�t�onal assessments such as non-stress test�ng should be 
determined based on ultrasound findings and any maternal 
comorb�d�t�es. 
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special considerations 
regarding the use 
of antiretroviral 
drugs by hiv-infected 
pregnant women and 
their infants 

Recommendat�ons regard�ng the cho�ce of ant�retrov�ral 
drugs for treatment of HIV-�nfected pregnant women are 
subject to un�que cons�derat�ons. These �nclude: 

a. poss�ble changes �n dos�ng requ�rements result�ng 
from phys�olog�c changes assoc�ated w�th 
pregnancy; 

b. potent�al tox�c�t�es of ant�retrov�ral drugs that may 
be magnified in the pregnant woman;  

c. the potent�al short- and long-term effects of the 
ant�retrov�ral drug on the fetus and newborn, 
�nclud�ng the potent�al for teratogen�c�ty, 
mutagen�c�ty, or carc�nogen�c�ty, wh�ch may not be 
known for certa�n ant�retrov�ral drugs; and

d. the pharmacok�net�cs and tox�c�ty of 
transplacentally transferred drugs. 

Treatment recommendat�ons for pregnant women �nfected 
w�th HIV have been based on the concept that therap�es 
of known benefit to women should not be withheld during 
pregnancy unless there are known adverse effects on the 
mother, fetus, or �nfant and unless these adverse effects 
outweigh the benefit to the woman [85]� Pregnancy should 
not preclude the use of opt�mal therapeut�c reg�mens. The 
dec�s�on to use any ant�retrov�ral drug dur�ng pregnancy 
should be made by the woman after d�scuss�ng w�th her 
health care provider the known and potential benefits and 
r�sks to her and her fetus. 

Panel’s Recommendations:

All cases of antiretroviral drug exposure 
during pregnancy should be reported to 
the Antiretroviral Pregnancy Registry (see 
details at http://www.APRegistry.com). 

Some protease inhibitors require altered 
dosing during pregnancy (see Table 3).

EFV is an FDA Pregnancy Category D 
drug because of animal data showing an 
increased risk of central nervous system 
(CNS) defects and a small number of 
concerning case reports in humans. EFV 
should not be used in the first trimester of 
pregnancy, and women on EFV should be 
counseled to avoid pregnancy.

Women with CD4 counts >250 cells/mm3 
initiating NVP regimens have an increased 
risk of developing symptomatic, often rash-
associated, NVP-related hepatotoxicity, 
which can be severe, life-threatening, and 
in some cases fatal. NVP should only be 
used in this setting if the benefits clearly 
outweigh the risks.

Because of the potential for lactic acidosis 
with prolonged use of the combination 
of d4T and ddI by HIV-infected pregnant 
women, clinicians should not prescribe this 
antiretroviral combination during pregnancy 
unless no other antiretroviral options are 
available and potential benefits outweigh 
the risks.  

Because NRTI drugs may be associated 
with development of lactic acidosis, 
pregnant women receiving NRTI drugs 
should have hepatic enzymes and 
electrolytes assessed monthly during the 
last trimester of pregnancy and any new 

•

•

•

•

•

•

symptoms should be evaluated thoroughly. 

HIV-infected women receiving antiretroviral 
therapy during pregnancy should receive 
glucose screening with a standard, 1-hour, 
50-gram glucose loading test at 24 to 28 
weeks of gestation. Some experts would 
perform earlier glucose screening in women 
with ongoing chronic protease inhibitor-
based therapy initiated prior to pregnancy, 
similar to recommendations for women with 
high-risk factors for glucose intolerance 
such as maternal obesity, advanced 
maternal age, and family history of type II 
diabetes mellitus.

•

http://www.APRegistry.com
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Although cl�n�cal data on ant�retrov�ral drugs �n pregnant 
women are more l�m�ted than �n nonpregnant �nd�v�duals, 
there are sufficient data on some of the available 
ant�retrov�ral drugs to be able to prov�de recommendat�ons 
related to drug cho�ce. Table 3 prov�des �nformat�on on 
pharmacok�net�cs �n pregnancy and pregnancy-related 
concerns for each of the ava�lable ant�retrov�ral drugs; 
drugs are classified for use in pregnancy as recommended, 
alternative, insufficient information, or not recommended. 
Th�s table should be used �n conjunct�on w�th the 
Guidelines for the Use of Antiretroviral Agents in 
HIV-Infected Adults and Adolescents when develop�ng 
treatment reg�mens for pregnant women.

Pharmacokinetic Changes
Phys�olog�c changes that occur dur�ng pregnancy may 
affect the k�net�cs of drug absorpt�on, d�str�but�on, 
b�otransformat�on, and el�m�nat�on, thereby also affect�ng 
requ�rements for drug dos�ng and potent�ally alter�ng the 
suscept�b�l�ty of the pregnant woman to drug tox�c�ty. 
Dur�ng pregnancy, gastro�ntest�nal trans�t t�me becomes 
prolonged; body water and fat �ncrease throughout 
gestat�on and are accompan�ed by �ncreases �n card�ac 
output, ventilation, and liver and renal blood flow; 
plasma prote�n concentrat�ons decrease; renal sod�um 
reabsorpt�on �ncreases; and changes occur �n metabol�c 
enzyme pathways �n the l�ver. Placental transport of drugs, 
compartmental�zat�on of drugs �n the embryo/fetus and 
placenta, b�otransformat�on of drugs by the fetus and 
placenta, and el�m�nat�on of drugs by the fetus also can 
affect drug pharmacok�net�cs �n the pregnant woman. 

Currently ava�lable data on dos�ng of ant�retrov�rals �n 
pregnancy are summar�zed �n Table 3. In general, the 
pharmacok�net�cs of NRTI and NNRTI drugs are s�m�lar �n 
pregnant and nonpregnant women, wh�le protease �nh�b�tor 
pharmacok�net�cs are more var�able, part�cularly �n later 
pregnancy.   

Teratogenicity
The potent�al harm to the fetus from maternal �ngest�on of a 
specific drug depends not only on the drug itself, but on the 
dose �ngested, the gestat�onal age of the fetus at exposure, 

the durat�on of exposure, the �nteract�on w�th other agents 
to wh�ch the fetus �s exposed, and, to an unknown extent, 
the genet�c makeup of the mother and fetus. 

Informat�on regard�ng the safety of drugs �n pregnancy �s 
der�ved from an�mal tox�c�ty data, anecdotal exper�ence, 
reg�stry data, and cl�n�cal tr�als. Data are l�m�ted for 
ant�retrov�ral drugs, part�cularly when used �n comb�nat�on 
therapy. Drug cho�ce should be �nd�v�dual�zed and must 
be based on d�scuss�on w�th the woman and ava�lable data 
from precl�n�cal and cl�n�cal test�ng of the �nd�v�dual drugs. 
Precl�n�cal data �nclude results of in vitro and an�mal in 
vivo screen�ng tests for carc�nogen�c�ty, clastogen�c�ty/
mutagen�c�ty, and reproduct�ve and teratogen�c effects. 
However, the pred�ct�ve value of such tests for adverse 
effects �n humans �s unknown. For example, of 
approx�mately 1,200 known an�mal teratogens, only about 
30 are known to be teratogen�c �n humans [86]� L�m�ted 
data ex�st regard�ng placental passage, long-term an�mal 
carc�nogen�c�ty, and an�mal teratogen�c�ty for the FDA-
approved ant�retrov�ral drugs (Table 2). 

Human data on teratogen�c�ty of FDA-approved 
ant�retrov�rals are summar�zed �n Table 3. Concerns have 
been ra�sed about the r�sk of several of the ant�retrov�ral 
agents. In cynomolgus monkeys treated w�th EFV from 
gestat�onal days 20 to 150 at a dose result�ng �n plasma 
concentrat�ons comparable to system�c human therapeut�c 
exposure, significant CNS malformations were observed 
�n 3 of 20 �nfant monkeys [87]. The malformat�ons 
�ncluded anencephaly and un�lateral anophthalm�a �n one; 
m�crophthalm�a �n another; and cleft palate �n the th�rd. In 
prospect�vely reported pregnanc�es w�th exposure to EFV-
based reg�mens �n the Ant�retrov�ral Pregnancy Reg�stry 
through January 2007, b�rth defects were observed �n 7 of 
281 (2.5%) live births with first trimester exposure, not 
significantly higher than the prevalence of birth defects 
�n the general populat�on (2.7%), and none of the defects 
�n the prospect�ve report were neural tube defects [88]� 
However, �n retrospect�ve case reports, there are three 
cases of neural tube defects �n �nfants born to mothers 
receiving EFV during the first trimester [89], as well as an 
add�t�onal �nfant w�th another CNS defect (Dandy-Walker 
malformat�on). Although a causal relat�onsh�p of these 

http://aidsinfo.nih.gov/Guidelines/GuidelineDetail.aspx?MenuItem=Guidelines&Search=Off&GuidelineID=7&ClassID=1
http://aidsinfo.nih.gov/Guidelines/GuidelineDetail.aspx?MenuItem=Guidelines&Search=Off&GuidelineID=7&ClassID=1
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events to the use of EFV has not been establ�shed, �n l�ght 
of similar findings in primates, EFV is classified as FDA 
Pregnancy Category D, and may cause fetal harm when 
administered to a pregnant woman during the first trimester. 
Because of the potent�al for teratogen�c�ty, pregnancy 
should be avo�ded �n women rece�v�ng EFV, and treatment 
with EFV should be avoided during the first trimester, 
wh�ch �s the pr�mary per�od of fetal organogenes�s. Women 
of ch�ldbear�ng potent�al should undergo pregnancy test�ng 
pr�or to �n�t�at�on of EFV and should be counseled about 
the potent�al r�sk to the fetus and need to avo�d pregnancy. 
Alternate ant�retrov�ral reg�mens that do not �nclude EFV 
should be strongly cons�dered �n women who are plann�ng 
to become pregnant or who are sexually act�ve and not 
us�ng effect�ve contracept�on.

Zalc�tab�ne has been assoc�ated w�th an �ncreased r�sk of 
hydrocephalus at very h�gh doses �n rodents and delav�rd�ne 
has been assoc�ated w�th an �ncreased r�sk of ventr�cular 
septal defects �n rodents. Ne�ther drug �s currently 
recommended for e�ther rout�ne therapeut�c use or use �n 
pregnancy.

Tenofov�r has not demonstrated teratogen�c�ty �n rodents 
or monkeys. At doses result�ng �n levels approx�mately 
25 t�mes those used �n humans, low b�rth we�ghts and 
reduct�ons �n fetal bone poros�ty were seen. Chron�c 
adm�n�strat�on of tenofov�r to �mmature an�mals of mult�ple 
spec�es has resulted �n revers�ble bone abnormal�t�es; these 
effects were dose-, exposure-, age- , and species-specific. 
Data from the Ant�retrov�ral Pregnancy Reg�stry show a 
birth defect incidence of 2.6% in 266 women with first 
tr�mester tenofov�r exposure, s�m�lar to that �n the general 
populat�on [88]. However, because of the l�m�ted data on 
use �n human pregnancy and concern regard�ng potent�al 
fetal bone effects and potent�al nephrotox�c�ty, tenofov�r 
should be used as a component of maternal comb�nat�on 
reg�men only after careful cons�derat�on of alternat�ves.

Among cases of first trimester ddI exposure reported to 
the Ant�retrov�ral Pregnancy Reg�stry, defects have been 
noted �n 5.8% (15/259), compared to a rate of 1.0% (2/195) 
among those w�th exposures later �n pregnancy  [88]. All 
defects were rev�ewed �n deta�l by the Reg�stry, and no 
pattern of defects was d�scovered. However, these data do 

suggest a h�gher r�sk of b�rth defects w�th exposure to ddI 
in the first trimester as compared to the frequency of birth 
defects observed �n the general populat�on and w�th the use 
of other ant�retrov�ral agents, and th�s �s cont�nu�ng to be 
followed by the Reg�stry.

**See SAFETY AND TOXICITY OF INDIVIDUAL 
ANTIRETROVIRAL DRUGS IN PREGNANCY To 
oBTAIN DETAILED INFORMATION ON INDIVIDUAL 
DRUGS**

Health care prov�ders who are treat�ng HIV-�nfected 
pregnant women and the�r newborns are strongly adv�sed 
to report �nstances of prenatal exposure to ant�retrov�ral 
drugs (e�ther alone or �n comb�nat�on) to the Ant�retrov�ral 
Pregnancy Reg�stry. Th�s reg�stry �s an ep�dem�olog�c 
project to collect observat�onal, nonexper�mental data 
regard�ng ant�retrov�ral exposure dur�ng pregnancy for the 
purpose of assess�ng the potent�al teratogen�c�ty of these 
drugs. Reg�stry data w�ll be used to supplement an�mal 
tox�cology stud�es and ass�st cl�n�c�ans �n we�gh�ng the 
potential risks and benefits of treatment for individual 
pat�ents. The Ant�retrov�ral Pregnancy Reg�stry �s a 
collaborat�ve project of pharmaceut�cal manufacturers 
w�th an adv�sory comm�ttee of obstetr�c and ped�atr�c 
pract�t�oners. The reg�stry does not use pat�ent names, and 
reg�stry staff obta�n b�rth outcome follow-up �nformat�on 
from the report�ng phys�c�an. 

Combination Antiretroviral Therapy 
and Pregnancy Outcome
Data are conflicting as to whether receipt of combination 
ant�retrov�ral therapy dur�ng pregnancy �s assoc�ated w�th 
adverse pregnancy outcomes, �n part�cular preterm del�very. 
A retrospect�ve Sw�ss report evaluated the pregnancy 
outcome of 37 HIV-�nfected pregnant women treated w�th 
comb�nat�on therapy; all rece�ved 2 NRTIs and 16 rece�ved 

Referrals should be d�rected to: 
Ant�retrov�ral Pregnancy Reg�stry 
Research Park
1011 Ashes Dr�ve
W�lm�ngton, NC  28405
Telephone: 1–800–258–4263
Fax: 1–800–800–1052
Internet access www.APRegistry.com

Referrals should be d�rected to: 
Ant�retrov�ral Pregnancy Reg�stry 
Research Park
1011 Ashes Dr�ve
W�lm�ngton, NC  28405
Telephone: 1–800–258–4263
Fax: 1–800–800–1052
Internet access www.APRegistry.com

http://aidsinfo.nih.gov/contentfiles/PerinatalGLSafetyTox_Sup.pdf
http://aidsinfo.nih.gov/contentfiles/PerinatalGLSafetyTox_Sup.pdf
http://www.APRegistry.com
http://www.APRegistry.com
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1 or 2 protease �nh�b�tors [90]. A poss�ble assoc�at�on of 
comb�nat�on ant�retrov�ral therapy w�th preterm b�rths 
was noted; 10 of 30 bab�es were born prematurely. The 
preterm b�rth rate d�d not d�ffer between women rece�v�ng 
comb�nat�on therapy w�th or w�thout protease �nh�b�tors. 
The contr�but�on of maternal HIV d�sease stage and 
other covar�ates that m�ght be assoc�ated w�th a r�sk for 
prematur�ty was not assessed. 

The European Collaborat�ve Study and the Sw�ss Mother 
+ Ch�ld HIV Cohort Study �nvest�gated the effects of 
comb�nat�on ant�retrov�ral therapy �n a populat�on of 
3,920 mother-ch�ld pa�rs. Adjust�ng for CD4 count and 
�ntravenous drug use, they found a 2.6-fold �ncreased odds 
of preterm del�very for �nfants exposed to comb�nat�on 
therapy w�th or w�thout protease �nh�b�tors, compared 
w�th no treatment; women rece�v�ng comb�nat�on therapy 
that had been �n�t�ated before the�r pregnancy were tw�ce 
as l�kely to del�ver prematurely as those start�ng therapy 
dur�ng the th�rd tr�mester [91]� However, comb�nat�on 
therapy was rece�ved by only 323 (8%) women stud�ed. 
Exposure to monotherapy was not assoc�ated w�th 
prematur�ty. An updated report from the European 
Collaborat�ve Study �nclud�ng 4,372 women found, �n an 
adjusted analys�s, a 1.9-fold �ncreased r�sk of del�very at 
less than 37 weeks w�th HAART started dur�ng pregnancy 
and 2.1-fold for HAART started pre-pregnancy [92]. In th�s 
report, 767 women rece�ved HAART dur�ng pregnancy, 
although the proport�on rece�v�ng protease �nh�b�tors 
was not specified. The risk of delivery before 34 weeks 
of gestat�on was �ncreased by 2.5-fold for those start�ng 
HAART dur�ng pregnancy and 4.4-fold for those enter�ng 
pregnancy on HAART.  

In contrast, the major�ty of data from the Un�ted States 
and Lat�n Amer�ca do not suggest an �ncreased r�sk of 
preterm b�rth assoc�ated w�th HAART dur�ng pregnancy. 
In a meta-analys�s of seven cl�n�cal stud�es that �ncluded 
2,123 HIV-�nfected pregnant women who del�vered �nfants 
dur�ng 1990–1998 and had rece�ved antenatal ant�retrov�ral 
therapy and 1,143 women who d�d not rece�ve antenatal 
ant�retrov�ral therapy, use of mult�ple ant�retrov�ral drugs 
as compared w�th no treatment or treatment w�th one drug 
was not assoc�ated w�th �ncreased rates of preterm labor, 

low b�rth we�ght, low Apgar scores, or st�llb�rth [93]� An 
analys�s from the Women and Infants Transm�ss�on Study, 
�nclud�ng 2,543 HIV-�nfected women (some of whom were 
included in the meta-analysis) did not show significant 
assoc�at�ons between use of ant�retrov�ral by class or 
by category, �nclud�ng HAART, and adverse pregnancy 
outcome [94]. A prospect�ve cohort study �nclud�ng 681 
women from Braz�l, Argent�na, Mex�co, and the Bahamas 
did not find significant associations between use of HAART 
and preterm b�rth or low b�rth we�ght [95]. A s�ngle center 
study from Miami including 1,337 women did find a 1.8-
fold �ncreased chance of preterm b�rth among the 134 
women �n the cohort who rece�ved protease �nh�b�tor-
conta�n�ng HAART compared w�th other comb�nat�on 
therapy after adjustment for poss�ble confound�ng var�ables  
[96]. However, women rece�v�ng protease �nh�b�tor-
conta�n�ng HAART were un�formly women w�th advanced 
d�sease or those who had fa�led other comb�nat�on therapy. 
The r�sk of low b�rth we�ght and st�llb�rth were not 
�ncreased �n any therapy groups. A recent meta-analys�s 
of 14 cl�n�cal stud�es that �ncluded both European and 
Amer�can stud�es found that ant�retrov�ral use dur�ng 
pregnancy d�d not �ncrease the r�sk of premature del�very 
when compared to no therapy  [97]�

Unt�l more �nformat�on �s known, HIV-�nfected pregnant 
women who are rece�v�ng comb�nat�on therapy for the�r 
HIV �nfect�on should cont�nue the�r prov�der-recommended 
reg�men. They should rece�ve careful, regular mon�tor�ng 
for pregnancy compl�cat�ons and for potent�al tox�c�t�es. 
 

Nevirapine and Hepatic/Rash Toxicity  
Increases �n hepat�c transam�nase levels (ALT and 
AST) assoc�ated w�th rash or system�c symptoms may 
be observed during the first 18 weeks of treatment with 
NVP. S�gns and symptoms of system�c tox�c�ty may be 
nonspecific, and can include fatigue, malaise, anorexia, 
nausea, jaund�ce, l�ver tenderness, or hepatomegaly, w�th or 
w�thout �n�t�ally abnormal hepat�c transam�nases [98]� The 
development of severe NVP-assoc�ated sk�n rash has been 
reported to be 5.5 to 7.3 t�mes more common �n women 
than men, and has been reported �n pregnant women [99-
101]� Other stud�es have found that hepat�c adverse events 
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w�th system�c symptoms (predom�nantly rash) were 3.2-
fold more common �n women than men [102, 103]�� The 
degree of r�sk for hepat�c tox�c�ty var�es w�th CD4 count. 
In a summary analys�s of data from 17 cl�n�cal tr�als of 
NVP therapy, women w�th CD4 counts >250 cells/mm3 
were 9.8 t�mes more l�kely than women w�th lower CD4 
counts to exper�ence symptomat�c, rash-assoc�ated, NVP-
related hepatotox�c�ty [102, 103]�� H�gher CD4 counts have 
also been assoc�ated w�th �ncreased r�sk of severe NVP-
assoc�ated sk�n rash [100]� In controlled cl�n�cal tr�als, 
cl�n�cal hepat�c events, regardless of sever�ty, occurred 
�n 4.0% (range 2.5% – 11.0%) of pat�ents who rece�ved 
NVP; however, the r�sk of NVP-assoc�ated l�ver fa�lure or 
hepat�c mortal�ty has been lower, rang�ng between 0.04% 
– 0.40% [61, 62]�  Severe or l�fe threaten�ng rash occurs �n 
approx�mately 2% of pat�ents rece�v�ng NVP [62].  

Although deaths due to hepat�c fa�lure have been reported 
�n HIV-�nfected pregnant women rece�v�ng NVP as part 
of a comb�nat�on ant�retrov�ral reg�men, �t �s unknown �f 
pregnancy �ncreases the r�sk of hepatotox�c�ty �n women 
rece�v�ng NVP or other ant�retrov�ral drugs [104, 105]� 
Women �n�t�at�ng NVP w�th CD4 counts >250 cells/mm3, 
�nclud�ng pregnant women rece�v�ng ant�retrov�ral drugs 
solely for prevent�on of transm�ss�on, have an �ncreased 
r�sk of develop�ng symptomat�c, often rash-assoc�ated, 
NVP-related hepatotox�c�ty, wh�ch can be severe, l�fe-
threaten�ng, and �n some cases fatal [61]� NVP should 
therefore be used as a component of a comb�nat�on reg�men 
in this setting only if the benefit clearly outweighs the 
r�sk. Regardless of maternal CD4 count, �f NVP �s used, 
health care prov�ders should be aware of th�s potent�al 
compl�cat�on and should conduct frequent and careful 
mon�tor�ng of cl�n�cal symptoms and hepat�c transam�nases 
(i.e., ALT and AST), particularly during the first 18 weeks 
of therapy. Some cl�n�c�ans measure serum transam�nases 
at baseline, every 2 weeks for the first month, monthly 
through month 4, and every 1 to 3 months thereafter (see 
the Hepatotoxicity sect�on of table 16a �n the Guidelines 
for the Use of Antiretroviral Agents in HIV-Infected 
Adults and Adolescents). In pat�ents w�th pre-ex�st�ng 
l�ver d�sease, mon�tor�ng should be performed more 
frequently when �n�t�at�ng therapy, and then monthly [98]� 
Transam�nase levels should be checked �n all women who 

develop a rash wh�le rece�v�ng NVP. Pat�ents who develop 
suggest�ve cl�n�cal symptoms accompan�ed by elevat�on 
�n serum transam�nase levels (ALT and/or AST), or who 
have asymptomat�c but severe transam�nase elevat�ons (�.e., 
>5 t�mes the upper l�m�t of normal), should stop NVP and 
not rece�ve NVP therapy �n the future. Hepat�c tox�c�ty has 
not been seen �n women rece�v�ng s�ngle dose NVP dur�ng 
labor for prevent�on of per�natal transm�ss�on of HIV. 
Women who enter pregnancy on NVP-conta�n�ng reg�mens 
and are tolerat�ng them well may cont�nue therapy, 
regardless of CD4 count.  

Protease Inhibitor Therapy and 
Hyperglycemia
Hyperglycem�a, new-onset d�abetes mell�tus, exacerbat�on 
of ex�st�ng d�abetes mell�tus, and d�abet�c ketoac�dos�s 
have been reported w�th rece�pt of protease �nh�b�tor 
ant�retrov�ral drugs by HIV-�nfected pat�ents [106-109]. In 
add�t�on, pregnancy �s �tself a r�sk factor for hyperglycem�a. 
However, the major�ty of data to date have not shown an 
�ncreased r�sk of glucose �ntolerance w�th protease �nh�b�tor 
therapy dur�ng pregnancy. One small retrospect�ve study 
that �ncluded 41 women rece�v�ng protease �nh�b�tor-based 
HAART found an �ncreased r�sk of glucose �ntolerance, 
but not gestat�onal d�abetes, among women on HAART 
compared to ZDV alone [110], wh�le 2 other retrospect�ve 
studies did not find an increased risk of glucose intolerance 
w�th protease �nh�b�tors [111, 112]. Secondary analyses 
of 2 large cohorts did not find an association with type 
of ant�retrov�ral therapy and gestat�onal d�abetes, except 
for an assoc�at�on of protease �nh�b�tor �n�t�at�on before 
pregnancy or during the first trimester and gestational 
d�abetes �n the PACTG 316 cohort [94, 113]. A recent 
prospect�ve study �nclud�ng deta�led evaluat�ons for glucose 
�ntolerance and �nsul�n res�stance among HIV-�nfected 
pregnant women did not find differences between women 
on protease �nh�b�tor-conta�n�ng and nonprotease-�nh�b�tor-
conta�n�ng reg�mens [114]. The rate of �mpa�red glucose 
tolerance was h�gh (38%) �n both groups, probably related 
to h�gh body we�ghts and ethn�c compos�t�on (e.g., black 
or H�span�c race/ethn�c�ty). HIV-�nfected women rece�v�ng 
ant�retrov�ral therapy dur�ng pregnancy should rece�ve 
standard glucose screen�ng w�th a standard, 1-hour, 50-

http://aidsinfo.nih.gov/Guidelines/GuidelineDetail.aspx?MenuItem=Guidelines&Search=Off&GuidelineID=7&ClassID=1
http://aidsinfo.nih.gov/Guidelines/GuidelineDetail.aspx?MenuItem=Guidelines&Search=Off&GuidelineID=7&ClassID=1
http://aidsinfo.nih.gov/Guidelines/GuidelineDetail.aspx?MenuItem=Guidelines&Search=Off&GuidelineID=7&ClassID=1
http://aidsinfo.nih.gov/Guidelines/GuidelineDetail.aspx?MenuItem=Guidelines&Search=Off&GuidelineID=7&ClassID=1
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gram glucose load�ng test at 24 to 28 weeks of gestat�on. 
Some experts would perform earl�er glucose screen�ng 
�n women w�th ongo�ng protease �nh�b�tor-based therapy 
�n�t�ated pr�or to pregnancy (part�cularly �n women of 
m�nor�ty race/ethn�c�ty), s�m�lar to recommendat�ons for 
women w�th h�gh-r�sk factors for glucose �ntolerance, such 
as maternal obes�ty, advanced maternal age, and fam�ly 
h�story of type II d�abetes mell�tus.   

Mitochondrial Toxicity and NRTI 
Drugs
NRTI drugs are known to �nduce m�tochondr�al dysfunct�on 
because the drugs have varying affinity for mitochondrial 
gamma DNA polymerase. This affinity can interfere with 
m�tochondr�al repl�cat�on, result�ng �n m�tochondr�al 
DNA deplet�on and dysfunct�on [115]. The relat�ve 
potency of the NRTI drugs �n �nh�b�t�ng m�tochondr�al 
gamma DNA polymerase in vitro �s h�ghest for zalc�tab�ne 
(ddC), followed by ddI, d4T, ZDV, 3TC, abacav�r (ABC), 
and tenofov�r [116]. Tox�c�ty related to m�tochondr�al 
dysfunct�on has been reported to occur �n �nfected pat�ents 
rece�v�ng long-term treatment w�th NRTI drugs and 
generally has resolved w�th d�scont�nuat�on of the drug or 
drugs; a poss�ble genet�c suscept�b�l�ty to these tox�c�t�es 
has been suggested [115]� These tox�c�t�es may be of 
part�cular concern for pregnant women and �nfants w�th in 
utero exposure to NRTI drugs.

During Pregnancy

Cl�n�cal d�sorders l�nked to m�tochondr�al tox�c�ty �nclude 
neuropathy, myopathy, card�omyopathy, pancreat�t�s, 
hepat�c steatos�s, and lact�c ac�dos�s. Among these 
d�sorders, symptomat�c lact�c ac�dos�s and hepat�c 
steatos�s may have a female preponderance [117, 118]. 
These syndromes have s�m�lar�t�es to rare but l�fe-
threaten�ng syndromes that occur dur�ng pregnancy, most 
often dur�ng the th�rd tr�mester: acute fatty l�ver; and 
the syndrome of hemolys�s, elevated l�ver enzymes, and 
low platelets (the HELLP syndrome). Data suggest that 
a d�sorder of m�tochondr�al fatty ac�d ox�dat�on �n the 
mother or her fetus dur�ng late pregnancy may play a role 
�n the development of acute fatty l�ver of pregnancy and 

HELLP syndrome [119-122] and poss�bly contr�bute to 
suscept�b�l�ty to ant�retrov�ral-assoc�ated m�tochondr�al 
tox�c�ty. 

Lact�c ac�dos�s w�th m�crovacuolar hepat�c steatos�s �s a 
tox�c�ty related to NRTI drugs that �s thought to be related 
to m�tochondr�al tox�c�ty; �t has been reported to occur �n 
�nfected persons treated w�th NRTI drugs for long per�ods 
(>6 months). In a report from the FDA Spontaneous 
Adverse Event Program, typ�cal �n�t�al symptoms �ncluded 
1 to 6 weeks of nausea, vom�t�ng, abdom�nal pa�n, dyspnea, 
and weakness [123]�� Metabol�c ac�dos�s w�th elevated 
serum lactate and elevated hepat�c enzymes was common. 
Pat�ents descr�bed �n that report were predom�nantly 
female and overwe�ght. The �nc�dence of th�s syndrome 
may be �ncreas�ng, poss�bly as a result of �ncreased use of 
comb�nat�on NRTI therapy or �ncreased recogn�t�on of the 
syndrome.

The frequency of th�s syndrome �n pregnant HIV-�nfected 
women rece�v�ng NRTI drugs �s unknown. In 1999, Ital�an 
researchers reported a case of severe lact�c ac�dos�s �n an 
�nfected pregnant woman who was rece�v�ng d4T-3TC 
at the t�me of concept�on and throughout pregnancy and 
who exper�enced symptoms and fetal death at 38 weeks 
gestat�on [124]. Br�stol-Myers Squ�bb has reported three 
maternal deaths due to lact�c ac�dos�s, two w�th and 
one w�thout accompany�ng pancreat�t�s, among women 
who were e�ther pregnant or postpartum and whose 
antepartum therapy dur�ng pregnancy �ncluded d4T and 
ddI �n comb�nat�on w�th other ant�retrov�ral agents (e�ther 
a protease �nh�b�tor or NVP) [125, 126]� All women 
were rece�v�ng treatment w�th these agents at the t�me of 
concept�on and cont�nued for the durat�on of pregnancy; all 
presented late �n gestat�on w�th symptomat�c d�sease that 
progressed to death �n the �mmed�ate postpartum per�od. 
Two cases were also assoc�ated w�th fetal death. Non-
fatal cases of lact�c ac�dos�s �n pregnant women rece�v�ng 
comb�nat�on d4T-ddI have also been reported [127]�

It �s unclear �f pregnancy augments the �nc�dence of the 
lact�c ac�dos�s/hepat�c steatos�s syndrome that has been 
reported for nonpregnant persons rece�v�ng NRTI drugs. 
However, because pregnancy �tself can m�m�c some of 
the early symptoms of the lact�c ac�dos�s/hepat�c steatos�s 
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syndrome or be assoc�ated w�th other d�sorders of l�ver 
metabol�sm, these cases emphas�ze the need for phys�c�ans 
car�ng for HIV-�nfected pregnant women rece�v�ng NRTI 
drugs to be alert for early s�gns of th�s syndrome. Pregnant 
women rece�v�ng NRTI drugs should have hepat�c enzymes 
and electrolytes assessed monthly dur�ng the last tr�mester 
of pregnancy, and any new symptoms should be evaluated 
thoroughly.  

Add�t�onally, because of the reports of several cases 
of maternal mortal�ty secondary to lact�c ac�dos�s w�th 
prolonged use of the comb�nat�on of d4T and ddI by HIV-
�nfected pregnant women, cl�n�c�ans should not prescr�be 
th�s ant�retrov�ral comb�nat�on dur�ng pregnancy unless no 
other antiretroviral options are available and potential benefits 
outwe�gh the r�sks.  

In Utero Exposure
It has been suggested that m�tochondr�al dysfunct�on m�ght 
develop �n �nfants w�th �n utero exposure to NRTI drugs. 
Data from a French cohort of 1,754 un�nfected �nfants 
born to HIV-�nfected women who rece�ved ant�retrov�ral 
drugs during pregnancy identified 8 infants with in utero 
or neonatal exposure to e�ther ZDV/3TC (4 �nfants), or 
ZDV alone (4 �nfants) who developed �nd�cat�ons of 
mitochondrial dysfunction after the first few months of life 
[128]. Two of these �nfants (both exposed to ZDV/3TC) 
contracted severe neurolog�c d�sease and d�ed, 3 had m�ld 
to moderate symptoms, and 3 had no symptoms but had 
trans�ent laboratory abnormal�t�es. In a larger cohort of 
4,392 un�nfected ch�ldren (�nclud�ng the ch�ldren �n the 
prev�ous study) followed w�th�n the French Ped�atr�c 
Cohort or identified within a France National Register, the 
18-month �nc�dence of cl�n�cal symptoms of m�tochondr�al 
dysfunct�on was 0.26%, and 0.07% for mortal�ty [129]. 
All ch�ldren had per�natal ant�retrov�ral exposure; r�sk was 
h�gher among �nfants exposed to comb�nat�on ant�retrov�ral 
drugs (pr�mar�ly ZDV/3TC) than ZDV alone. The ch�ldren 
presented w�th neurolog�c symptoms, often w�th abnormal 
magnetic resonance imaging and/or episode of significant 
hyperlactatemia, and deficits in mitochondrial respiratory 
cha�n complex enzyme funct�on on b�opsy of muscle. The 
same group has also reported an �ncreased r�sk of s�mple 
febrile seizures in the first 18 months of life and persistently 

lower (but clinically insignificant) neutrophil, lymphocyte, 
and platelet counts �n �nfants w�th in utero NRTI exposure 
[130, 131]� 
 
In one study, m�tochondr�al DNA quant�ty was lower �n 
cord and per�pheral blood wh�te cells at age 1 and 2 years 
among 20 �nfants born to HIV-�nfected women compared 
to 30 �nfants born to un�nfected women, and was lowest 
among 10 HIV-exposed �nfants w�th ZDV exposure 
compared to 10 w�thout ZDV exposure [132]� In a 
subsequent study, m�tochondr�al changes were evaluated �n 
umb�l�cal cord endothel�al cells and cord blood from human 
�nfants and monkeys w�th in utero exposure to var�ous 
NRTI-conta�n�ng reg�mens [133]. S�m�lar morpholog�c 
changes and m�tochondr�al DNA deplet�on were seen �n the 
human and monkey �nfants. In the monkeys, m�tochondr�al 
damage demonstrated a grad�ent w�th greatest damage 
w�th d4T/3TC > ZDV/ddI > ZDV/3TC > 3TC. In another 
study, transient hyperlactatemia during the first few weeks 
of l�fe was reported among 17 HIV-exposed �nfants w�th 
per�natal ant�retrov�ral exposure; lactate levels returned to 
normal �n all ch�ldren and none developed symptoms of 
m�tochondr�al dysfunct�on dur�ng follow-up [134]� Thus, 
the clinical significance of these laboratory findings is 
unclear, and further stud�es are needed to val�date these 
findings. Clinical studies in the United States and Europe 
have generally not dupl�cated the French reports [135-141]� 
The Per�natal Safety Rev�ew Work�ng Group performed a 
retrospect�ve rev�ew of deaths occurr�ng among ch�ldren 
born to HIV-�nfected women and followed dur�ng 1986 
– 1999 �n 5 large prospect�ve U.S. per�natal cohorts. No 
deaths s�m�lar to those reported from France or w�th cl�n�cal 
findings attributable to mitochondrial dysfunction were 
identified in a database of >16,000 uninfected children born 
to HIV-�nfected women w�th and w�thout ant�retrov�ral 
drug exposure [136]� However, most of the �nfants w�th 
ant�retrov�ral exposure had been exposed to ZDV alone 
and only a relat�vely small proport�on (approx�mately 
6%) had been exposed to ZDV/3TC. The European 
Collaborat�ve Study rev�ewed cl�n�cal symptoms �n 2,414 
un�nfected ch�ldren �n the�r cohort w�th med�an follow-
up of 2.2 years (max�mum, 16 years); 1,008 had per�natal 
ant�retrov�ral exposure [138]. No assoc�at�on of cl�n�cal 
man�festat�ons suggest�ve of m�tochondr�al abnormal�t�es 
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was found w�th per�natal ant�retrov�ral exposure. Of the 
4 ch�ldren w�th se�zures �n th�s cohort, none had per�natal 
ant�retrov�ral exposure. However, s�m�larly pers�stent, 
but cl�n�cally asymptomat�c, hematolog�c abnormal�t�es 
�n un�nfected �nfants w�th in utero exposure have been 
reported �n the Un�ted States and Europe [142-144]. In a 
report from a long-term follow-up study �n the Un�ted States 
(PACTG 219/219C), 20 ch�ldren w�th poss�ble symptoms 
of mitochondrial dysfunction were identified in a cohort of 
1,037 un�nfected �nfants born to HIV-�nfected mothers [140]� 
Definitive diagnosis was not available as none of the children 
had b�ops�es for m�tochondr�al funct�on. Three of the 20 
ch�ldren had no exposure to ant�retrov�ral drugs.  However, 
�n the 17 rema�n�ng ch�ldren, although overall exposure to 
NRTI drugs was not assoc�ated w�th symptoms, there was 
an association of symptoms with first exposure to ZDV/3TC 
l�m�ted to the th�rd tr�mester. 

Thus, there are conflicting data regarding whether 
m�tochondr�al dysfunct�on �s assoc�ated w�th per�natal 
ant�retrov�ral exposure, and further stud�es are needed. 
If th�s assoc�at�on �s demonstrated, the development 
of severe or fatal m�tochondr�al d�sease appears to be 
extremely rare and should be compared aga�nst the 
clear benefit of antiretroviral prophylaxis in reducing 
transm�ss�on of a fatal �nfect�on by 70% or more  [3, 138, 
145]�� M�tochondr�al dysfunct�on should be cons�dered �n 
un�nfected ch�ldren w�th per�natal ant�retrov�ral exposure 
who present with severe clinical findings of unknown 
etiology, particularly neurologic findings. These results 
emphas�ze the �mportance of the ex�st�ng Publ�c Health 
Serv�ce recommendat�on for long-term follow-up for any 
ch�ld w�th �n utero exposure to ant�retrov�ral drugs. 
 

antiretroviral 
drug resistance and 
resistance testing in 
pregnancy 

 

Indications for Antiretroviral Drug 
Resistance Testing in HIV-Infected 
Pregnant Women

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Res�stance test�ng �s recommended for all ant�retrov�ral-
naïve pregnant women before �n�t�at�ng treatment or 
prophylax�s �f pr�or res�stance test�ng has not been done. 
Ideally, th�s test�ng would be done at a preconcept�onal v�s�t 
to allow rece�pt of results and select�on of an ant�retrov�ral 
drug reg�men to be used dur�ng pregnancy or started 
before pregnancy �f maternal therapy �s �nd�cated. There �s 
accumulat�ng ev�dence that transm�tted res�stant mutants 
may persist for indefinite periods after initial infection, that 
these v�ral var�ants may be detectable by standard assays 
used �n cl�n�cal pract�ce, that the prevalence of res�stance �n 
ant�retrov�ral-naïve pat�ents �s �ncreas�ng, and that basel�ne 
res�stance may be assoc�ated w�th adverse v�rolog�c 
outcomes [146-153]�� For these reasons, basel�ne HIV 
res�stance test�ng �s now recommended for all pat�ents w�th 
establ�shed �nfect�on, �nclud�ng pregnant women, pr�or to 
�n�t�at�ng treatment [154, 155]�

Res�stance test�ng should also be performed before 

Panel’s Recommendations:

HIV drug resistance testing is 
recommended for:

 ○ All pregnant women not currently  
 receiving antiretrovirals, before  
 starting treatment or prophylaxis.

 ○ All pregnant women receiving  
 antenatal antiretroviral therapy who  
 have virologic failure with persistently  
 detectable HIV RNA levels or who  
 have suboptimal viral suppression  
 after initiation of antiretroviral therapy.

For optimal prevention of perinatal 
transmission, empiric initiation of 
antiretroviral therapy before results of 
resistance testing are available may be 
warranted, with adjustment as needed after 
the results are available.

•

•
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�n�t�at�on of therapy or prophylax�s �n pregnant women who 
rece�ved prophylax�s �n prev�ous pregnanc�es and are now 
restart�ng ant�retrov�ral drugs for prevent�on of per�natal 
transm�ss�on. There are no data currently address�ng the 
ut�l�ty of res�stance test�ng �n the sett�ng of pregnancy, 
when short-term prophylact�c therapy �s often �n�t�ated 
�n women who do not yet need treatment for the�r own 
d�sease, and women who have mult�ple pregnanc�es may 
undergo several per�ods of ant�retrov�ral prophylax�s to 
prevent mother-to-child transmission. The identification 
of basel�ne res�stance mutat�ons may allow select�on of 
more effect�ve and more durable ant�retrov�ral reg�mens 
�n women need�ng treatment and greater preservat�on of 
future treatment opt�ons �n women rece�v�ng ant�retrov�ral 
therapy only for per�natal prophylax�s. However, there �s 
no ev�dence that basel�ne res�stance test�ng �n pregnancy �s 
assoc�ated w�th a reduct�on �n per�natal transm�ss�on rates. 

For pregnant women who are already rece�v�ng 
ant�retrov�ral therapy at the t�me they are seen, res�stance 
test�ng �s �nd�cated �f there �s subopt�mal �n�t�al v�ral 
suppress�on follow�ng �n�t�at�on of ant�retrov�ral therapy or 
�f there �s pers�stently detectable HIV RNA levels �nd�cat�ve 
of v�rolog�c fa�lure on the current reg�men. 

Wh�le �n most sett�ngs the results of res�stance test�ng 
would be used to gu�de select�on of the �n�t�al reg�men, 
�n some cl�n�cal s�tuat�ons the cl�n�c�an may choose to 
�n�t�ate emp�r�c ant�retrov�ral therapy or prophylax�s 
before the results of res�stance test�ng are ava�lable �n 
order to max�m�ze prevent�on of per�natal transm�ss�on; 
the antiretroviral drug regimen may be modified as 
needed once res�stance test results become ava�lable. Such 
s�tuat�ons �nclude when women have �n�t�al res�stance 
test�ng �n the th�rd tr�mester and test results may not be 
back �n t�me to allow effect�ve reduct�on of v�ral load 
before del�very. For women who had res�stance test�ng 
performed �n the latter half of the second tr�mester, experts 
are divided as to whether the benefit of immediate initiation 
of ant�retrov�ral drugs and more rap�d reduct�on of v�ral 
load outwe�ghed the poss�ble r�sk of �n�t�at�ng a reg�men 
that could be subopt�mal due to pre-ex�st�ng res�stance. 
 
 

Significance of Antiretroviral Drug 
Resistance in Pregnancy
The development of ant�retrov�ral drug res�stance �s one 
of the major factors lead�ng to therapy fa�lure �n HIV-
�nfected persons. Res�stant v�ral var�ants emerge under 
select�ve pressure, espec�ally w�th �ncompletely suppress�ve 
reg�mens, because of the mutat�on-prone process of 
reverse transcription in viral replication. Although specific 
res�stance mutat�ons may become undetectable when 
select�ve drug pressure �s removed, res�stant v�ral var�ants 
are bel�eved to be arch�ved permanently �n latent HIV 
reservo�rs and can re-emerge w�th re-exposure to drugs 
to wh�ch decreased suscept�b�l�ty had been establ�shed 
[156]� The adm�n�strat�on of comb�nat�on ant�retrov�ral 
therapy w�th max�mal suppress�on of v�ral repl�cat�on to 
undetectable levels l�m�ts the development of ant�retrov�ral 
res�stance �n both pregnant and nonpregnant persons. 

In add�t�on to the concerns about development of drug 
res�stance �n the general populat�on, pregnancy presents 
some spec�al concerns related to the development of 
drug res�stance. Pre-ex�st�ng res�stance to a drug �n an 
antiretroviral prophylaxis regimen may diminish efficacy 
of that reg�men �n prevent�ng per�natal transm�ss�on. 
Development of res�stance to drugs used dur�ng pregnancy 
for prophylax�s of per�natal transm�ss�on may l�m�t future 
maternal treatment opt�ons or decrease the effect�veness 
of prophylact�c reg�mens �n the current pregnancy or 
future pregnanc�es. Add�t�onally, �f maternal res�stance �s 
present or develops and res�stant v�rus �s transm�tted, �nfant 
treatment opt�ons may be l�m�ted. 

Several factors un�que to pregnancy may �ncrease the 
chance of development of res�stance. Ant�retrov�ral drugs 
may be used dur�ng pregnancy solely for prophylax�s of 
per�natal transm�ss�on and d�scont�nued after del�very �n 
women who do not requ�re therapy for the�r own health. 
If reg�mens used for prophylax�s �nclude drugs w�th 
significant differences in half-life, such as NVP combined 
w�th two nucleos�de analogue drugs, d�scont�nuat�on of 
all reg�men components s�multaneously postpartum may 
result �n funct�onal monotherapy and �ncrease the r�sk 
of development of NVP res�stance. Problems such as 
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nausea and vom�t�ng �n early pregnancy may comprom�se 
adherence and �ncrease the r�sk of res�stance �n women 
rece�v�ng ant�retrov�ral treatment.

Prevalence of Antiretroviral Drug 
Resistance
General Population 
 
The reported prevalence of ant�retrov�ral drug res�stance 
var�es depend�ng on several factors, �nclud�ng 
character�st�cs of the populat�on stud�ed (e.g., newly 
�nfected versus chron�cally �nfected), pr�or and current 
exposure to ant�retrov�ral drugs and type of reg�men 
(HAART versus non-HAART), geograph�c area, and type 
of res�stance assay used (genotyp�c versus phenotyp�c). In 
genotyp�c res�stance surveys from the Un�ted States and 
Europe of newly �nfected, therapy-naïve persons, rates of 
pr�mary res�stance mutat�ons appear to be �ncreas�ng over 
t�me and have been reported as h�gh as 23% [150, 157, 
158]�� The presence of h�gh-level phenotyp�c res�stance 
(>10-fold �ncrease �n 50% �nh�b�tory concentrat�on [IC50]) 
�ncreased from 3.4% �n 1995 – 1998 to 12.4% �n 1999 
– 2000 �n a retrospect�ve analys�s from 10 U.S. c�t�es, and 
was assoc�ated w�th longer t�me to v�ral suppress�on and 
shorter t�me to v�rolog�c fa�lure [157]�

More recently, stud�es have exam�ned ant�retrov�ral drug 
res�stance �n drug-naïve persons w�th newly d�agnosed 
HIV �nfect�on of unknown durat�on, more typ�cal of 
pat�ents present�ng for �n�t�al evaluat�on and care; 8.3% 
to 10.8% of pat�ents had HIV w�th genotyp�c mutat�ons 
assoc�ated w�th reduced ant�retrov�ral suscept�b�l�ty, w�th 
prevalence �ncreas�ng over t�me [149, 150]�� The h�ghest 
rates of ant�retrov�ral drug res�stance have been reported 
�n ant�retrov�ral treatment-exper�enced �nd�v�duals, 
w�th res�stance rates as h�gh as 88% reported �n v�rem�c 
�nd�v�duals currently rece�v�ng therapy and 30% �n 
�nd�v�duals w�th a past h�story of treatment [159]�

Pregnancy 
 
There are l�m�ted data about the prevalence of ant�retrov�ral 
drug res�stance �n pregnant women, but the ava�lable data 

suggest that rates of res�stance are s�m�lar �n pregnant 
women and �n nonpregnant �nd�v�duals, w�th ant�retrov�ral 
drug res�stance more frequent among ant�retrov�ral-
exper�enced women. A study from a un�vers�ty hosp�tal 
�n St. Lou�s found that 3 (17%) of 18 ant�retrov�ral-naïve 
pregnant women followed at the hosp�tal had pr�mary 
genotyp�c res�stance to NNRTI drugs, wh�ch was equal 
to the overall prevalence of such res�stance �n the 
ant�retrov�ral-naïve populat�on �n the same c�ty [160]� In 
a retrospect�ve rev�ew of 45 consecut�ve HIV-�nfected 
pregnant women with amplifiable virus presenting for care 
�n New York, 0 of 22 ant�retrov�ral-naïve pregnant women 
and 11 (48%) of 23 ant�retrov�ral-exper�enced women 
had major drug res�stance mutat�ons [161]� Among 220 
pregnant ant�retrov�ral-exper�enced women �n the Per�natal 
AIDS Collaborat�ve Transm�ss�on Study, all of whom had 
pr�or ZDV exposure �n pregnancy from 1991 to 1997, 
17.3% had ZDV-assoc�ated mutat�ons [162]� In a substudy 
of the PACTG 316 protocol, an �nternat�onal, mult�center 
cl�n�cal tr�al compar�ng s�ngle-dose NVP w�th placebo 
�n HIV-�nfected pregnant women rece�v�ng standard 
ant�retrov�ral therapy, 7 (3.2%) of 217 women w�th 
detectable HIV RNA had mutat�ons assoc�ated w�th NVP 
res�stance at 6 weeks postpartum, desp�te no h�story of 
pr�or exposure to non-nucleos�de drugs or rece�pt of NVP 
at del�very [163]� Add�t�onally, more than 60% of women 
rece�v�ng comb�nat�on therapy (e�ther dual nucleos�des 
or comb�nat�ons conta�n�ng a protease �nh�b�tor) had the 
M184V mutat�on conferr�ng res�stance to 3TC, and 25 
(11%) of 217 women had pr�mary or secondary protease 
mutat�ons.

Desp�te the �ncreas�ng prevalence of drug res�stance �n 
treatment-naïve and -exper�enced �nd�v�duals, there �s 
currently no ev�dence to �nd�cate on a populat�on bas�s 
that ant�retrov�ral drug res�stance �n HIV-�nfected pregnant 
women is compromising the efficacy of perinatal HIV 
prevent�on efforts �n North Amer�ca or Europe, where 
mother-to-ch�ld transm�ss�on rates rema�n less than 2% [3, 
164]� 
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Incidence of Antiretroviral Resistance 
with Perinatal Prophylactic Regimens

 
 
 
 
 
 
 
 
 

The presence of mutat�ons conferr�ng res�stance to 
nucleos�de analogue drugs appears to be correlated 
w�th more advanced maternal d�sease and durat�on of 
pr�or or current exposure to these drugs [162, 165-167]� 
Development of ZDV drug res�stance w�th the PACTG 076 
ZDV reg�men alone appears uncommon �n women w�th 
h�gher CD4 count and low v�ral load [64, 168], but �s more 
of a concern �n women who have more advanced d�sease 
and lower CD4 count [165]� 
 
Rap�d development of res�stance to 3TC, wh�ch requ�res 
only 1 po�nt mutat�on for h�gh-level res�stance, was 
reported �n 52 (39%) of 132 women w�th v�ral RNA 
samples amplified using standard genotypic assays at 6 
weeks postpartum �n a French cohort �n wh�ch 3TC was 
added at 32 weeks gestat�on to the PACTG 076 ZDV 
reg�men [8]. When women rece�ved 3TC for more than 
2 months, resistance was identified in 50% (37/74), as 
compared to none of 12 women rece�v�ng �t for less than 1 
month. In the PETRA study, 12% of women who rece�ved 
1 month antepartum, �ntrapartum, and 1 week postpartum 
comb�nat�on ZDV/3TC developed 3TC res�stance, wh�le 
none of the women who rece�ved only �ntrapartum and 1 
week postpartum ZDV/3TC developed res�stance; none of 
the women �n e�ther arm developed ZDV res�stance [169]�

NVP also has a low genet�c barr�er to res�stance, w�th 
one po�nt mutat�on conferr�ng res�stance to NVP and to 
other NNRTI drugs. Furthermore, �ts long half-l�fe, w�th 
blood levels detectable up to 21 days after a s�ngle dose �n 
labor, �ncreases select�on pressure and r�sk of res�stance 

[75]� Factors assoc�ated w�th �ncreased r�sk of res�stance 
follow�ng s�ngle-dose NVP exposure �nclude h�gh basel�ne 
v�ral load, low basel�ne CD4 cell count, v�ral subtype, and 
number of maternal doses. The rate of genotyp�c res�stance 
after exposure to s�ngle-dose NVP has var�ed �n stud�es, 
rang�ng from 15% to 75% [163, 170-179]� Stud�es us�ng 
more sens�t�ve real-t�me polymerase cha�n react�on (PCR) 
techn�ques suggest that up to one-half of res�stance that 
develops �s not detected by convent�onal sequence analys�s 
[178-181]� However, these stud�es demonstrate that wh�le 
resistance occurs in the first few weeks post-exposure in 
the major�ty of women exposed to s�ngle-dose NVP, the 
prevalence of res�stance decl�nes rap�dly over t�me and 
the proport�on of res�stant v�rus �n those w�th detectable 
res�stance 12 months after exposure �s low; add�t�onally, 
arch�v�ng of res�stance �n cellular prov�rus appears to 
be �nfrequent. In a study of v�rus from 67 South Afr�can 
women, using a sensitive allele-specific resistance assay, 
the K103N mutat�on was seen �n 87% of women at 6 
weeks, but �n only 11% at 12 months after s�ngle-dose NVP 
exposure, w�th a med�an frequency of the mutat�on of 0.7% 
(range 0.5% – 5.4%) �n women w�th detectable res�stance 
at 12 months. The K103N mutat�on was found �n cellular 
DNA �n only 4.2% of women at 12 months post-exposure 
[181]� 

Add�t�on of s�ngle-dose NVP to other background 
reg�mens (77% of women rece�ved antenatal comb�nat�on 
ant�retrov�ral therapy) st�ll resulted �n NVP res�stance �n 
14 of 95 (15%; 95% CI 8% – 23%)) women �n the PACTG 
316 study [163]�  Because PACTG 316 demonstrated 
that the add�t�on of s�ngle-dose NVP �n s�tuat�ons where 
comb�nat�on ant�retrov�ral therapy �s be�ng rece�ved d�d not 
provide any additional efficacy in prevention of mother-
to-ch�ld transm�ss�on, and because there �s a r�sk of NVP 
res�stance, th�s approach �s not recommended.  

Impact of Resistance in Pregnancy
Perinatal Transmission

Although per�natal transm�ss�on of res�stant v�rus has 
been reported, �t appears to be unusual, and there �s l�ttle 
ev�dence that the presence of res�stance mutat�ons �ncreases 
the r�sk of transm�ss�on when current recommendat�ons 

Panel’s Recommendations:

The addition of single-dose maternal/infant 
NVP to an ongoing HAART regimen does 
not provide additional efficacy in reducing 
perinatal transmission and may result in 
NVP drug resistance in the mother, and is 
therefore not recommended.

•
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for ant�retrov�ral management �n pregnancy are followed. 
A substudy of the Women and Infants Transm�ss�on Study 
followed pregnant women rece�v�ng ZDV monotherapy for 
treatment of HIV d�sease �n the early 1990s. In th�s study, 
detect�on of ZDV res�stance conferred an �ncreased r�sk 
of transm�ss�on when analys�s was adjusted for durat�on 
of membrane rupture and total lymphocyte count [165]; 
however, women �n th�s cohort had character�st�cs that 
would �nd�cate treatment w�th HAART under current U.S. 
Publ�c Health Serv�ce (USPHS) recommendat�ons for the�r 
own health and for prevent�on of per�natal transm�ss�on. 
When transm�tt�ng mothers had m�xed v�ral populat�ons of 
w�ld-type and v�rus w�th low-level ZDV res�stance, only 
w�ld-type v�rus was found �n the �nfant [182], and other 
stud�es have suggested that drug res�stance mutat�ons may 
diminish the fitness of the virus [183], poss�bly lead�ng to a 
decrease �n transm�ss�b�l�ty. The prevalence of ant�retrov�ral 
drug res�stance was exam�ned among HIV-�nfected 
newborns �n New York State. Eleven (12.1%) of 91 �nfants 
born �n 1989 – 1999 and 8 (19%) of 42 �nfants born �n 
2001 – 2002 had mutat�ons assoc�ated w�th decreased drug 
suscept�b�l�ty. However, per�natal ant�retrov�ral exposure 
was not found to be a significant risk factor for the presence 
of res�stance �n e�ther t�me per�od [184, 185]� Ne�ther 
res�stance to NVP that develops as a result of exposure 
to s�ngle-dose NVP nor exposure to s�ngle-dose NVP 
�n a pr�or pregnancy has been shown to affect per�natal 
transm�ss�on rates [186, 187]�

Maternal Response to Subsequent 
Treatment Regimens

Although the development of drug res�stance should be 
m�n�m�zed by prov�d�ng HAART to all women dur�ng 
pregnancy to max�mally suppress v�ral repl�cat�on, some 
women w�th low HIV RNA levels and h�gher CD4 counts 
may choose the PACTG 076 ZDV reg�men to m�n�m�ze 
exposure of the fetus to ant�retrov�ral drugs. Women who 
enrolled �n PACTG 076 had to have CD4 counts >200 
cells/mm3 at study entry. PACTG 288, a follow-up study 
of women enrolled �n PACTG 076 who were mon�tored 
for a med�an of >4 years postpartum, found no substant�al 
d�fferences �n CD4  count, HIV RNA level, t�me to 

progress�on to AIDS or death, or development of ZDV 
res�stance among women who rece�ved ZDV compared 
w�th those who rece�ved placebo [188]�

Because NVP res�stance mutat�ons can be detected �n the 
postpartum period in a significant proportion of women 
rece�v�ng s�ngle-dose �ntrapartum/�nfant NVP prophylax�s, 
the response to non-nucleos�de-based comb�nat�on therapy 
when later requ�red for maternal health reasons has been a 
concern. A study �n Tha�land reported lower rates of v�ral 
suppress�on to fewer than 50 cop�es/mL after 6 months of 
NVP-based comb�nat�on therapy among women who had 
prev�ously rece�ved s�ngle-dose NVP a med�an of 6 months 
pr�or to �n�t�at�on of treatment, as compared to women 
w�thout s�ngle-dose NVP exposure [173]� However, 2 
other stud�es from Botswana and South Afr�ca reported that 
women who rece�ved s�ngle-dose NVP responded s�m�larly 
to women w�thout such exposure when NVP-based 
ant�retrov�ral therapy was �n�t�ated more than 6 months 
after s�ngle-dose NVP exposure [189, 190]. Recent data 
us�ng more sens�t�ve res�stance assays have demonstrated 
the fad�ng of NVP res�stant v�rus to very low frequency 
levels (0.7%) by 1 year post s�ngle-dose NVP exposure, 
w�th m�n�mal pers�stent arch�v�ng of res�stance �n prov�ral 
DNA [181]; these data are very cons�stent w�th the 
stud�es suggest�ng response to NVP-based therapy �s not 
comprom�sed �f therapy �s started at least 6 to 12 months 
post-exposure and the stud�es report�ng that s�ngle-dose 
NVP �s effect�ve �n second pregnanc�es [186, 187, 189, 
190]�� 

There are few data evaluat�ng response to subsequent 
therapy �n women who rece�ve current comb�nat�on 
drug reg�mens for prophylax�s and d�scont�nue the drugs 
postpartum. However, �f the reg�men that was d�scont�nued 
had fully suppressed v�ral repl�cat�on, res�stance should 
not occur. Issues relat�ng to d�scont�nuat�on of NVP-
based comb�nat�on therapy are d�scussed �n the sect�on 
Prevention of Antiretroviral Drug Resistance.
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Management of Antiretroviral Drug 
Resistance during Pregnancy

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
Ideally, ant�retrov�ral reg�mens used dur�ng pregnancy 
for treatment or prophylax�s should be chosen based on 
the results of ant�retrov�ral res�stance test�ng. However, 
ant�retrov�ral drugs are also be�ng used dur�ng pregnancy 
for prevent�on of mother-to-ch�ld HIV transm�ss�on. 
Although most transm�ss�on occurs dur�ng the �ntrapartum 
per�od, as much as 30% to 35% of transm�ss�on may occur 
in utero [191-193][191-193]; the major�ty of in utero �nfect�on �s 
thought to occur later �n pregnancy  [191],[191],, and may be 
more l�kely �n women w�th advanced HIV d�sease and/or 
h�gh v�ral load [192, 193]. Therefore, delay �n �n�t�at�on of 
an ant�retrov�ral drug reg�men to awa�t results of res�stance 
test�ng could result �n in utero �nfect�on of the �nfant, 
part�cularly �n women at h�gh r�sk of transm�ss�on or who 
are late �n pregnancy at the t�me the drugs are �n�t�ated. 
In such c�rcumstances, emp�r�c �n�t�at�on of ant�retrov�ral 
prophylax�s may be warranted to max�m�ze prevent�on of 
perinatal transmission, with the regimen being modified if 
needed once res�stance test�ng results become ava�lable.  

For women who have documented ZDV res�stance 
and whose antepartum reg�men does not �nclude ZDV, 
�ntravenous ZDV dur�ng labor should st�ll be adm�n�stered 
whenever poss�ble (see Intrapartum Care). If the 
woman’s antepartum reg�men �ncludes d4T, wh�ch may 
be antagon�st�c to ZDV, d4T should be stopped dur�ng 
the �ntrapartum per�od and restarted after del�very (see 
Intrapartum Care). Other ant�retrov�rals should be 
cont�nued orally dur�ng labor to the extent poss�ble. Oral 
ZDV for 6 weeks should also be adm�n�stered to the �nfant. 
For an �nfant born to a woman w�th known ZDV-res�stant 
v�rus, many cl�n�c�ans would choose to prov�de add�t�onal 
ant�retrov�ral agents to the �nfant �n comb�nat�on w�th 
ZDV (see Infant Antiretroviral Prophylaxis). Such a 
dec�s�on must be accompan�ed by a d�scuss�on w�th the 
woman of the potential benefits and risks of this approach 
and the lack of data to address its efficacy and safety. The 
opt�mal prophylact�c reg�men for newborns of women w�th 
ant�retrov�ral drug res�stant v�rus �s unknown. Therefore, 
ant�retrov�ral prophylax�s for the �nfant born to a woman 
w�th known or suspected drug res�stant v�rus should be 
determ�ned w�th a ped�atr�c HIV spec�al�st, preferably 
before del�very. 

The rat�onale for �nclud�ng ZDV �ntrapartum and to the 
�nfant when a woman �s known to harbor v�rus w�th ZDV 
res�stance �s based on several factors. Data thus far have 
suggested that when mothers have m�xed populat�ons of 
w�ld-type v�rus and v�rus w�th low-level ZDV res�stance, 
only w�ld-type v�rus �s found �n the �nfant [182]. Other 
stud�es have suggested that drug res�stance mutat�ons may 
diminish viral fitness and possibly decrease transmissibility 
[183]� Efficacy of the PACTG 076 ZDV regimen appears 
to be based not only on reduct�on of HIV levels, but also 
on pre- and post-exposure prophylax�s �n the �nfant [13, 16, 
46]� ZDV crosses the placenta read�ly and has one of the 
h�ghest maternal:cord blood rat�os among the nucleos�de 
analogue agents. Add�t�onally, ZDV �s metabol�zed to the 
act�ve tr�phosphate w�th�n the placenta [194, 195], wh�ch 
may prov�de add�t�onal protect�on aga�nst transm�ss�on. 
Metabol�sm to the act�ve tr�phoshate, wh�ch �s requ�red 
for act�v�ty of all nucleos�de analogue agents, has not 
been observed w�th�n the placenta w�th other nucleos�de 
analogues that have been evaluated (ddI and ddC) [196, 

Panel’s Recommendations:

Women who have documented ZDV 
resistance and are on regimens that 
do not include ZDV for their own health 
should still receive intravenous ZDV during 
labor whenever possible, along with their 
established antiretroviral regimens and 
oral ZDV for their infants according to the 
PACTG 076 protocol. For women who are 
receiving a d4T-containing regimen, d4T 
should be discontinued during labor while 
intravenous ZDV is being administered (see 
Intrapartum Care).

The optimal prophylactic regimen for 
newborns of women with ARV resistance 
is unknown (see Infant Antiretroviral 
Prophylaxis). Therefore, ARV prophylaxis 
for an infant born to a woman with known 
or suspected drug resistance should be 
determined in consultation with a pediatric 
HIV specialist, preferably before delivery.

•

•
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197]. In add�t�on, ZDV has been shown to reduce gen�tal 
HIV RNA levels, and gen�tal v�ral levels have been shown 
to correlate w�th per�natal transm�ss�on [44]� Data on levels 
of other nucleos�de analogues �n the gen�tal tract are more 
l�m�ted, and �t �s unknown �f other nucleos�de analogue 
agents w�ll prov�de a s�m�lar reduct�on �n gen�tal tract 
HIV RNA levels [198-200]. ZDV has better penetrat�on 
�nto the CNS compared to other nucleos�de analogues 
w�th the except�on of d4T, whose CNS penetrat�on �s 
s�m�lar; th�s may help to el�m�nate a potent�al reservo�r for 
transm�tted HIV �n the �nfant [201, 202]. Thus, �ntravenous 
�ntrapartum and oral ZDV for the �nfant should be �ncluded 
even �n the presence of known ZDV res�stance because of 
the un�que character�st�cs of ZDV and �ts proven record �n 
reduc�ng per�natal transm�ss�on.  

Prevention of Antiretroviral Drug 
Resistance

 
The most effect�ve way to prevent the development 
of ant�retrov�ral drug res�stance �n pregnancy �s to use 
and adhere to an effect�ve comb�nat�on of ant�retrov�ral 
drugs to ach�eve max�mal v�ral suppress�on. Select�on of 
a reg�men should take �nto account pr�or ant�retrov�ral 
treatment h�story, �nclud�ng documented cl�n�cal, 
�mmunolog�c, or v�rolog�c fa�lure w�th or w�thout 
genotyp�c or phenotyp�c res�stance test�ng; h�story of 
nonadherence; and problems w�th �ntolerance. 

When NVP or other NNRTI drugs are used as part of a 
prophylact�c comb�nat�on ant�retrov�ral reg�men that �s 
stopped after del�very, there may be a r�sk of development 
of NNRTI res�stance because of the drug’s prolonged half-
l�fe, lead�ng to a per�od of funct�onal monotherapy �f all 
drugs are d�scont�nued at once. Stud�es �n South Afr�ca and 
Cote d’Ivo�re have shown that the development of NVP 
res�stance follow�ng exposure to s�ngle-dose �ntrapartum 
NVP (g�ven alone or �n comb�nat�on w�th antenatal 
antiretroviral therapy) was significantly decreased (but 
not el�m�nated) �f ZDV/3TC was g�ven �ntrapartum and 
adm�n�stered for 3 to 7 days postpartum after �ntrapartum 
NVP [203, 204]. Whether such a strategy w�ll be usefulWhether such a strategy w�ll be useful 
when an antenatal NVP-based comb�nat�on reg�men �s 
stopped after del�very �s not known. In a cohort of 39 
women who �n�t�ated comb�nat�on ant�retrov�ral therapy 
�n pregnancy and had genotyp�c test�ng performed at 
6 weeks postpartum, 5 (13%) had pr�mary mutat�ons 
detected  [174]. All 5 were on comb�nat�on reg�mens that 
�ncluded NVP, were treatment naïve pr�or to pregnancy, 
and had staggered drug d�scont�nuat�on after del�very 
(the dual nucleos�de component of the reg�men was 
cont�nued for 5 days after stopp�ng NVP). It �s not known 
whether the �nc�dence of res�stance would have been 
significantly higher if drug discontinuation had not been 
staggered. NNRTI drugs have long half-l�ves, and drug 
levels can pers�st for up to 1 to 3 weeks after stopp�ng 
the drug; EFV levels pers�st longer than NVP levels [75, 

Panel’s Recommendations:

The use of HAART to maximally suppress 
viral replication during pregnancy is the 
most effective strategy to prevent the 
development of resistance and to minimize 
the risk of perinatal transmission.  

All pregnant women should be counseled 
about the importance of adherence to 
prescribed antiretroviral medications to 
reduce the potential for development of 
resistance.

NVP-based combination therapy should 
not be initiated in women with CD4 count 
>250 cells/mm3 unless the benefit clearly 
outweighs the risk due to concern about 
increased risk of hepatic toxicity (see 
Nevirapine and Hepatic/Rash Toxicity). 
However, some pregnant women may 
receive an NVP-based combination 
antiretroviral therapy regimen for 
prophylaxis only, with plans to discontinue 
therapy after delivery. In this situation, 
consideration should be given to continuing 
the nucleoside analogue agents for 7 
days after stopping NVP to minimize the 
risk of NVP resistance (See Stopping 

•

•

•

Antiretroviral Therapy during Pregnancy 
and Postpartum Follow-Up of HIV-
Infected Women).



July 8, 2008

39Recommendations for Use of Antiretroviral Drugs in Pregnant HIV-Infected Women for Maternal Health 
and Interventions to Reduce Perinatal HIV Transmission in the United States

78]. Further research �s needed on the opt�mal durat�on 
of t�me and reg�men to “cover” th�s per�od of prolonged 
NNRTI exposure to prevent emergence of res�stance 
follow�ng d�scont�nuat�on of NNRTI-based therapy; many 
experts w�ll stop the NNRTI drug and cont�nue the other 
ant�retrov�ral drugs for 7 days. 
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intrapartum 
antiretroviral 
therapy/prophylaxis

Table 5 shows dos�ng for �ntravenous �ntrapartum ZDV 
g�ven �n cont�nuous �nfus�on dur�ng labor and neonatal 
ZDV dos�ng; Table 6 shows �ntrapartum and neonatal 
dos�ng for add�t�onal drugs to be cons�dered �n certa�n 
s�tuat�ons as del�neated below.

Women Who Have Received 
Antepartum Antiretroviral Drugs 
Use of Intravenous ZDV during Labor

The goal for the management of HIV-�nfected pregnant 
women dur�ng labor and del�very �s to both m�n�m�ze the 
r�sk for per�natal HIV transm�ss�on and the potent�al for 
maternal and neonatal compl�cat�ons. The PACTG 076 
results and subsequent ep�dem�olog�c stud�es have proven 
the efficacy of the three-part ZDV chemoprophylaxis 
reg�men alone or �n comb�nat�on w�th other ant�retrov�ral 
agents; the PACTG 076 ZDV reg�men �ncludes a 
cont�nuous �ntravenous �nfus�on of ZDV dur�ng labor 
(�n�t�al load�ng dose of 2 mg/kg �ntravenously over 1 
hour, followed by cont�nuous �nfus�on of 1 mg/kg/hour 
unt�l del�very). Therefore, �ntravenous ZDV dur�ng 
the �ntrapartum per�od should be d�scussed w�th and 
recommended to all HIV-�nfected pregnant women. For 
a scheduled cesarean del�very, �ntravenous ZDV should 
beg�n 3 hours before surgery, accord�ng to standard 

Intrapartum Care

Panel’s Recommendations:

Intrapartum intravenous ZDV is 
recommended for all HIV-infected pregnant 
women, regardless of their antepartum 
regimen, to reduce perinatal HIV 
transmission.   

For women who are receiving a d4T-
containing antepartum regimen, d4T 
should be discontinued during labor while 
intravenous ZDV is being administered. 

Women who are receiving an antepartum 
combination antiretroviral treatment 
regimen should continue this regimen on 
schedule as much as possible during labor 
and prior to scheduled cesarean section.

Women receiving fixed-dose combination 
regimens that include ZDV should have 
ZDV administered intravenously during 
labor while other antiretroviral components 
are continued orally. 

For women who have received antepartum 
antiretroviral drugs but have suboptimal 
viral suppression near delivery (i.e., 
>1,000 copies/mL), scheduled cesarean 
delivery is recommended.  The addition of 
intrapartum/newborn single-dose NVP is 
not recommended.

Women of unknown HIV status who present 
in labor should have rapid HIV antibody 
testing performed, and intravenous ZDV 
initiated if the test is positive (without 
waiting for results of the confirmatory test), 
and infant ZDV initiated. A confirmatory test 
should be done postpartum; if positive, 6 
weeks of infant ZDV is recommended, and 
if negative, the infant ZDV can be stopped. 

For HIV-infected women in labor who have 

•

•

•

•

•

•

•

not received antepartum antiretroviral 
drugs, intravenous ZDV during labor and 
6 weeks of infant ZDV is recommended. 
Some experts would combine the 
intravenous intrapartum/6-week newborn 
ZDV regimen with single-dose intrapartum/
newborn NVP.  

If single-dose NVP is given (alone or in 
combination with ZDV), consideration 
should be given to adding 3TC during 
labor and maternal ZDV/3TC for 7 
days postpartum, which may reduce 
development of NVP resistance in the 
woman.

•
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dosing recommendations. Women receiving fixed-
dose comb�nat�on reg�mens that �nclude ZDV (e.g., the 
ZDV/3TC comb�nat�on Comb�v�r) should have ZDV 
adm�n�stered �ntravenously dur�ng labor wh�le other 
ant�retrov�ral components are cont�nued orally (e.g., �f 
a woman �s rece�v�ng Comb�v�r dur�ng pregnancy, ZDV 
should be g�ven �ntravenously and 3TC g�ven orally dur�ng 
labor). 

If a woman has not rece�ved ZDV as a component of 
her antenatal ant�retrov�ral reg�men because of known 
or suspected ZDV res�stance or tox�c�ty, �ntrapartum 
ZDV accord�ng to the PACTG 076 protocol should st�ll 
be recommended unless a h�story of hypersens�t�v�ty �s 
documented, because of the un�que character�st�cs of ZDV 
and �ts proven record �n reduc�ng per�natal transm�ss�on 
(see Antiretroviral Resistance). There �s a pharmacolog�c 
antagon�sm between ZDV and d4T, and therefore these 
drugs should not be adm�n�stered together dur�ng labor. 
Women who are rece�v�ng an antepartum d4T-conta�n�ng 
reg�men should d�scont�nue d4T dur�ng labor wh�le 
�ntravenous ZDV �s be�ng adm�n�stered, w�th other 
components of the reg�men cont�nued orally.  

Continuation of Antenatal Antiretroviral 
Drugs during Labor and Postpartum

Women who are rece�v�ng an antepartum comb�nat�on 
ant�retrov�ral treatment reg�men should cont�nue th�s 
reg�men on schedule as much as poss�ble dur�ng the 
�ntrapartum per�od, regardless of route of del�very, to 
prov�de max�mal v�rolog�c effect and to m�n�m�ze the 
chance of development of drug res�stance. When cesarean 
del�very �s planned, oral med�cat�ons may be cont�nued 
preoperat�vely w�th s�ps of water. Med�cat�ons requ�r�ng 
food �ngest�on for absorpt�on could be taken w�th l�qu�d 
d�etary supplements, but consultat�on w�th the attend�ng 
anesthes�olog�st should be obta�ned before adm�n�ster�ng �n 
the preoperat�ve per�od. If maternal ant�retrov�ral therapy 
must be �nterrupted temporar�ly (�.e., for less than 24 hours) 
�n the per�partum per�od, all drugs (except for �ntrapartum 
�ntravenous ZDV) should be stopped and re�nst�tuted 
s�multaneously to m�n�m�ze the chance of res�stance 
develop�ng.   
 

Women Who Have Received 
Antepartum Antiretroviral Drugs but 
Have Suboptimal Viral Suppression 
near Delivery
Scheduled cesarean del�very �s recommended for women 
who have HIV RNA levels >1,000 cop�es/mL near the t�me 
of del�very (see Transmission and Mode of Delivery). 
It has not been shown that adm�n�strat�on of s�ngle-
dose NVP dur�ng labor to women who have rece�ved 
antepartum ant�retrov�ral drugs but have subopt�mal 
suppress�on of HIV RNA (�.e., >1,000 cop�es/mL) near 
the t�me of del�very prov�des added protect�on aga�nst 
per�natal transm�ss�on. In the PACTG 316 study, conducted 
�n women �n the Un�ted States, Europe, Braz�l, and the 
Bahamas who were rece�v�ng ant�retrov�ral drugs dur�ng 
pregnancy (pr�mar�ly comb�nat�on therapy) and who 
generally had low v�ral load at the t�me of del�very, the 
add�t�on of s�ngle-dose NVP d�d not reduce the r�sk of 
mother-to-ch�ld HIV transm�ss�on but was assoc�ated w�th 
the development of NVP res�stance �n 15% of women w�th 
detectable HIV RNA postpartum [9, 163]. Add�t�onally, 
wh�le the transm�ss�on rate was h�gher �n women w�th 
lower basel�ne CD4 count and h�gher del�very HIV RNA 
levels, there was no significant difference in transmission 
rates between s�ngle-dose NVP or placebo �n any subgroup 
or by mode of del�very (34% underwent elect�ve cesarean 
del�very). Thus, because of the r�sk of development of 
resistance and the lack of data to suggest added efficacy, 
add�t�on of s�ngle-dose NVP when a woman has rece�ved 
antepartum drugs �s not recommended.

Women Who Have Not Received 
Antepartum Antiretroviral Drugs
Women Who Present in Labor with No 
Documentation of HIV Status

Any woman w�thout documented HIV status at the t�me 
of labor should be screened w�th rap�d HIV test�ng unless 
she decl�nes (opt-out screen�ng). Statutes and regulat�ons 
�n th�s area vary from state to state (see http://www.
ucsf.edu/hivcntr/StateLaws/Index.html for a rev�ew of 
state HIV test�ng laws). Current �nformat�on should be 

http://www.ucsf.edu/hivcntr/StateLaws/Index.html
http://www.ucsf.edu/hivcntr/StateLaws/Index.html
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ava�lable at all fac�l�t�es w�th a matern�ty serv�ce and/or 
neonate �ntens�ve care un�t. Rap�d HIV test�ng �s also 
recommended for women who present �n labor who had 
a negat�ve test �n early pregnancy, but are at �ncreased 
r�sk of HIV �nfect�on (e.g., d�agnos�s of an STD, �ll�c�t 
drug use or exchange of sex for money or drugs, mult�ple 
sexual partners dur�ng pregnancy or a sexual partner at 
r�sk of HIV �nfect�on, or s�gns/symptoms of acute HIV 
�nfect�on) and were not retested �n the th�rd tr�mester [58]. 
Repeat HIV test�ng �n the th�rd tr�mester of pregnancy �s 
recommended for women who are known to be at �ncreased 
r�sk for HIV acqu�s�t�on or who del�ver �n locat�ons w�th 
elevated �nc�dence or prevalence of HIV �nfect�on (where 
repeat th�rd tr�mester test�ng should be rout�ne). Rap�d HIV 
ant�body test�ng should be ava�lable on a 24-hour bas�s 
at all fac�l�t�es w�th a matern�ty serv�ce and/or neonatal 
�ntens�ve care un�t.

Women w�th a pos�t�ve rap�d ant�body test should be 
presumed to be �nfected unt�l standard HIV ant�body 
confirmatory testing clarifies their status. Along with 
confirmatory HIV antibody testing, the woman should 
have appropr�ate assessments (e.g., CD4 count and 
HIV RNA copy number) �n the �mmed�ate postpartum 
per�od to determ�ne maternal health status and whether 
ant�retrov�ral therapy �s recommended for her own health. 
Arrangements for establ�sh�ng HIV care and prov�d�ng 
ongo�ng psychosoc�al support after d�scharge should also 
be prov�ded. All women w�th a pos�t�ve rap�d HIV test �n 
labor should have �ntravenous ZDV started �mmed�ately to 
prevent per�natal HIV transm�ss�on, as d�scussed below.  

Choice of Intrapartum/Postpartum 
Antiretroviral Regimen for Women 
without Antepartum Antiretroviral 
Therapy

All HIV-�nfected women who have not rece�ved antepartum 
ant�retrov�ral therapy should have �ntravenous ZDV started 
�mmed�ately to prevent per�natal HIV transm�ss�on (see 
Table 5 for dos�ng �nformat�on). Although �ntrapartum/
neonatal ant�retrov�ral med�cat�ons w�ll not prevent 
per�natal transm�ss�on that occurs before labor, most 
transm�ss�on occurs near to or dur�ng labor and del�very. 

Pre-exposure prophylax�s for the fetus can be prov�ded 
by g�v�ng the mother a drug that rap�dly crosses the 
placenta to produce system�c ant�retrov�ral drug levels �n 
the fetus dur�ng �ntens�ve exposure to HIV �n maternal 
gen�tal secret�ons and blood dur�ng b�rth. In general, ZDV 
and other NRTI drugs as well as NNRTI drugs cross the 
placenta well, wh�le the protease �nh�b�tor drugs do not (see 
Table 2).  
 
Ep�dem�olog�c data �nd�cate that �ntravenous maternal 
�ntrapartum ZDV followed by oral ZDV for 6 weeks for 
the infant significantly reduces transmission compared 
w�th no treatment [16]. In a New York State cohort study, 
transm�ss�on rates were 10% w�th �ntrapartum and neonatal 
ZDV compared w�th 27% w�thout ZDV, a 62% reduct�on �n 
r�sk [16]. The PETRA study demonstrated that �ntrapartum 
prophylax�s alone, w�thout an �nfant post-exposure 
prophylax�s component, �s not effect�ve �n reduc�ng 
per�natal transm�ss�on [15]� 
 
Whether the add�t�on of other ant�retrov�ral drugs to the 
�ntravenous �ntrapartum/newborn ZDV reg�men when no 
maternal antepartum drugs have been rece�ved �ncreases 
efficacy in preventing perinatal transmission has not been 
d�rectly stud�ed. Several �ntrapartum/neonatal prophylax�s 
reg�mens have been found to be effect�ve �n �nternat�onal 
stud�es. These �nclude oral ZDV/3TC dur�ng labor followed 
by 1 week of oral ZDV/3TC to the �nfant, and s�ngle-dose 
�ntrapartum/newborn NVP [14, 15]. However, none of 
these reg�mens has been compared to �ntravenous ZDV 
comb�ned w�th 6 weeks of �nfant ZDV prophylax�s.  
 
An ongo�ng study �n the Un�ted States, Braz�l, Argent�na, 
and South Afr�ca �s assess�ng whether add�ng drugs to 
the �ntravenous �ntrapartum/newborn ZDV reg�men w�ll 
enhance efficacy in reducing perinatal transmission. In 
the absence of data, some experts feel add�t�onal drugs 
may be warranted. One opt�on �s to add the s�ngle-dose 
�ntrapartum/newborn NVP reg�men to the �ntravenous/6-
week �nfant ZDV reg�men. Wh�le s�ngle-dose NVP d�d 
not provide additional efficacy when added to antepartum 
comb�nat�on ant�retrov�ral reg�mens �n PACTG 316, �n th�s 
s�tuat�on, no maternal antepartum therapy has been g�ven. 
Theoret�cal advantages of comb�n�ng the ZDV and NVP 
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�ntrapartum/neonatal reg�mens �nclude the known short-
term safety of each reg�men alone; excellent transplacental 
passage of both drugs; greater ant�v�ral act�v�ty of NVP 
compared w�th ZDV, as well as the act�v�ty of NVP 
aga�nst extracellular and �ntracellular v�rus [205, 206]; and 
the known synergy of ZDV and NVP �n �nh�b�t�ng HIV 
repl�cat�on in vitro [207]�

However, s�ngle-dose NVP �s assoc�ated w�th the 
development of NVP-res�stant v�rus (see Antiretroviral 
Resistance) [163, 170, 171, 173]. Some stud�es suggest 
the add�t�on of ZDV/3TC �ntrapartum and for 1 week 
postpartum to the mother to the s�ngle-dose �ntrapartum/
newborn NVP reg�men w�ll reduce (but not el�m�nate) 
the development of NVP res�stance (see Antiretroviral 
Resistance) [203, 204]�� Because of th�s, �f s�ngle-dose 
NVP �s added to the �ntravenous �ntrapartum/newborn ZDV 
reg�men, some experts would add oral 3TC to the mother 
dur�ng labor, followed by 7 days of maternal ZDV/3TC 
(see Table 6 for dos�ng �nformat�on). Development of 
res�stance to 3TC g�ven �n an �ntrapartum/postpartum 
reg�men �s rare [8]. No ZDV or 3TC res�stance was 
observed w�th �ntrapartum/1-week postpartum ZDV/3TC �n 
the SAINT study �n South Afr�ca [172]. Several add�t�onal 
ongo�ng stud�es are evaluat�ng alternat�ve ant�retrov�ral 
reg�mens and durat�ons for prevent�on of res�stance 
follow�ng s�ngle-dose NVP exposure. 
  
  
transmission and mode 
of delivery  

 
The ACOG’s [208] Comm�ttee on Obstetr�c Pract�ce has 
�ssued  a Comm�ttee Op�n�on concern�ng route of del�very, 
recommend�ng cons�derat�on of scheduled cesarean 
del�very (cesarean del�very pr�or to labor and rupture of 
membranes) for HIV-�nfected pregnant women w�th HIV 
RNA levels >1,000 cop�es/mL near the t�me of del�very 
[209]. For women who have HIV RNA <1,000 cop�es/
mL, the data regarding the benefit of scheduled cesarean 
delivery are insufficient to draw definitive conclusions; 
therefore, dec�s�ons regard�ng mode of del�very should be 
�nd�v�dual�zed. Women �n these c�rcumstances should be 
carefully counseled regarding the uncertain benefit and 

Panel’s Recommendations:

Scheduled cesarean delivery at 38 weeks 
gestation is recommended for women with 
HIV RNA levels >1,000 copies/mL near the 
time of delivery (whether receiving or not 
receiving antepartum antiretroviral drugs) 
and for women with unknown HIV RNA 
levels near the time of delivery. 

It is not clear whether cesarean delivery 
after rupture of membranes or onset 
of labor provides benefit in preventing 

•

•

perinatal transmission. Management 
of women originally scheduled for 
cesarean delivery who present with 
ruptured membranes or in labor must be 
individualized based on duration of rupture, 
progress of labor, plasma HIV RNA level, 
current antiretroviral therapy, and other 
clinical factors. 

Data are insufficient to evaluate the 
potential benefit of cesarean delivery for 
prevention of perinatal transmission in 
pregnant women receiving combination 
antiretroviral drugs with plasma HIV 
RNA levels <1,000 copies/mL near the 
time of delivery. Given the low rate of 
transmission among this group, it is unlikely 
that scheduled cesarean delivery would 
confer additional benefit in reduction 
of transmission. Decisions should be 
individualized based on discussion between 
the obstetrician and the mother.

Although no controlled studies have 
evaluated the efficacy of antimicrobial 
prophylaxis specifically for HIV-infected 
women undergoing scheduled operative 
delivery, use of prophylactic antibiotics at 
the time of cesarean delivery is generally 
recommended

Women should be informed of the risks 
associated with cesarean delivery; the risk 
to the woman should be balanced with 
potential benefits expected for the neonate.  

•

•

•
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known r�sks of scheduled cesarean del�very. 
Pregnant women rece�v�ng HAART have transm�ss�on rates 
of 1.2% to 1.5%, unadjusted for mode of del�very. G�ven 
the low transm�ss�on rates among women on HAART, 
the benefit of scheduled cesarean delivery is difficult to 
evaluate. Data from PACTG 367, a chart rev�ew study 
�nclud�ng 2,756 women, found a transm�ss�on rate of 34 
(1.3%) of 2,539 women on comb�nat�on ant�retrov�ral 
therapy. Women w�th HIV RNA levels <1,000 cop�es/mL 
on comb�nat�on therapy had transm�ss�on rates of 0.8% 
w�th scheduled cesarean del�very and 0.5% w�th all other 
del�very modes (OR 1.4, 95% CI 0.2 – 6.4) [60]. In a 
recent report from the European Collaborat�ve Study that 
�ncluded data from 4,525 women, the overall transm�ss�on 
rate among the subset of women on HAART was 11 
(1.2%) of 918 [164]. Among the subset of 560 women 
with undetectable HIV RNA levels (≤200 – 500 copies/
mL, depend�ng on s�te), scheduled cesarean del�very 
was associated with a significant reduction in perinatal 
transm�ss�on �n un�var�ate analys�s (OR 0.07, 95% CI 
0.02 – 0.31, p = 0.0004). However, after adjustment for 
ant�retrov�ral therapy (none versus any), the effect was 
no longer significant (adjusted OR 0.52, 95% CI 0.14 
– 2.03,  p = 0.359). These data do not confirm, but also do 
not rule out, a benefit from scheduled cesarean delivery 
among women w�th HIV RNA <1,000 cop�es/mL who are 
rece�v�ng ant�retrov�ral therapy. Stud�es of women w�th 
detectable HIV RNA on HAART have had �nadequate 
numbers to assess the potential additional benefit. 
 
HIV-�nfected women who present �n late pregnancy and are 
not rece�v�ng ant�retrov�ral therapy may not have HIV RNA 
results ava�lable before del�very. W�thout current therapy, 
HIV RNA levels are unl�kely to be <1,000 cop�es/mL. Even 
�f comb�nat�on therapy were begun �mmed�ately, reduct�on 
�n plasma HIV RNA to undetectable levels usually takes 
several weeks, depend�ng on the start�ng RNA level  [80]. 
Scheduled cesarean del�very �s l�kely to prov�de add�t�onal 
benefit in reducing risk of perinatal transmission of HIV 
along w�th the three-part PACTG 076 ZDV reg�men and/or 
HAART, g�ven �n�t�at�on so late �n pregnancy. 
 
If the dec�s�on �s made to perform a scheduled cesarean 
del�very to prevent HIV transm�ss�on, ACOG recommends 

that �t be done at 38 weeks gestat�on, determ�ned by 
the best cl�n�cal and sonograph�c est�mate and avo�d�ng 
amn�ocentes�s [208, 210]. For HIV-un�nfected women, 
ACOG gu�del�nes for scheduled cesarean del�very w�thout 
confirmation of fetal lung maturity advise waiting until 39 
completed weeks or the onset of labor to reduce the chance 
of �atrogen�c prematur�ty and assoc�ated compl�cat�ons 
�n the neonate [211]. Cesarean del�very at 38 versus 39 
weeks enta�ls a small absolute but substant�ally �ncreased 
r�sk of development of �nfant resp�ratory d�stress requ�r�ng 
mechan�cal vent�lat�on [212, 213]. Th�s �ncreased r�sk 
must be balanced aga�nst the potent�al r�sk for labor or 
membrane rupture before the woman would reach 39 weeks 
of gestat�on. 
 
Because maternal �nfect�ous morb�d�ty �s potent�ally 
�ncreased w�th cesarean del�very even among women 
w�thout HIV �nfect�on, use of per�operat�ve ant�m�crob�al 
prophylax�s �s generally recommended for all women 
undergo�ng cesarean del�very. Although no controlled 
studies have evaluated the efficacy of antimicrobial 
prophylaxis specifically for HIV-infected women 
undergo�ng scheduled cesarean del�very, cl�n�c�ans should 
generally use per�operat�ve ant�b�ot�cs for the�r HIV-
�nfected pat�ents undergo�ng cesarean del�very [208, 211]. 
A narrow spectrum ant�b�ot�c such as cefazol�n �s preferred 
to m�n�m�ze the select�on of ant�b�ot�c res�stant organ�sms. 
 
No data are ava�lable to address the quest�on of whether 
perform�ng cesarean del�very soon after the onset of labor 
or membrane rupture to shorten labor and avo�d vag�nal 
del�very decreases the r�sk of per�natal HIV transm�ss�on 
when scheduled cesarean sect�on would be recommended 
or �f prolonged labor �s ant�c�pated. Most stud�es have 
shown the r�sk of transm�ss�on w�th cesarean del�very 
done after labor and membrane rupture for obstetr�c 
�nd�cat�ons to be s�m�lar to that w�th vag�nal del�very, 
although the durat�on of ruptured membranes �n these 
women was often longer than 4 hours and HIV RNA 
measurements were not �ncluded [214, 215]. When an 
effect of durat�on of membrane rupture was demonstrated, 
the r�sk of transm�ss�on was tw�ce as h�gh among women 
w�th ruptured membranes for >4 hours before del�very, 
compared w�th those w�th shorter durat�on of membrane 
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rupture, although the r�sk �ncreased cont�nuously w�th 
�ncreas�ng durat�on of rupture. It �s not known �f th�s 
�ncreased r�sk appl�es to women w�th undetectable v�ral 
loads or to those who are on comb�nat�on ant�retrov�ral 
therapy.

If cerv�cal d�latat�on �s m�n�mal and a long per�od of 
labor �s ant�c�pated, the cl�n�c�an may beg�n the load�ng 
dose of �ntravenous ZDV and proceed as exped�t�ously as 
poss�ble w�th cesarean del�very to m�n�m�ze the durat�on 
of membrane rupture and avo�d vag�nal del�very �n women 
who meet the cr�ter�a for cesarean del�very (�.e., HIV 
RNA >1,000 cop�es/mL). ZDV �nfus�on should cont�nue 
unt�l cord clamp�ng. Alternat�vely, the cl�n�c�an m�ght 
beg�n oxytoc�n augmentat�on to enhance contract�ons and 
potent�ally exped�te del�very. If labor �s progress�ng rap�dly, 
the woman should be allowed to del�ver vag�nally. If the 
woman �s allowed to labor, scalp electrodes and other 
�nvas�ve mon�tor�ng and operat�ve vag�nal del�very should 
be avo�ded �f poss�ble. 

When membrane rupture occurs pr�or to 37 weeks 
gestat�on, dec�s�ons about del�very should be based on 
gestat�onal age, HIV RNA level, current ant�retrov�ral 
reg�men, and ev�dence of acute �nfect�on (e.g., 
chor�oamn�on�t�s); consultat�on w�th an expert �n 
neonatology/per�natology �s recommended. Ant�retrov�ral 
reg�men should be cont�nued and cons�derat�on g�ven to 
�n�t�at�ng �ntravenous ZDV.

Table 7 prov�des a summary of recommendat�ons regard�ng 
mode of del�very for d�fferent cl�n�cal scenar�os.

Maternal Risks of Morbidity by Mode 
of Delivery

 
 

Among women not �nfected w�th HIV, maternal morb�d�ty 
and mortal�ty are greater after cesarean than after vag�nal 
del�very. Compl�cat�ons, espec�ally postpartum �nfect�ons, 
are approximately five to seven times more common after 
cesarean del�very, performed after labor or membrane 
rupture compared w�th vag�nal del�very [216, 217]. 
Compl�cat�ons after scheduled cesarean del�very are 
more common than w�th vag�nal del�very, but less than 
w�th urgent cesarean del�very [218-222]. Factors that 
�ncrease the r�sk of postoperat�ve compl�cat�ons �nclude 
low soc�oeconom�c status, gen�tal �nfect�ons, obes�ty or 
malnutr�t�on, smok�ng, and prolonged labor or membrane 
rupture.

Several stud�es have compared the rate of postpartum 
compl�cat�ons by mode of del�very �n HIV-�nfected women. 
In the European Mode of Del�very random�zed tr�al �n HIV-
�nfected pregnant women, no major compl�cat�ons occurred 
�n e�ther the cesarean or vag�nal del�very group, although 
postpartum fever occurred �n more women w�th cesarean 
than vag�nal del�very [214]. In a number of observat�onal 
cohort stud�es, endometr�t�s, wound �nfect�on, pneumon�a, 
or postpartum fever were �ncreased �n HIV-�nfected women 
undergo�ng cesarean compared w�th vag�nal del�very, 
but one study d�d not d�st�ngu�sh urgent from scheduled 
cesarean del�very, and �n these older stud�es, scheduled 
cesarean del�very was not performed for prevent�on of 
transm�ss�on but for obstetr�c �nd�cat�ons (e.g., prev�ous 

Panel’s Recommendations:

Cesarean delivery is associated with a 
somewhat greater risk of complications 
among HIV-infected women than observed 
among uninfected women. 

•

Scheduled cesarean delivery poses a 
risk greater than that of vaginal delivery 
and less than that of urgent or emergent 
cesarean delivery. 

Complications are not of sufficient 
frequency or severity to outweigh the 
potential benefit of reduced transmission 
among women at heightened risk of 
transmission. 

Counseling should be provided regarding 
the increased risks and potential benefits 
associated with cesarean delivery based on 
HIV RNA levels.  

•

•

•
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cesarean del�very or severe pre-eclamps�a), wh�ch could 
�ncrease observed rate of compl�cat�ons [223, 224]�� In 
a more recent study �nclud�ng a cohort of HIV-�nfected 
women w�th a larger proport�on of women undergo�ng 
scheduled cesarean delivery specifically for prevention 
of HIV transm�ss�on, febr�le morb�d�ty was �ncreased 
among HIV-�nfected women w�th low CD4 cell counts 
who underwent scheduled cesarean compared to vag�nal 
del�very [224].  

A number of stud�es have compared compl�cat�on rates by 
mode of del�very between HIV-�nfected and -un�nfected 
women. In a study from the European HIV �n Obstetr�cs 
Group, the frequency of m�nor and major compl�cat�ons 
was h�gher �n HIV-�nfected women who had cesarean 
compared to vag�nal del�very and �ncreased compared to 
matched HIV-un�nfected women, but the relat�ve d�fference 
�n compl�cat�ons between vag�nal and cesarean del�ver�es 
was s�m�lar �n HIV-�nfected and -un�nfected women [225]. 
In add�t�on to the European HIV �n Obstetr�cs Group 
study, n�ne other stud�es have compared postoperat�ve 
compl�cat�ons between HIV-�nfected women and s�m�lar 
HIV-un�nfected women [226-234]. Many of these stud�es 
were retrospect�ve. Two stud�es found s�m�lar outcomes 
among HIV-�nfected women compared to controls, wh�le 
seven detected an �ncrease �n m�nor compl�cat�ons �n the 
HIV-�nfected women, such as postoperat�ve fever, m�ld 
anemia, or pneumonia. In the five studies where it was 
evaluated, an �ncreased r�sk of compl�cat�ons was seen 
among HIV-�nfected women w�th more advanced d�sease as 
measured by CD4 lymphocyte count or percent, cons�stent 
w�th the cohort stud�es [223, 224]��

In summary, data �nd�cate that cesarean del�very �s 
assoc�ated w�th a somewhat greater r�sk of compl�cat�ons 
among HIV-�nfected women than observed among 
un�nfected women, w�th the d�fference most notable among 
women w�th more advanced d�sease. Scheduled cesarean 
del�very for prevent�on of HIV transm�ss�on poses a r�sk 
greater than that of vag�nal del�very and less than that of 
urgent or emergent cesarean del�very. Compl�cat�on rates �n 
most stud�es were w�th�n the range reported �n populat�ons 
of HIV-un�nfected women w�th s�m�lar r�sk factors and 
were not of sufficient frequency or severity to outweigh the 

potential benefit of reduced transmission among women 
at he�ghtened r�sk of transm�ss�on. HIV-�nfected women 
should be counseled regard�ng the �ncreased r�sks and 
potential benefits associated with cesarean delivery based 
on the�r HIV RNA levels and current ant�retrov�ral therapy. 
 

other intrapartum 
management 
considerations

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Obstetr�c procedures �ncreas�ng the r�sk of fetal exposure 
to maternal blood, such as amn�ocentes�s and �nvas�ve 
mon�tor�ng, have been �mpl�cated �n �ncreas�ng vert�cal 
transm�ss�on rates by some, but not all, �nvest�gators [36, 
235-237]� None of the stud�es that have assessed these r�sks 
has e�ther controlled for v�ral load or have been conducted 
�n women rece�v�ng potent comb�nat�on ant�retrov�ral 
therapy. If spontaneous rupture of membranes occurs 
before or early dur�ng the course of labor, �ntervent�ons to 
decrease the �nterval to del�very, such as adm�n�strat�on 
of oxytoc�n, may be cons�dered. If labor �s progress�ng 
and membranes are intact, artificial rupture of membranes 
and use of fetal scalp electrodes should be cons�dered 

Panel’s Recommendations:

Artificial rupture of membranes or invasive 
monitoring should be considered only when 
obstetrically indicated and the length of 
time for ruptured membranes or monitoring 
is anticipated to be short.

Operative delivery with forceps or the 
vacuum extractor should be performed only 
in select circumstances.   

When uterine atony results in excessive 
postpartum bleeding in women receiving 
a protease inhibitor or EFV, methergine 
should not be used unless alternative 
treatments for postpartum hemorrhage 
are not available and if the need for 
pharmacologic treatment outweighs the 
risks; if used, it should be used in as low 
a dosage and for as short a duration as 
possible.

•

•

•
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only when obstetr�cally �nd�cated and the length of t�me 
for ruptured membranes or mon�tor�ng �s ant�c�pated to 
be short. Operat�ve del�very w�th forceps or the vacuum 
extractor may �ncrease the r�sk of transm�ss�on and should 
be avo�ded �f poss�ble, but may be cons�dered �n selected 
circumstances to shorten the time to delivery or for firm 
obstetr�c �nd�cat�ons [235, 236]�

Postpartum Hemorrhage, 
Antiretroviral Drugs, and Methergine 
Use
Women exper�enc�ng postpartum hemorrhage due to 
uter�ne atony are often managed w�th oral or parenteral 
methergine or other ergot alkaloids as a first-line agent. 
However, metherg�ne should not be coadm�n�stered 
w�th drugs that are potent CYP3A4 enzyme �nh�b�tors, 
�nclud�ng protease �nh�b�tors and the NNRTI drugs EFV 
and delav�rd�ne. The concom�tant use of ergotam�nes and 
protease �nh�b�tors has been assoc�ated w�th exaggerated 
vasoconstr�ct�ve responses. When uter�ne atony results 
�n excess�ve postpartum bleed�ng �n women rece�v�ng 
protease �nh�b�tors or EFV or delav�rd�ne as a component 
of an ant�retrov�ral reg�men, metherg�ne should not be 
used unless alternat�ve treatments (e.g., prostagland�n F 2 
alpha, m�soprostol, or oxytoc�n) are not ava�lable. If there 
are no alternat�ve med�cat�ons ava�lable and the need for 
pharmacolog�c treatment outwe�ghs the r�sks, metherg�ne 
should be used �n as low a dosage and for as short a 
durat�on as poss�ble.
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postpartum follow-up 
of hiv-infected women 

Comprehens�ve care and support serv�ces are part�cularly 
�mportant for women w�th HIV �nfect�on and the�r fam�l�es, 
who often face mult�ple soc�al and med�cal challenges. 
Components of comprehens�ve care �nclude the follow�ng 
med�cal and support�ve care serv�ces: 

a. pr�mary, gynecolog�c/obstetr�c, ped�atr�c, and HIV 
spec�alty care;

b. fam�ly plann�ng serv�ces; 
c. mental health serv�ces;
d. substance abuse treatment; 
e. support serv�ces; and
f. coord�nat�on of care through case management 

for the woman, her ch�ldren, and other fam�ly 
members. 

Support serv�ces should be ta�lored to the �nd�v�dual 
woman’s needs and may �nclude case management, ch�ld 
care, resp�te care, ass�stance w�th bas�c l�fe needs (e.g., 
hous�ng, food, and transportat�on), peer counsel�ng, and 
legal and advocacy serv�ces. Ideally, th�s care should beg�n 
before pregnancy and should be cont�nued throughout 
pregnancy and postpartum. 

Maternal med�cal serv�ces dur�ng the postpartum per�od 
must be coord�nated between obstetr�c care prov�ders and 
HIV spec�al�sts. Cont�nu�ty of ant�retrov�ral treatment 
when such treatment �s requ�red for the woman’s HIV 
�nfect�on �s espec�ally cr�t�cal and must be ensured. The 
dec�s�on whether or not to cont�nue ant�retrov�ral therapy 
after del�very w�ll depend on the woman’s nad�r CD4 
count, cl�n�cal symptoms/d�sease stage, presence of other 
�nd�cat�ons for ant�retrov�ral therapy, and pat�ent and 
prov�der preference. Ideally, a d�scuss�on of these factors 
should occur well before del�very. 

Concerns have been ra�sed about adherence to ant�retrov�ral 
reg�mens dur�ng the postpartum per�od. Women should be 
counseled about the fact that the phys�cal and psycholog�cal 
changes of the postpartum per�od, as well as the stresses 
and demands of car�ng for a new baby, m�ght make 
adherence more difficult and additional support may be 

Postpartum Management

Panel’s Recommendations:

The decision to continue or stop 
antiretroviral therapy after delivery depends 
on the nadir CD4 count, clinical symptoms/
disease stage, presence of other indications 
for antiretroviral therapy, and patient and 
provider preference.

The immediate postpartum period poses 
unique challenges for adherence; new or 
continued supportive services should be 
assured prior to hospital discharge.

Women with a positive rapid HIV antibody 
test during labor require comprehensive 
follow-up, including confirmation of HIV 
infection, full health assessment including 
evaluation for associated medical 
conditions, counseling related to newly 
diagnosed HIV infection, and assessment of 
need for antiretroviral therapy.

Breastfeeding is not recommended for HIV-
infected women in the United States, where 
safe, affordable and feasible alternatives 
are available and culturally acceptable.

Contraceptive counseling is a critical aspect 
of postpartum care. Although condoms are 
universally recommended for prevention 
of STD/HIV transmission, the unintended 
pregnancy rate with condom use alone is 
high.

The postpartum period provides an 
opportunity to review and optimize women’s 
health care, including cervical cancer 
screening, routine immunizations, mental 
health and substance abuse treatment 
as indicated, and assessment for signs of 
postpartum depression.

•

•

•

•

•

•
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needed to ma�nta�n good adherence to the�r therapeut�c 
ant�retrov�ral reg�men dur�ng th�s per�od [238, 239, 322]. 
The health care prov�der should be v�g�lant for s�gns of 
depress�on and �ll�c�t drug or alcohol use, wh�ch may 
requ�re assessment and treatment and wh�ch may �nterfere 
w�th adherence. Poor adherence has been shown to be 
assoc�ated w�th v�rolog�c fa�lure, development of res�stance, 
and decreased long-term effect�veness of ant�retrov�ral 
therapy [240-245]� Efforts to ma�nta�n adequate 
adherence dur�ng the postpartum per�od m�ght prolong 
the effect�veness of therapy. The Adherence sect�on �n 
the Guidelines for the Use of Antiretroviral Agents in 
HIV-Infected Adults and Adolescents �s ava�lable at the 
AIDSinfo Web s�te (http://AIDSinfo.nih.gov).

Women w�th nad�r CD4 counts <350 cells/mm3 and/
or symptomat�c HIV �nfect�on should be encouraged 
to cont�nue ant�retrov�ral therapy postpartum w�th no 
�nterrupt�on. For women who began ant�retrov�ral therapy 
with a nadir CD4 count ≥350 cells/mm3 for prophylax�s of 
transm�ss�on, the dec�s�on on whether to cont�nue therapy 
after del�very should be made �n consultat�on w�th her 
HIV prov�der, tak�ng �nto account current and nad�r CD4+ 
lymphocyte counts and trajectory, HIV RNA levels, and 
pat�ent preference. For women who rece�ved an NNRTI 
drug as part of the antepartum reg�men and who plan to 
stop ant�retrov�ral therapy after del�very, cons�derat�on 
should be g�ven to stopp�ng the NNRTI and cont�nu�ng 
the other ant�retrov�ral drugs for a short per�od of t�me 
(e.g., 7 days) to decrease the r�sk of NNRTI res�stance (see 
Stopping Antiretroviral Therapy during Pregnancy).  
 
A cl�n�cal tr�al �n HIV-�nfected nonpregnant adults that 
evaluated planned �nterrupt�on of treatment �n �nd�v�duals 
who requ�red therapy (mean durat�on on treatment: 6 years) 
and had normal�zed the�r CD4 counts to >350 cells/mm3 
compared to cont�nued therapy found h�gher rates of 
progress�on and death �n the treatment �nterrupt�on group 
[246]. Among women w�th �nd�cat�ons for cont�nued 
ant�retrov�ral therapy postpartum, planned �nterrupt�on of 
ant�retrov�ral therapy for several weeks or months has not 
been stud�ed prospect�vely and cannot be recommended 
as a strategy to deal w�th the r�sk of �ncomplete adherence 
and v�rolog�c fa�lure. Instead, every effort should be made 

to maximize adherence. Simplification of an antiretroviral 
reg�men (for example, to once-da�ly med�cat�ons) could 
also be cons�dered. Interrupt�on of ant�retrov�ral therapy 
postpartum among women who requ�re treatment for the�r 
own health, although preferable to �nterm�ttent adherence 
and v�rolog�c fa�lure, should be a last resort.

Data on follow-up of women from PACTG 076 who 
rece�ved antepartum and �ntrapartum ZDV prophylax�s w�th 
d�scont�nuat�on of drug after del�very (med�an follow-up 4 
years) demonstrated no d�fference �n cl�n�cal, �mmunolog�c, 
v�rolog�c, and res�stance status compared to women 
who rece�ved placebo [188]�� Among women w�th CD4 
cell counts >350 cells/mm3 followed �n the Women and 
Infants Transm�ss�on Study (WITS) cohort, there were no 
significant differences in CD4 count or d�sease progress�on 
among those who d�d or d�d not cont�nue ant�retrov�ral 
treatment after del�very [247]� However, for women 
rece�v�ng current comb�nat�on ant�retrov�ral prophylax�s 
reg�mens w�th no �nd�cat�on to cont�nue ant�retrov�ral 
therapy postpartum, the effect of l�m�ted-durat�on, fully 
suppress�ve ant�retrov�ral prophylax�s �n pregnancy 
on future treatment efficacy is unknown, and further 
research �s needed. Such women may eventually requ�re 
ant�retrov�ral therapy aga�n �n the context of subsequent 
pregnanc�es or for advanc�ng HIV d�sease.   
 
Women w�th a pos�t�ve rap�d HIV ant�body test dur�ng 
labor or at del�very requ�re comprehens�ve med�cal 
assessment, counseling, and follow-up. Confirmatory HIV 
ant�body test�ng should be performed as soon as poss�ble 
after an �n�t�al pos�t�ve rap�d test, to m�n�m�ze the delay 
for definitive diagnosis [248]. Women w�th a pos�t�ve 
rap�d HIV ant�body test should not breastfeed (unless the 
confirmatory HIV test is negative). Women with a new HIV 
d�agnos�s postpartum should rece�ve the same thorough 
evaluation as other newly identified infected patients, 
�nclud�ng cons�derat�on of ant�retrov�ral therapy. Other 
ch�ldren and the woman’s partners should be referred for 
HIV test�ng.  
 
Postpartum HIV transm�ss�on v�a breast m�lk �s well 
documented and the r�sk of transm�ss�on �s related to 
a var�ety of factors, �nclud�ng maternal health status 

http://aidsinfo.nih.gov/Guidelines/GuidelineDetail.aspx?MenuItem=Guidelines&Search=Off&GuidelineID=7&ClassID=1
http://aidsinfo.nih.gov/Guidelines/GuidelineDetail.aspx?MenuItem=Guidelines&Search=Off&GuidelineID=7&ClassID=1
http://aidsinfo.nih.gov/Guidelines/GuidelineDetail.aspx?MenuItem=Guidelines&Search=Off&GuidelineID=7&ClassID=1
http://AIDSinfo.nih.gov
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and breast m�lk cell-free and cell-assoc�ated v�ral load 
[249]. There are no safe methods to treat breast m�lk that 
w�ll effect�vely erad�cate the r�sk of HIV transm�ss�on 
assoc�ated w�th breastfeed�ng. There are l�m�ted data 
regard�ng the penetrat�on of ant�retrov�ral drugs �nto breast 
m�lk. The ava�lable data �nd�cate that there �s d�fferent�al 
penetrat�on of drugs �nto m�lk, w�th some drugs hav�ng 
h�gh levels wh�le others may have low or undetectable 
levels �n breast m�lk, wh�ch ra�ses concerns both regard�ng 
�nfant tox�c�ty as well as select�on of drug-res�stant v�rus 
w�th�n breast m�lk [250, 251]. Add�t�onally, drug levels �n 
the neonate may be subtherapeut�c and cannot be rel�ed 
on to �nterrupt breast m�lk HIV transm�ss�on. Accord�ngly, 
�n the Un�ted States and other parts of the world where 
replacement feed�ng �s affordable, feas�ble, acceptable, 
susta�nable, and safe, breastfeed�ng by HIV-�nfected 
women (�nclud�ng those rece�v�ng ant�retrov�ral drugs) �s 
not recommended [252]. 
 
Contracept�ve counsel�ng �s a cr�t�cal aspect of postpartum 
care. Although condoms are un�versally recommended 
for prevent�on of STD/HIV transm�ss�on, the un�ntended 
pregnancy rate even w�th cons�stent condom use alone 
�s est�mated at 10% – 15% annually. Women should be 
educated about the r�sk of un�ntended pregnancy when 
condoms are the sole contracept�ve method used. If another 
pregnancy �s not des�red �n the near future, and/or �f the 
ant�retrov�ral reg�men conta�ns potent�ally teratogen�c 
agents such as EFV, women should be offered dual-method 
contracept�on [253]� Revers�ble opt�ons �nclude �ntrauter�ne 
dev�ces and hormonal methods. Emergency contracept�on 
should not be recommended for rout�ne use as a form of 
contracept�on but should be prov�ded for use w�th�n 72 
hours after an ep�sode of unprotected �ntercourse or broken 
condom for women decl�n�ng add�t�onal contracept�on. 
Drug �nteract�ons have been documented between oral 
contracept�ves and many NNRTI and protease �nh�b�tor 
drugs (see the Guidelines for the Use of Antiretroviral 
Agents in HIV-Infected Adults and Adolescents, Tables 
21a and 21b) [5]; these �nteract�ons do not necessar�ly rule 
out the use of hormonal contracept�ve methods, as there 
�s no clear ev�dence of an effect on contracept�ve or ARV 
efficacy or toxicity. However, amprenavir/fosamprenavir 
levels are significantly lowered by oral contraceptives 

and co-adm�n�strat�on �s not recommended; �t �s not 
known �f low-dose r�tonav�r boost�ng ra�ses amprenav�r 
levels sufficiently to allow co-administration. Depot 
medroxyprogesterone acetate (Depo-Provera, DMPA) 
pharmacokinetics are not significantly affected by NVP, 
EFV, or nelfinavir, and levels of these drugs were not 
significantly altered by DMPA [254]. Potent�al �nteract�ons 
between ant�retrov�ral agents and the transdermal 
contracept�ve patch, vag�nal r�ng, and other �njectable 
contraception have not yet been defined. Permanent 
ster�l�zat�on �s an appropr�ate opt�on only for those women 
who are certa�n they do not des�re future ch�ldbear�ng. 
Advance counsel�ng and d�scuss�on about ster�l�zat�on 
�s strongly encouraged �n order to enable the woman to 
make a well-�nformed cho�ce. A woman’s HIV status does 
not affect the su�tab�l�ty of ster�l�zat�on as a permanent 
contracept�ve method. 
 
The postpartum per�od prov�des an opportun�ty to rev�ew 
and opt�m�ze women’s health care; th�s should �nclude 
assess�ng the need for prophylax�s aga�nst opportun�st�c 
�nfect�ons, cerv�cal cancer screen�ng, and rout�ne 
�mmun�zat�ons. Th�s per�od also prov�des an opportun�ty 
to assess the need for behav�oral health �ntervent�ons; 
th�s should �nclude mental health screen�ng, �nclud�ng 
an assessment for s�gns of postpartum depress�on, and 
substance abuse treatment as �nd�cated. Prov�ders should 
also re-emphas�ze the �mportance of safer sex pract�ces.

http://aidsinfo.nih.gov/Guidelines/GuidelineDetail.aspx?MenuItem=Guidelines&Search=Off&GuidelineID=7&ClassID=1
http://aidsinfo.nih.gov/Guidelines/GuidelineDetail.aspx?MenuItem=Guidelines&Search=Off&GuidelineID=7&ClassID=1
http://aidsinfo.nih.gov/Guidelines/GuidelineDetail.aspx?MenuItem=Guidelines&Search=Off&GuidelineID=7&ClassID=1
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infants born to 
mothers with unknown 
hiv infection status 

If maternal HIV status �s unknown and a rap�d HIV 
ant�body test was not performed on the mother dur�ng labor, 
rap�d HIV ant�body test�ng of the mother or the �nfant �s 
recommended as soon as poss�ble after b�rth, w�th �n�t�at�on 
of ant�retrov�ral prophylax�s for the �nfant �mmed�ately 
�f the rap�d test �s pos�t�ve. Rap�d HIV ant�body test�ng 
should be ava�lable on a 24-hour bas�s at all fac�l�t�es w�th 
a matern�ty serv�ce and/or neonatal �ntens�ve care un�t. 
A pos�t�ve rap�d ant�body test on the mother or the �nfant 
should be presumed to �nd�cate maternal HIV �nfect�on 
until standard antibody confirmatory testing clarifies 
maternal status. A standard confirmatory test (e.g., Western 
blot) should be performed on the mother (or her �nfant) as 
soon as poss�ble after the �n�t�al pos�t�ve rap�d test [248]. A 
pos�t�ve HIV ant�body test �n the �nfant �nd�cates maternal 
but not necessar�ly �nfant HIV �nfect�on status (wh�ch 
requ�res v�rolog�c HIV test�ng for d�agnos�s �f age <18 
months). If the confirmatory test on the mother (or infant) 
�s negat�ve, ant�retrov�ral prophylax�s can be d�scont�nued.  

 
 

infant antiretroviral 
prophylaxis

Neonatal Postnatal Care

Panel’s Recommendations:

For infants whose mother’s HIV status 
is unknown postpartum, rapid HIV 
antibody testing of the mother or infant is 
recommended as soon as possible, with 
initiation of infant antiretroviral prophylaxis 
immediately if the rapid test is positive. 

If the rapid HIV antibody test is positive, 
standard antibody confirmatory testing 
(e.g., Western blot) should be performed as 
soon as possible.  If the confirmatory test is 
negative, antiretroviral prophylaxis can be 
discontinued.

•

•

Panel’s Recommendations:

The 6-week neonatal component of 
the ZDV chemoprophylaxis regimen is 
recommended for all HIV-exposed neonates 
to reduce perinatal HIV transmission.

ZDV should be initiated as close to the time 
of birth as possible, preferably within 6 to 12 
hours of delivery. 

The 6-week ZDV prophylaxis regimen 
is recommended at gestational age-
appropriate doses; ZDV should be dosed 
differently for premature infants <35 weeks 
than for infants ≥35 weeks (see text).

The decision to combine additional drugs 
with the 6-week ZDV regimen should 
be accompanied by consultation with a 
pediatric HIV specialist and a discussion 
of the potential risks and benefits of this 
approach with the mother, preferably before 
delivery. 

Use of antiretroviral drugs other than ZDV 
cannot be recommended in premature 
infants due to lack of dosing and safety 
data. 

Some experts consider the use of ZDV in 
combination with other antiretroviral drugs 
in certain situations, although the optimal 
prophylactic regimen for infants born to 
women in these circumstances is unknown. 
These include:

 ○ infants born to mothers who received  
 antepartum and intrapartum drugs  
 but had suboptimal viral suppression at  
 delivery, particularly if vaginal delivery;

 ○ infants born to mothers who have  
 received only intrapartum drugs;

 ○ infants born to mothers who have  
 received no antepartum or intrapartum  
 drugs; and

•

•

•

•

•

•



July 8, 2008

52Recommendations for Use of Antiretroviral Drugs in Pregnant HIV-Infected Women for Maternal Health 
and Interventions to Reduce Perinatal HIV Transmission in the United States

All HIV-exposed �nfants should rece�ve postpartum 
ant�retrov�ral drugs to reduce per�natal HIV transm�ss�on. 
The 6-week neonatal ZDV chemoprophylax�s reg�men 
�s recommended for all HIV-exposed �nfants. Table 5 
shows dos�ng for �ntravenous �ntrapartum ZDV g�ven 
�n cont�nuous �nfus�on dur�ng labor and neonatal ZDV 
dos�ng; Table 6 shows �ntrapartum and neonatal dos�ng for 
add�t�onal drugs to be cons�dered �n certa�n s�tuat�ons as 
del�neated below. 
 
The recommended dose of ZDV for post-exposure 
prophylax�s �n full-term neonates �s 2 mg/kg body we�ght 
orally every 6 hours for the first 6 weeks of life, starting 
at 6 to 8 hours of age (�f g�ven �ntravenously, the dose �s 
1.5 mg/kg body we�ght every 6 hours). However, some 
�nternat�onal stud�es have used an oral �nfant ZDV dose 
of 4 mg/kg body we�ght tw�ce da�ly for prophylax�s [15, 
17-19, 29]. There have been l�m�ted pharmacok�net�c 
stud�es of tw�ce da�ly ZDV �n �nfants. In a study of South 
Afr�can neonates g�ven 4 mg/kg body we�ght of ZDV 
twice daily combined with 3TC for the first week of life, 
serum ZDV exposure was reported to be s�m�lar to that 
ach�eved w�th the standard dose of  2 mg/kg body we�ght 
every 6 hours [255]. L�m�ted data �n HIV-�nfected ch�ldren 
over age 1 year suggest that pharmacok�net�c parameters 
of ZDV g�ven every 12 hours are s�m�lar to ZDV g�ven 

every 8 hours, as currently recommended for treatment 
�n ch�ldren [256]� While there are no definitive data to 
show pharmacok�net�c equ�valence of g�v�ng double the 
standard dose at a longer �nterval and whether such dos�ng 
has equivalent efficacy in reducing perinatal transmission, 
a reg�men of dos�ng tw�ce �nstead of four t�mes da�ly may 
�ncrease adherence to the reg�men and could be cons�dered 
when there are concerns about adherence to drug 
adm�n�strat�on to the �nfant. 
 
Premature �nfants requ�re d�fferent ZDV dos�ng from 
term �nfants. ZDV �s pr�mar�ly cleared through hepat�c 
glucuron�dat�on to an �nact�ve metabol�te; these metabol�c 
enzymes are �mmature �n neonates, lead�ng to prolonged 
ZDV half-l�fe and clearance compared to older �nfants. 
Because premature �nfants have even greater �mmatur�ty 
�n hepat�c metabol�c funct�on than full-term �nfants, 
further prolongat�on of clearance �s seen [257, 258]. The 
recommended ZDV dosage for �nfants <35 weeks gestat�on 
�s 2 mg/kg body we�ght per dose orally every 12 hours (or 
1.5 mg/kg body we�ght �ntravenously per dose every 12 
hours), �ncreas�ng to 2 mg/kg body we�ght per dose every 8 
hours at 2 weeks of age �f ≥30 weeks gestat�on at b�rth or at 
4 weeks of age �f <30 weeks gestat�on at b�rth.

General Considerations for Choice of 
Infant Prophylaxis
In certa�n s�tuat�ons, some experts comb�ne the 6-
week �nfant ZDV prophylax�s reg�men w�th add�t�onal 
ant�retrov�ral drugs. Whether comb�n�ng ZDV w�th other 
antiretroviral drugs provides additional efficacy for 
prevent�on of transm�ss�on has not been proven �n cl�n�cal 
tr�als. Add�t�onally, appropr�ate drug formulat�ons and 
dosing regimens for neonates are incompletely defined 
for many drugs and there are m�n�mal data about the 
safety of comb�nat�on drugs �n the neonate (see Short-
Term Antiretroviral Drug Safety and Choice for 
Neonatal Prophylaxis and the Guidelines for the Use 
of Antiretroviral Agents in Pediatric HIV Infection). 
Therefore, use of comb�nat�on ant�retrov�ral prophylax�s for 
the infant involves complex balancing of potential benefits 
(�n terms of prevent�ng per�natal HIV transm�ss�on) and 

 ○ infants born to mothers with known  
 antiretroviral drug-resistant virus

The use of intrapartum/neonatal ZDV is 
recommended regardless of maternal ZDV 
resistance history  

Decisions regarding use of additional drugs 
will depend on the history of maternal past 
and current antiretroviral drug exposure, 
maternal HIV RNA level at or near delivery, 
current and previous maternal resistance 
testing, and availability of drug formulation 
and dosing information in the infant. If 
additional drugs are used, choice of drugs 
should be determined in consultation with a 
pediatric HIV specialist. 

•

•

http://aidsinfo.nih.gov/contentfiles/PediatricGuidelines.pdf
http://aidsinfo.nih.gov/contentfiles/PediatricGuidelines.pdf
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r�sks (�n terms of tox�c�ty to the �nfant).  

Infants born to mothers who have rece�ved standard 
antepartum and �ntrapartum ant�retrov�ral prophylax�s and 
have undetectable v�ral load are at very low r�sk of HIV 
transm�ss�on. However, the r�sk of transm�ss�on �s �ncreased 
when the mother has h�gh v�ral load at del�very or when 
the mother has not rece�ved the full antepartum and/or 
�ntrapartum prophylax�s reg�men. In such s�tuat�ons, some 
experts feel that the potential benefit of combining ZDV 
�nfant prophylax�s w�th add�t�onal ant�retrov�ral drugs may 
exceed the r�sk of mult�ple drug exposure to the �nfant. 
These s�tuat�ons �nclude:

a. �nfants born to mothers who rece�ved antepartum 
and �ntrapartum ant�retrov�ral drugs but who 
had subopt�mal v�ral suppress�on at del�very, 
part�cularly �f the �nfant was del�vered vag�nally;

b. �nfants born to mothers who have rece�ved only 
�ntrapartum ant�retrov�ral drugs;

c. �nfants born to mothers who have rece�ved no 
antepartum or �ntrapartum ant�retrov�ral drugs; and

d. �nfants born to mothers w�th known ant�retrov�ral-
drug res�stant v�rus.

In each of these s�tuat�ons, there �s a spectrum of 
transm�ss�on r�sk that w�ll depend on a number of maternal 
and �nfant factors (e.g., maternal v�ral load, mode of 
delivery, gestational age at delivery); the risks and benefits 
of �nfant exposure to ant�retrov�ral drugs �n add�t�on to 
ZDV w�ll d�ffer depend�ng on where the mother/ch�ld falls 
�n that r�sk spectrum. For example, an �nfant born vag�nally 
to a mother w�th a del�very HIV RNA level of 100,000 
cop�es/mL has a h�gher r�sk of acqu�r�ng HIV �nfect�on 
than an �nfant born by cesarean del�very to a mother w�th 
a del�very HIV RNA level of 10,000 cop�es/mL. Thus, a 
gener�c recommendat�on regard�ng use of comb�nat�on 
drug reg�mens �n these s�tuat�ons cannot be made and each 
s�tuat�on needs to be cons�dered �nd�v�dually. The data to 
show improved efficacy of combination regimens are not 
ava�lable and the cho�ce of drugs �n the neonate �s l�m�ted 
(see Short-Term Antiretroviral Drug Safety and Choice 
for Neonatal Prophylaxis).  

Ant�retrov�ral comb�nat�ons w�th the greatest exper�ence 
�n neonates are ZDV �n comb�nat�on w�th s�ngle-dose 
NVP and the dual NRTI comb�nat�on of ZDV and 3TC 
comb�ned w�th the NNRTI NVP or the protease �nh�b�tor 
nelfinavir. However, while nelfinavir has had extensive 
use �n ch�ldren, �n September 2007, the U.S. manufacturer, 
Pfizer, sent a letter to providers regarding the presence of 
EMS, a process-related impurity, in Viracept (nelfinavir 
mesylate), the product ava�lable �n the Un�ted States, and 
recommending against starting nelfinavir in pediatric 
pat�ents �n�t�at�ng ant�retrov�ral therapy. As of March 31, 
2008, all Viracept (nelfinavir) manufactured and released 
by Pfizer now meets the new final EMS limits established 
by the FDA for prescr�b�ng to all pat�ent populat�ons, 
�nclud�ng pregnant women and ped�atr�c pat�ents. Thus, 
nelfinavir can now be considered for use in neonatal 
prophylax�s when use of ant�retrov�ral drugs �n add�t�on to 
ZDV �s felt to be �nd�cated. Neonatal dos�ng �nformat�on �s 
not ava�lable for other protease �nh�b�tors, although dos�ng 
for lop�nav�r/r�tonav�r (Kaletra) �s under study. Careful 
�nfant mon�tor�ng �s needed �f comb�nat�on drugs are 
prov�ded (see Infant Monitoring).  

Dec�s�ons to use comb�nat�on �nfant ant�retrov�ral 
prophylax�s should be made �n consultat�on w�th a ped�atr�c 
HIV spec�al�st, preferably before del�very, and should 
be accompan�ed by a d�scuss�on w�th the mother of the 
potential risks and benefits of this approach.  

Infant Antiretroviral Prophylaxis 
Recommendations for Specific Clinical 
Situations 

Infants Born to Mothers Who Received 
Antepartum/Intrapartum Antiretroviral 
Drugs with Effective Viral Suppression

Infants born to women who rece�ved standard ant�retrov�ral 
prophylax�s reg�mens dur�ng pregnancy and labor and had 
undetectable v�ral load at del�very, or born to mothers w�th 
low v�ral load at del�very and del�vered by cesarean sect�on, 
have a very small r�sk of HIV acqu�s�t�on. For example, �n 
PACTG 316, the �nfect�on rate �n �nfants born to women 
rece�v�ng antepartum protease �nh�b�tor-based therapy was 
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0.7% of 269 �nfants �f del�very HIV RNA was <400 cop�es/
mL [9]. Such �nfants should rece�ve the 6-week ZDV �nfant 
prophylaxis regimen. The benefit of combining ZDV with 
add�t�onal ant�retrov�ral drugs �n reduc�ng transm�ss�on �n 
th�s s�tuat�on would be very l�m�ted and th�s comb�nat�on �s 
not recommended. 
 
Infants Born to Mothers Who Have 
Received Antepartum/Intrapartum 
Antiretroviral Drugs but Have Suboptimal 
Viral Suppression near Delivery

The r�sk of per�natal transm�ss�on �s related to maternal 
antepartum v�ral load �n women rece�v�ng ant�retrov�ral 
drugs as well as �n ant�retrov�ral-naïve women [3, 36, 
37]. Scheduled cesarean del�very �s recommended for 
prevent�on of per�natal transm�ss�on for women who have 
rece�ved antepartum ant�retrov�ral drugs but have detectable 
v�rem�a near the t�me of del�very (�.e., HIV RNA >1,000 
cop�es/mL) (see Intrapartum Care and Transmission and 
Mode of Delivery). In PACTG 316, transm�ss�on occurred 
�n 0% of 17 �nfants �f maternal del�very HIV RNA was 
>10,000 cop�es/mL and the �nfant underwent scheduled 
cesarean del�very [9]. However, not all such women w�ll 
undergo cesarean del�very. Infants born to mothers w�th 
h�gher v�ral load near del�very, part�cularly �f del�vered 
vag�nally, w�ll have a greater r�sk of HIV acqu�s�t�on. 
There �s a grad�ent of transm�ss�on r�sk based on HIV RNA 
levels as well as type of maternal ant�retrov�ral therapy; 
�n the Women and Infants Transm�ss�on Study, the r�sk of 
HIV transm�ss�on �n women rece�v�ng tr�ple comb�nat�on 
ant�retrov�ral prophylax�s was <1.8% �n women w�th 
del�very HIV RNA <30,000 cop�es/mL and �ncreased to 
4.8% �n women w�th HIV RNA >30,000 cop�es/mL [3].   

There are no data to address whether a more �ntens�ve 
comb�nat�on �nfant prophylax�s reg�men when the mother 
has detectable v�rem�a near del�very prov�des further 
protect�on aga�nst transm�ss�on, or at what level of 
viremia this risk becomes significant enough to outweigh 
the potent�al r�sks of �nfant comb�nat�on ant�retrov�ral 
exposure.  

All �nfants should rece�ve ZDV for 6 weeks. As d�scussed 

earl�er (see Intrapartum Care), �n the PACTG 316 study, 
the add�t�on of s�ngle-dose NVP d�d not reduce the r�sk of 
transm�ss�on among women who were rece�v�ng pr�mar�ly 
comb�nat�on therapy dur�ng pregnancy; there were no 
significant differences in transmission rates between the 
s�ngle-dose NVP or placebo groups �n any HIV RNA 
subgroup, although only a small proport�on (11%) of 
the women had HIV RNA levels >10,000 cop�es/mL at 
delivery. Given the lack of additional efficacy of single-
dose NVP �n th�s study, and the r�sk of NVP res�stance �n 
the mother (and the �nfant should they become �nfected 
desp�te prophylax�s), add�t�on of maternal/�nfant s�ngle-
dose NVP �s not recommended �n th�s s�tuat�on. Some 
experts would cons�der use of dual or tr�ple ant�retrov�ral 
drug �nfant prophylax�s �n selected c�rcumstances (e.g., 
�nfants born to mothers w�th very h�gh v�ral load near 
del�very who were del�vered vag�nally).    

Infants Born to Mothers Who Received 
Only Intrapartum Antiretroviral Drugs

All �nfants whose mothers have rece�ved only �ntrapartum 
ant�retrov�ral drugs should be g�ven ZDV for 6 weeks. 
The post-exposure prophylax�s prov�ded by the 6-week 
course of �nfant ZDV treatment �s a cr�t�cal component 
of prevent�on when no maternal antepartum ant�retrov�ral 
drugs have been rece�ved. The PETRA study demonstrated 
that �ntrapartum prophylax�s alone, w�thout an �nfant 
post-exposure prophylax�s component, �s not effect�ve �n 
reduc�ng per�natal transm�ss�on [15]� Add�t�onally, a study 
�n Tha�land �nd�cated that when the mother has <4 weeks 
of antenatal ZDV, longer �nfant ZDV prophylax�s (6 weeks 
compared to 3 days) is required for optimal efficacy [24]�� 

As d�scussed �n the Intrapartum Care sect�on, �n th�s 
s�tuat�on, some experts would add maternal/�nfant s�ngle-
dose NVP to the standard �ntravenous �ntrapartum/6-week 
�nfant ZDV reg�men. Th�s s�tuat�on d�ffers from that 
stud�ed �n PACTG 316, as �n th�s c�rcumstance, the mother 
has rece�ved no antepartum ant�retrov�ral drugs. NVP 
res�stance can occur �n �nfants exposed to s�ngle-dose NVP 
who become �nfected desp�te prophylax�s; the add�t�on of 
1 week of 3TC to the 6-week �nfant ZDV reg�men may 
reduce the development of NVP res�stance �n such �nfants, 
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s�m�lar to what �s recommended for women rece�v�ng 
s�ngle-dose NVP (see Intrapartum Care and Resistance) 
[203, 204]. However, wh�le all HIV-�nfected mothers 
exposed to s�ngle-dose NVP are at r�sk of res�stance, only 
a small proport�on of �nfants exposed to s�ngle-dose NVP 
become infected and would benefit from the addition of 
3TC. Comb�nat�on ZDV/3TC may be assoc�ated w�th 
more severe hematolog�c tox�c�ty than ZDV alone (see 
Short-Term Antiretroviral Drug Safety and Choice 
for Neonatal Prophylaxis and see Table 6 for dos�ng 
�nformat�on), and more frequent hematolog�c mon�tor�ng 
of �nfants rece�v�ng th�s comb�nat�on �s recommended, 
part�cularly �f g�ven for more than 1 week.   

Although controvers�al, other experts m�ght cons�der use 
of dual or tr�ple ant�retrov�ral drug �nfant prophylax�s for 
6 weeks �n th�s s�tuat�on, as maternal v�ral load at del�very 
w�ll not be known and no antenatal therapy has been 
rece�ved.

Infants born to Mothers Who Did Not 
Receive Antepartum or Intrapartum 
Antiretroviral Drugs

Infants of HIV-�nfected mothers who have rece�ved ne�ther 
antepartum nor �ntrapartum ant�retrov�ral drugs should 
be started on prophylact�c ZDV as soon as poss�ble after 
del�very. Observat�onal stud�es suggest that post-exposure 
prophylax�s to the �nfant alone may be helpful �n prevent�ng 
HIV transm�ss�on. Ep�dem�olog�c data from a New York 
State study �nd�cate a decl�ne �n transm�ss�on when �nfants 
were given ZDV for the first 6 weeks of life compared with 
no prophylax�s [16]� Transm�ss�on rates were 9% (95% CI 
= 4.1% – 17.5%) w�th ZDV prophylax�s of newborns only 
(�n�t�ated w�th�n 48 hours after b�rth) versus 27% (95% CI 
= 21% – 33%) w�th no ZDV prophylax�s. For most �nfants 
�n th�s study, prophylax�s was �n�t�ated w�th�n 24 hours 
[259]. Thus, when no maternal antepartum or �ntrapartum 
ant�retrov�ral drugs have been rece�ved, the 6-week �nfant 
ZDV prophylax�s reg�men should be �n�t�ated as soon as 
poss�ble after b�rth. 
 
The �nterval dur�ng wh�ch post-exposure prophylax�s 
can be initiated and still be of benefit is undefined. When 

prophylax�s was delayed beyond 48 hours after b�rth �n the 
New York State study, no efficacy could be demonstrated. 
Data from stud�es of an�mals �nd�cate that the longer the 
delay �n �nst�tut�on of prophylax�s, the less l�kely that 
�nfect�on w�ll be prevented. In most stud�es of an�mals, 
ant�retrov�ral prophylax�s �n�t�ated 24 to 36 hours after 
exposure has usually not been effect�ve for prevent�ng 
�nfect�on, although later adm�n�strat�on has been assoc�ated 
w�th decreased v�rem�a [260-262]. In�t�at�on of post-
exposure prophylax�s after 2 days of age �s not l�kely to 
be efficacious in preventing transmission, and by age 14 
days, �nfect�on would already be establ�shed �n most �nfants 
[263].

Some cl�n�c�ans v�ew th�s s�tuat�on as analogous to 
nosocom�al post-exposure prophylax�s [264] and may 
w�sh to prov�de ZDV �n comb�nat�on w�th one or more 
other ant�retrov�ral agents. However, there are no cl�n�cal 
trial data to demonstrate increased efficacy of combination 
ant�retrov�ral drugs w�th 6-week ZDV for �nfant-only post-
exposure prophylax�s �n nonbreastfeed�ng populat�ons, 
although there �s an ongo�ng cl�n�cal tr�al �n the Un�ted 
States, South Amer�ca, and South Afr�ca.  

Data are not ava�lable to demonstrate that 6 weeks of 
�nfant ZDV comb�ned w�th �nfant s�ngle-dose NVP at b�rth 
�s super�or to 6 weeks of ZDV alone. A cl�n�cal tr�al of 
�nfant post-exposure prophylax�s �n breastfeed�ng �nfants 
�n Malaw� (see International Antiretroviral Prophylaxis 
Clinical Trials and Table 1) showed that the add�t�on of 
1 week of ZDV to s�ngle-dose �nfant NVP was 36% more 
effect�ve �n reduc�ng per�natal transm�ss�on compared to 
s�ngle-dose �nfant NVP alone [18]. Although th�s s�tuat�on 
�s not analogous to add�ng NVP to 6 weeks of ZDV, 
part�cularly �n formula-fed �nfants, some experts would 
prov�de s�ngle-dose NVP at b�rth to the �nfant �n th�s 
s�tuat�on w�th the add�t�on of 1 week of 3TC to reduce the 
r�sk of NVP res�stance should the �nfant become �nfected 
(see Table 6 for dos�ng �nformat�on).  

Although controvers�al, other experts m�ght cons�der use of 
tr�ple drug comb�nat�on therapy �n the �nfant for the 6-week 
prophylax�s per�od, s�m�lar to occupat�onal post-exposure 
prophylax�s.
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Infants Born to Mothers with 
Antiretroviral Drug Resistant Virus

The opt�mal prophylact�c reg�men for newborns of women 
w�th ant�retrov�ral drug res�stant v�rus �s unknown. 
Ant�retrov�ral prophylax�s for an �nfant born to a woman 
w�th known or suspected drug res�stance should be 
determ�ned �n consultat�on w�th a ped�atr�c HIV spec�al�st, 
preferably before del�very.  
Data from the WITS suggest that �n women who have 
m�xed ZDV-res�stant and ZDV-sens�t�ve v�ral populat�ons, 
the ZDV-sens�t�ve rather than -res�stant v�rus may 
be preferent�ally transm�tted [182, 265] (see Drug 
Resistance). Thus, the 6-week �nfant ZDV prophylax�s 
(along w�th maternal �ntravenous �ntrapartum ZDV 
prophylax�s) cont�nues to be recommended even when 
maternal ZDV-resistant virus is identified.  

There have been some stud�es suggest�ng that ant�retrov�ral 
drug res�stant v�rus may have decreased repl�cat�on 
capac�ty and transm�ss�b�l�ty [265]. However, transm�ss�on 
of mult�-drug res�stant v�rus from mother to ch�ld has been 
reported [266-268].  

The use of ZDV �n comb�nat�on w�th other ant�retrov�ral 
drugs selected on the bas�s of maternal v�rus res�stance 
testing may be considered for these newborns. The efficacy 
of th�s approach for prevent�on of transm�ss�on has not been 
proven �n cl�n�cal tr�als, and appropr�ate dos�ng reg�mens 
for neonates are incompletely defined for many drugs. 
Dec�s�ons regard�ng use of add�t�onal drugs w�ll depend on 
the h�story of maternal past and current ant�retrov�ral drug 
exposure, HIV RNA level at or near del�very, current and 
prev�ous maternal res�stance test�ng, and ava�lab�l�ty of 
drug formulat�on and dos�ng �nformat�on �n the �nfant.  

Short-Term Antiretroviral Drug 
Safety and Choice for Neonatal 
Prophylaxis
Short-term tox�c�ty of �nfant ZDV prophylax�s has been 
m�n�mal, cons�st�ng pr�mar�ly of trans�ent hematolog�c 
tox�c�ty, ma�nly anem�a, wh�ch generally resolves by age 12 
weeks. Data on the tox�c�ty of mult�ple ant�retrov�ral drug 

exposure for the �nfant are l�m�ted. 

The latest �nformat�on on neonatal dos�ng for ant�retrov�ral 
drugs can be found �n the Guidelines for the Use of 
Antiretroviral Agents in Pediatric HIV Infection. Other 
than ZDV, the NRTI w�th the most exper�ence �n use for 
neonatal prophylax�s �s 3TC, although neonatal exposure 
to comb�nat�on ZDV/3TC has generally been l�m�ted 
to 1 week [15, 17, 269]. S�x weeks of �nfant ZDV/3TC 
exposure has been reported �n a few stud�es; these stud�es 
suggest that hematolog�c tox�c�ty may be �ncreased over 
that seen w�th ZDV alone, although the �nfants also had 
in utero exposure to maternal comb�nat�on therapy. In a 
French study where 6 weeks of ZDV/3TC was prov�ded 
for �nfant prophylax�s �n �nfants who were also exposed to 
antepartum ZDV/3TC, more severe anem�a and neutropen�a 
were observed than �n a h�stor�cal cohort exposed only to 
ZDV; anem�a was observed �n 15% and neutropen�a �n 
18% of �nfants exposed to ZDV/3TC, w�th 2% of �nfants 
requ�r�ng blood transfus�on and 4% requ�r�ng treatment 
d�scont�nuat�on for tox�c�ty [8]. S�m�larly, �n a Braz�l�an 
study us�ng maternal antepartum and 6-week �nfant 
ZDV/3TC prophylax�s, neonatal hematolog�c tox�c�ty 
was common, w�th anem�a seen �n 69% and neutropen�a 
�n 13% of �nfants [270]. In a Phase I study of d4T �n 
pregnant women, �nfants rece�ved 6 weeks of ZDV/3TC 
and a s�ngle dose of d4T at age 1 and 6 weeks; 43% of 
14 �nfants exper�enced grade 3 hematolog�c tox�c�ty after 
b�rth (36% neutropen�a and 7% anem�a) [271]. F�nally, 
�n 3 Phase I stud�es of protease �nh�b�tors (saqu�nav�r/
ritonavir, indinavir, or nelfinavir) in pregnancy, a total of 
52 �nfants rece�ved 6 weeks of ZDV/3TC (�n 26 �nfants, 
ZDV/3TC was combined with nelfinavir); grade 2 or 
h�gher hematolog�c tox�c�ty was observed �n 46% to 62% 
of �nfants [272-274]� Exper�ence w�th other NRTI drugs 
for neonatal prophylax�s �s more l�m�ted [275, 276]. 
Hematolog�c and m�tochondr�al tox�c�ty may be more 
common w�th exposure to mult�ple versus s�ngle NRTI 
drugs [8, 131, 142, 277, 278].  

NVP �s the only NNRTI drug w�th a ped�atr�c drug 
formulat�on and neonatal dos�ng �nformat�on (see 
Guidelines for the Use of Antiretroviral Agents in 
Pediatric HIV Infection). Chron�c, mult�ple-dose NVP 

http://aidsinfo.nih.gov/contentfiles/PediatricGuidelines.pdf
http://aidsinfo.nih.gov/contentfiles/PediatricGuidelines.pdf
http://aidsinfo.nih.gov/contentfiles/PediatricGuidelines.pdf
http://aidsinfo.nih.gov/contentfiles/PediatricGuidelines.pdf
http://aidsinfo.nih.gov/contentfiles/PediatricGuidelines.pdf
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can be rarely assoc�ated w�th severe and potent�ally l�fe-
threaten�ng rash and hepat�c tox�c�ty. These tox�c�t�es have 
not been observed �n �nfants rece�v�ng s�ngle-dose NVP. 
However, NVP drug res�stance may occur w�th exposure 
to s�ngle-dose NVP should the �nfant become �nfected 
desp�te prophylax�s (see Resistance). If mult�ple-dose da�ly 
NVP �s used as part of a comb�nat�on �nfant prophylax�s 
regimen, some experts would stop NVP first and continue 
the other drugs for a per�od of t�me (e.g., 1 to 2 weeks); 
th�s �s because the prolonged half-l�fe of NVP �n �nfants 
results �n a per�od of funct�onal NVP monotherapy �f all 
drugs are stopped s�multaneously, result�ng �n a r�sk of 
NVP res�stance should the �nfant become �nfected desp�te 
prophylax�s. Ant�retrov�ral drug res�stance test�ng �s 
recommended pr�or to �n�t�at�on of ant�retrov�ral therapy 
�n all HIV-�nfected �nfants (see Guidelines for the Use of 
Antiretroviral Agents in Pediatric HIV Infection).

Of the protease inhibitors, nelfinavir, lopinavir/ritonavir, 
r�tonav�r, and fosamprenav�r have ped�atr�c drug 
formulat�ons, but dos�ng �nformat�on for newborn �nfants 
is available only for nelfinavir, which has highly variable 
levels �n neonates and requ�res h�gh doses (more than 45 
mg/kg body we�ght tw�ce da�ly and poss�bly as h�gh as 75 
mg/kg body we�ght tw�ce da�ly) to ach�eve target levels 
(see Guidelines for the Use of Antiretroviral Agents in 
Pediatric HIV Infection) [274, 276].   

Dos�ng for premature �nfants �s only ava�lable for ZDV 
(see Table 5), mak�ng use of add�t�onal ant�retrov�ral 
drugs more problemat�c �n th�s group; renal and hepat�c 
metabol�sm �s �mmature �n preterm �nfants, wh�ch �ncreases 
the r�sk of overdos�ng and tox�c�ty. Add�t�onally, ZDV 
�s the only ant�retrov�ral drug ava�lable �n �ntravenous 
formulat�on. Therefore, the 6-week ZDV prophylax�s 
reg�men �s recommended for preterm �nfants at gestat�onal 
age-appropr�ate doses, and use of ant�retrov�ral drugs other 
than ZDV cannot be recommended �n premature �nfants 
due to lack of dos�ng and safety data. 

  

Initial Postnatal Management of the 
HIV-Exposed Neonate 

Panel’s Recommendations:

A complete blood count (CBC) and 
differential should be performed on the 
newborn as a baseline evaluation before 
administration of ZDV.  

Decisions about the timing of subsequent 
monitoring of the hematologic parameters 
in the infant will depend on baseline 
hematologic values, gestational age at 
birth, clinical condition of the child, receipt 
of concomitant medications, and maternal 
antepartum therapy. Some experts re-
check hematologic values in healthy infants 
receiving ZDV prophylaxis only if the child 
is symptomatic, while others re-check 
hemoglobin and neutrophil count after 4 to 
6 weeks of ZDV treatment.

Some experts recommend more intensive 
monitoring of hematologic and serum 
chemistry and liver function assays during 
the first few weeks of life for infants 
exposed to combination antiretroviral 
therapy in utero or during the neonatal 
period.

If hematologic abnormalities are identified 
while the child is receiving prophylaxis, 
decisions on whether to continue infant 
antiretroviral prophylaxis need to be 
individualized. Considerations include 
the extent of the abnormality, whether 
the child has any symptoms, duration of 
infant prophylaxis received, the risk of 
HIV infection in the infant (as assessed 
by whether the mother had received 
antiretroviral prophylaxis, her viral load 
near delivery and mode of delivery), and 
availability of alternative interventions (e.g., 
erythropoietin or transfusion). Consultation 
with an expert in pediatric HIV infection is 
advised if discontinuation of prophylaxis is 
considered. 

Routine measurement of serum lactate is 
not recommended. However, measurement 

•

•

•

•

•

http://aidsinfo.nih.gov/contentfiles/PediatricGuidelines.pdf
http://aidsinfo.nih.gov/contentfiles/PediatricGuidelines.pdf
http://aidsinfo.nih.gov/contentfiles/PediatricGuidelines.pdf
http://aidsinfo.nih.gov/contentfiles/PediatricGuidelines.pdf
http://aidsinfo.nih.gov/contentfiles/PediatricGuidelines.pdf


July 8, 2008

58Recommendations for Use of Antiretroviral Drugs in Pregnant HIV-Infected Women for Maternal Health 
and Interventions to Reduce Perinatal HIV Transmission in the United States

 
A CBC and d�fferent�al should be performed on the 
newborn as a basel�ne evaluat�on before adm�n�strat�on of 
ZDV. Anem�a has been the pr�mary compl�cat�on of the 6-
week ZDV reg�men �n the neonate. In PACTG 076, �nfants 
�n the ZDV group had lower hemoglob�n at b�rth than 
�nfants �n the placebo group, w�th the max�mal d�fference 
(1 gm/dL) occurr�ng at age 3 weeks [4]. The lowest mean 
value for hemoglob�n (10 gm/dL) occurred at 6 weeks of 
age �n the ZDV group. By 12 weeks of age, hemoglob�n 
values in both groups were similar. No significant 
d�fferences �n other laboratory parameters were observed 
between groups.

Dec�s�ons about the t�m�ng of subsequent hematolog�c 
mon�tor�ng of �nfants follow�ng b�rth w�ll depend on 
a number of factors, �nclud�ng basel�ne hematolog�c 
values, gestat�onal age at b�rth, cl�n�cal cond�t�on of the 
ch�ld, rece�pt of concom�tant med�cat�ons, and maternal 
antepartum therapy. Some experts re-check hematolog�c 
values �n healthy �nfants rece�v�ng ZDV prophylax�s only �f 

the ch�ld �s symptomat�c, wh�le others re-check hemoglob�n 
and neutroph�l count after 4 weeks of ZDV treatment. 

If hematolog�c abnormal�t�es are found, dec�s�ons on 
whether to cont�nue �nfant ant�retrov�ral prophylax�s need 
to be �nd�v�dual�zed. Some of the cons�derat�ons �nclude 
the extent of the abnormal�ty, whether the ch�ld has any 
symptoms, durat�on of �nfant prophylax�s rece�ved, the 
r�sk of HIV �nfect�on �n the �nfant (as assessed by whether 
the mother had rece�ved ant�retrov�ral prophylax�s, her 
v�ral load near del�very, and mode of del�very), and 
ava�lab�l�ty of alternat�ve �ntervent�ons (e.g., erythropo�et�n, 
transfus�on). Consultat�on w�th an expert �n ped�atr�c HIV 
�nfect�on �s adv�sed �f d�scont�nuat�on of prophylax�s �s 
cons�dered.  

Data are l�m�ted concern�ng potent�al tox�c�t�es �n �nfants 
whose mothers have rece�ved comb�nat�on ant�retrov�ral 
therapy or when the �nfant rece�ves more than ZDV 
prophylax�s.  

Some stud�es suggest a h�gher �nc�dence of anem�a and/or 
neutropen�a �n �nfants who rece�ve ZDV prophylax�s but 
are born to mothers who rece�ved comb�nat�on therapy 
compared to those born to mothers who rece�ved only ZDV 
dur�ng pregnancy [278-280]� In PACTG 316, where 77% of 
mothers received antenatal combination therapy, significant 
grade 3 or h�gher anem�a was seen �n 13% and neutropen�a 
�n 12% of �nfants. Add�t�onally, as d�scussed earl�er, h�gher 
rates of hematolog�c tox�c�ty have been observed �n �nfants 
rece�v�ng ZDV/3TC comb�nat�on prophylax�s than those 
rece�v�ng ZDV alone.

Thus, more �ntens�ve mon�tor�ng of hematolog�c values 
and serum chem�stry and l�ver funct�on assays dur�ng the 
first few weeks of life is advised for these infants, based 
on what �s known about the s�de effects of the drugs. For 
example, s�nce hepat�c tox�c�ty �s observed w�th most of 
the ant�retrov�ral drugs, measurement of basel�ne l�ver 
transam�nase levels �n �nfants w�th exposure to mult�ple 
ant�retrov�ral drugs in utero or rece�v�ng �nfant comb�nat�on 
drug prophylax�s m�ght be cons�dered. Hematolog�c 
toxicity appears to be more significant in infants who 
rece�ve both ZDV and 3TC as �nfant prophylax�s for 6 
weeks and who were exposed to antepartum ZDV/3TC; 

of serum lactate may be considered if an 
infant develops severe clinical symptoms 
of unknown etiology (particularly neurologic 
symptoms). If serum lactate is significantly 
abnormal (>5 mmol/L) in a child with 
symptoms, antiretroviral prophylaxis should 
be discontinued and an expert in pediatric 
HIV infection should be consulted regarding 
potential alternate prophylaxis.

Virologic tests are required to diagnose HIV 
infection in infants <18 months of age and 
should be performed at age 14 to 21 days; 
1 to 2 months; and 4 to 6 months.

To prevent PCP, all infants born to 
women with HIV infection should begin 
PCP prophylaxis at age 6 weeks, after 
completion of the ZDV prophylaxis 
regimen, unless there is adequate test 
information to presumptively exclude HIV 
infection (see USPHS/IDSA Guidelines 
for the Prevention and Treatment of 
Opportunistic Infections in HIV-Exposed 
and Infected Children).

•

•
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more frequent mon�tor�ng of hematolog�c values �n these 
�nfants versus �n �nfants who rece�ve only ZDV prophylax�s 
m�ght be cons�dered [8].  
 
Although hyperlactatem�a has been reported �n �nfants 
w�th in utero ant�retrov�ral exposure, th�s appears 
trans�ent and �n most cases asymptomat�c [281, 282]� 
Rout�ne measurement of serum lactate �n asymptomat�c 
neonates to assess for potent�al m�tochondr�al tox�c�ty �s 
not recommended as the cl�n�cal relevance �s unknown 
and pred�ct�ve value for tox�c�ty appears poor [281, 
282]. However, should an �nfant develop severe cl�n�cal 
symptoms of unknown et�ology, part�cularly neurolog�c 
symptoms, obta�n�ng serum lactate should be cons�dered. 
If serum lactate is significantly abnormal in a child with 
symptoms, an expert �n ped�atr�c HIV �nfect�on should 
be consulted regard�ng potent�al d�scont�nuat�on of 
prophylax�s.

To prevent PCP, all �nfants born to women w�th HIV 
�nfect�on should beg�n tr�methopr�m-sulfamethoxazole 
prophylax�s at age 6 weeks, after complet�on of the ZDV 
prophylax�s reg�men, unless there �s adequate v�rolog�c 
test �nformat�on to presumpt�vely exclude HIV �nfect�on 
(see USPHS/IDSA Guidelines for the Prevention and 
Treatment of Opportunistic Infections in HIV-Exposed 
and Infected Children).  

HIV �nfect�on �n �nfants should be d�agnosed us�ng HIV 
DNA PCR or RNA v�rolog�c assays. Maternal HIV 
ant�body crosses the placenta and w�ll be detectable �n all 
HIV-exposed �nfants up to 18 months of age and should 
not be used for HIV d�agnos�s �n newborns. HIV v�rolog�c 
test�ng should be performed at age 14 to 21 days; 1 to 2 
months; and 4 to 6 months [5]. Some experts also perform 
a v�rolog�c test at b�rth, espec�ally �f the woman has not 
had good v�rolog�c control dur�ng pregnancy, or �f adequate 
follow-up of the �nfant may not be assured. A pos�t�ve HIV 
virologic test should be confirmed as soon as possible with 
a second HIV v�rolog�c test on a d�fferent spec�men. Two 
pos�t�ve HIV tests const�tute a d�agnos�s of HIV �nfect�on. 
Data do not �nd�cate any delay �n HIV d�agnos�s �n �nfants 
who have rece�ved the ZDV reg�men [4, 283]�� However, 
the effect of comb�nat�on ant�retrov�ral therapy �n the 

mother or newborn on the sens�t�v�ty of �nfant v�rolog�c 
d�agnost�c test�ng �s unknown. HIV may be presumpt�vely 
excluded with two or more negative tests with one at ≥14 
days and another at ≥1 month of age. Definitive exclusion 
of HIV �n non-breastfed �nfants may be based on two 
negative virologic tests at ≥1 month and ≥4 months of 
age. Many experts confirm HIV negative status with an 
HIV ant�body test at age 12 to 18 months. (Alternat�ve 
algorithms exist for presumptive and definitive HIV 
exclus�on [5].) 

Follow�ng b�rth, HIV-exposed �nfants should have a 
deta�led phys�cal exam�nat�on and a thorough maternal 
h�story obta�ned. The HIV-�nfected mother may be 
co�nfected w�th other pathogens that can be transm�tted 
from mother to ch�ld, such as cytomegalov�rus, herpes 
s�mplex v�rus, hepat�t�s B, hepat�t�s C, syph�l�s, 
toxoplasmos�s, or tuberculos�s; �nfants born to mothers w�th 
such co�nfect�ons should undergo appropr�ate evaluat�on 
to rule out transm�ss�on of add�t�onal �nfect�ous agents. 
HIV-exposed �nfants born to HIV-�nfected mothers should 
follow the rout�ne pr�mary �mmun�zat�on schedule. Infants 
with known HIV infection may require modifications in 
the schedule for l�ve v�rus vacc�nes (see USPHS/IDSA 
Guidelines for the Prevention and Treatment of 
Opportunistic Infections in HIV-Exposed and Infected 
Children). 

Long-Term Follow-Up of 
Antiretroviral Drug-Exposed Infants

 
 
 

Panel’s Recommendations:

Children with in utero/neonatal antiretroviral 
exposure who develop significant organ 
system abnormalities of unknown etiology, 
particularly of the nervous system or 
heart, should be evaluated for potential 
mitochondrial dysfunction. 

Follow-up of children with antiretroviral 
exposure should continue into adulthood 
because of the theoretical concerns 
regarding potential for carcinogenicity of the 

•

•
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Data remain insufficient to address the effect that exposure 
to ZDV or other ant�retrov�ral agents in utero m�ght have 
on long-term r�sk for neoplas�a or organ system tox�c�t�es 
�n ch�ldren. Data from follow-up of PACTG 076 �nfants 
through age 6 years do not �nd�cate any d�fferences 
�n �mmunolog�c, neurolog�c, and growth parameters 
between �nfants who were exposed to the ZDV reg�men 
and those who rece�ved placebo, and no mal�gnanc�es 
have been seen [285-287]. As d�scussed earl�er �n the 
sect�on on Mitochondrial Toxicity and NRTI Drugs, 
there are conflicting data regarding whether mitochondrial 
dysfunct�on �s assoc�ated w�th per�natal ant�retrov�ral 
exposure. M�tochondr�al dysfunct�on should be cons�dered 
�n un�nfected ch�ldren w�th per�natal ant�retrov�ral exposure 
who present with severe clinical findings of unknown 
etiology, particularly neurologic findings.   

Cont�nued evaluat�on of early and late effects of in 
utero ant�retrov�ral exposure �s ongo�ng through several 
mechan�sms, �nclud�ng the Ped�atr�c HIV/AIDS Cohort 
Study (PHACS), Surve�llance Mon�tor�ng of Ant�retrov�ral 
Tox�c�ty study, natural h�story stud�es, and HIV/AIDS 
surve�llance conducted by state health departments and 
CDC. Because most of the ava�lable follow-up data relate 
to in utero exposure to antenatal ZDV alone and most 
pregnant women w�th HIV �nfect�on currently rece�ve 
comb�nat�on therapy, �t �s cr�t�cal that stud�es to evaluate 
potent�al adverse effects of in utero drug exposure cont�nue 
to be supported. 

Innovat�ve methods are needed to prov�de follow-up of 
�nfants w�th in utero exposure to ant�retrov�ral drugs. 
Informat�on regard�ng such exposure should be part of the 
ongo�ng permanent med�cal record of the ch�ld, part�cularly 
for un�nfected ch�ldren. Ch�ldren w�th in utero ant�retrov�ral 

exposure who develop significant organ system 
abnormal�t�es of unknown et�ology, part�cularly of the 
nervous system or heart, should be evaluated for potent�al 
m�tochondr�al dysfunct�on [128, 129, 288]� Follow-up of 
ch�ldren w�th ant�retrov�ral exposure should cont�nue �nto 
adulthood because of the theoret�cal concerns regard�ng 
potent�al for carc�nogen�c�ty of the nucleos�de analogue 
ant�retrov�ral drugs. Long-term follow-up should �nclude 
yearly phys�cal exam�nat�ons of all ch�ldren exposed to 
ant�retrov�ral drugs.  

HIV surve�llance databases from states that requ�re HIV 
report�ng prov�de an opportun�ty to collect populat�on-
based �nformat�on concern�ng in utero ant�retrov�ral 
exposure. To the extent perm�tted by federal law and 
regulations, data from these confidential registries can be 
used to compare w�th �nformat�on from b�rth defect and 
cancer reg�str�es to �dent�fy potent�al adverse outcomes.

nucleoside analogue antiretroviral drugs.

Long-term follow-up should include yearly 
physical examinations of all children 
exposed to antiretroviral drugs and, for 
adolescent females, gynecologic evaluation 
with Pap tests. 

•
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The follow�ng cl�n�cal research needs are relevant to 
the Un�ted States and other developed countr�es. Study 
findings continue to evolve rapidly, and research needs 
and cl�n�cal pract�ce w�ll requ�re cont�nued reassessment 
over t�me. The current gu�del�nes do not attempt to address 
the complex research needs or ant�retrov�ral prophylax�s 
recommendat�ons for resource-l�m�ted �nternat�onal 
sett�ngs.

evaluation of 
drug safety and 
pharmacokinetics
Many pregnant women w�th HIV �nfect�on �n the Un�ted 
States are rece�v�ng comb�nat�on ant�retrov�ral therapy for 
the�r own health care along w�th standard ZDV prophylax�s 
to reduce per�natal HIV transm�ss�on. Add�t�onally, 
data �nd�cate that antenatal use of potent ant�retrov�ral 
comb�nat�ons capable of reduc�ng plasma HIV RNA copy 
number to very low or undetectable levels near the t�me 
of del�very may lower the r�sk of per�natal transm�ss�on to 
< 2% [3, 12]� Wh�le the number of ant�retrov�ral agents 
and comb�nat�on reg�mens used for treatment of �nfected 
persons �s �ncreas�ng rap�dly, the number of drugs evaluated 
�n pregnant women rema�ns l�m�ted. 

Precl�n�cal evaluat�ons of ant�retrov�ral drugs for potent�al 
pregnancy- and fetal-related tox�c�t�es need to be completed 
for all ex�st�ng and new ant�retrov�ral drugs. More data 
are needed regard�ng the safety and pharmacok�net�cs of 
ant�retrov�ral drugs �n pregnant women and the�r neonates, 
part�cularly when used �n comb�nat�on reg�mens. Further 
research �s also needed on whether the effects of �ntens�ve 
comb�nat�on treatment on v�ral load d�ffer �n var�ous body 
compartments, such as plasma and gen�tal tract secret�ons, 
and how th�s may relate to r�sk of per�natal transm�ss�on. 

Cont�nued careful assessment for potent�al short- and 
long-term consequences of ant�retrov�ral drug use dur�ng 
pregnancy for both the woman and her ch�ld �s �mportant. 
Consequences of part�cular concern �nclude m�tochondr�al 

dysfunct�on; hepat�c, hematolog�c, and other potent�al 
end-organ tox�c�t�es; development of ant�retrov�ral drug 
res�stance; and adverse effects on pregnancy outcome. 
Because the late consequences of in utero ant�retrov�ral 
exposure for the ch�ld are unknown, �nnovat�ve methods 
need to be developed to detect poss�ble rare late tox�c�t�es 
of trans�ent per�natal ant�retrov�ral drug exposure that may 
not be observed unt�l later �n ch�ldhood or �n adolescence or 
adulthood.

optimizing neonatal 
regimens for perinatal 
prophylaxis
 
Several studies have demonstrated the efficacy of postnatal 
therapy to the newborn when the mother d�d not rece�ve 
antenatal or �ntrapartum treatment. A 6-week course of 
ZDV, as well as s�ngle-dose NVP and s�ngle-dose NVP 
�n comb�nat�on w�th 1 week of ZDV g�ven to the �nfant 
soon after b�rth, can result �n a reduced r�sk of �nfect�on. 
Further research �s needed to �dent�fy the opt�mal reg�men 
for prevent�ng �nfect�on �n �nfants born to women who d�d 
not rece�ve ant�retrov�ral treatment dur�ng pregnancy or 
del�very. More potent reg�mens w�th two- and three-drug 
comb�nat�ons may further reduce transm�ss�on r�sk. The 
efficacy of more potent prophylactic neonatal antiretroviral 
reg�mens, as well as the�r short- and long-term tox�c�t�es, 
requ�res further study.

assessment of drug 
resistance
 
The r�sk of emerg�ng drug res�stance dur�ng pregnancy 
or the postpartum per�od requ�res further study. The 
adm�n�strat�on of ZDV as a s�ngle drug for prophylax�s of 
transm�ss�on may �ncrease the �nc�dence of ZDV res�stance 
mutat�ons �n women w�th v�ral repl�cat�on that �s not 
max�mally suppressed. Adm�n�strat�on of drugs such as 
NVP and 3TC (for wh�ch a s�ngle po�nt mutat�on can confer 
genotyp�c res�stance) to pregnant women w�th �nadequate 

Clinical Research Needs
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v�ral suppress�on may result �n the development of v�rus 
w�th genotyp�c drug res�stance �n a substant�al proport�on 
of women [163, 170]. The cl�n�cal consequences of 
emergence of genotyp�c res�stance dur�ng pregnancy or �n 
the postpartum per�od w�th respect to r�sk of transm�ss�on 
of res�stant v�rus and future treatment opt�ons requ�re 
further assessment�   

stopping 
antiretroviral therapy 
 
When stopp�ng ant�retrov�ral therapy, current 
recommendat�ons suggest d�scont�nu�ng all ant�retrov�ral 
drugs s�multaneously to avo�d the development of 
drug resistance. However, if the drugs have significant 
d�fferences �n half-l�fe, such a strategy may result �n 
funct�onal monotherapy for a per�od of t�me; �f there �s 
act�vely repl�cat�ng v�rus, th�s could lead to development 
of res�stance. Th�s �ssue �s a part�cular concern w�th the 
NNRTI class of drugs, both because of the�r long half-
l�ves and low genet�c barr�er to res�stance. Th�s has 
cl�n�cal relevance �n pregnancy, as women may �nterrupt 
ongo�ng therapy �n early pregnancy because of nausea 
and vomiting or concerns about first trimester fetal 
exposure. Add�t�onally, many pregnant women may not 
yet meet cr�ter�a for maternal treatment and are prescr�bed 
comb�nat�on ant�retrov�ral therapy solely for prophylax�s 
aga�nst per�natal transm�ss�on. In th�s s�tuat�on, therapy �s 
rout�nely stopped after del�very.  

Recent data indicate that there may be significant plasma 
levels of NVP or efav�renz for prolonged per�ods of t�me 
(more than 2 weeks) after stopp�ng chron�c therapy, as 
well as after rece�pt of s�ngle-dose NVP [289, 290]� NVP 
resistance mutations have been identified postpartum in 
women who have rece�ved s�ngle-dose �ntrapartum NVP 
prophylax�s, as well as �n women who have stopped NVP-
conta�n�ng comb�nat�on reg�mens taken dur�ng pregnancy 
for prevent�on of mother-to-ch�ld transm�ss�on [170, 174]�� 
In the latter study, NVP res�stance was seen �n 16% of 
women desp�te staggered stopp�ng of the ant�retrov�ral 
drugs (�n wh�ch the nucleos�de backbone was cont�nued 
for 5 days after stopp�ng NVP) [174]� Prel�m�nary data 

from a South Afr�can study suggest that adm�n�strat�on 
of s�ngle-dose NVP comb�ned w�th ZDV/3TC g�ven 
�ntrapartum and for 3 or 7 days postpartum may reduce, 
although not el�m�nate, the development of res�stance 
compared w�th adm�n�strat�on of s�ngle-dose NVP alone 
[291]� Further research �s needed to assess appropr�ate 
strateg�es for stopp�ng NVP and other NNRTI-conta�n�ng 
comb�nat�on reg�mens that are used dur�ng pregnancy for 
prevent�on of mother-to-ch�ld transm�ss�on, and to prevent 
development of res�stance after rece�pt of s�ngle-dose NVP 
for prevent�on of �ntrapartum transm�ss�on. Add�t�onally, 
research �s needed to evaluate the effect of trans�ent NVP 
res�stance on later treatment opt�ons. 

optimizing adherence
 
The complex�ty of comb�nat�on ant�retrov�ral reg�mens and 
prophylax�s aga�nst opportun�st�c �nfect�ons often leads to 
poor adherence among HIV-�nfected persons. Innovat�ve 
approaches are needed to �mprove adherence �n women 
w�th HIV �nfect�on dur�ng and follow�ng pregnancy and to 
ensure that �nfants rece�ve ZDV prophylax�s.

role of cesarean 
delivery among women 
with undetectable 
viral load or with 
short duration of 
ruptured membranes
 
Scheduled cesarean del�very has �ncreased among women 
w�th HIV �nfect�on s�nce the demonstrat�on that del�very 
before labor and membrane rupture can reduce �ntrapartum 
HIV transm�ss�on [214, 292, 293]� Further study �s needed 
regard�ng whether scheduled cesarean del�very prov�des 
clinically significant benefit to infected women with low or 
undetectable v�ral load and to those rece�v�ng comb�nat�on 
ant�retrov�ral therapy. Add�t�onally, data from a meta-
analys�s by the Internat�onal Per�natal HIV Group �nd�cate 
that, among women rece�v�ng ZDV or not rece�v�ng 
ant�retrov�ral drugs, the r�sk of per�natal transm�ss�on 
�ncreases by 2% for every 1-hour �ncrease �n durat�on of 
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membrane rupture �n �nfected women w�th <24 hours of 
membrane rupture [294]� Therefore, further study �s also 
needed to evaluate the role of cesarean del�very �n reduc�ng 
per�natal transm�ss�on �n women on l�m�ted therapy w�th 
very short durat�on of ruptured membranes and/or labor.  

management of women 
with premature 
rupture of membranes
 
W�th ev�dence that �ncreas�ng durat�on of membrane 
rupture �s assoc�ated w�th an �ncreas�ng transm�ss�on r�sk 
[292], more study �s needed to determ�ne the appropr�ate 
management of pregnant women w�th HIV �nfect�on who 
present w�th ruptured membranes at d�fferent po�nts �n 
gestat�on. 

offering rapid testing 
at delivery to late 
presenting women
 
Women who have not rece�ved antenatal care and were not 
offered HIV counsel�ng and test�ng are one of the groups 
st�ll at h�gh r�sk for transm�tt�ng HIV to the�r �nfants. The 
Mother-Infant Rap�d Intervent�on at Del�very (MIRIAD) 
study has demonstrated the acceptab�l�ty and feas�b�l�ty 
of offer�ng counsel�ng and rap�d HIV test�ng to women of 
unknown HIV status who present wh�le �n labor [1, 295]� 
Rap�d test�ng dur�ng labor can enable pregnant women 
w�th undocumented HIV status to learn the�r HIV �nfect�on 
status so they can rece�ve ant�retrov�ral prophylax�s and be 
referred for comprehens�ve med�cal care and follow-up, �f 
necessary. A model protocol on �mplement�ng rap�d HIV 
test�ng at labor/del�very �s ava�lable from CDC at http://
www.cdc.gov/hiv/rapid_testing/.  

Ant�retrov�ral prophylax�s should be �n�t�ated as soon 
as poss�ble after a pos�t�ve rap�d HIV test result and 
prior to standard confirmatory testing, as the benefit of 
reduc�ng the r�sk of mother-to-ch�ld HIV transm�ss�on 
outwe�ghs the r�sk of exposure to an �ntrapartum course of 
ant�retrov�ral med�cat�ons. Further stud�es are needed to 
assess the relat�ve acceptab�l�ty and efficacy of intrapartum/

postpartum versus postpartum �nfant �ntervent�ons to 
reduce the risk of intrapartum transmission by women first 
identified as HIV-infected during delivery, and to identify 
the opt�mal ant�retrov�ral prophylax�s reg�men for th�s 
s�tuat�on. 

http://www.cdc.gov/hiv/rapid_testing/
http://www.cdc.gov/hiv/rapid_testing/
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Table 1. Results of Major Studies on Antiretroviral Prophylaxis to Prevent Mother to Child  
Page 1 of 3 HIV Transmission

Study/Location/Mode 
Infant Feeding Drugs Antenatal and 

Intrapartum Postpartum Mother to Child  Transmission 
Rate and Efficacy

PACTG 076, Un�ted 
States, France
Formula feed�ng [4]

ZDV vs placebo Long (from 
14 weeks); 
�ntravenous IP

Long (6 weeks), 
�nfant only

•	 8.3% �n ZDV arm vs 25.5% 
�n placebo arm at 18 months 
(68% efficacy)

CDC short-course ZDV 
tr�al, Tha�land [23]
Formula feed�ng 

ZDV vs placebo Short (from 36 
weeks); oral IP 

None •	 9.4% �n ZDV arm vs 18.9% �n 
placebo arm at 6 months (50% 
efficacy)

DITRAME (ANRS 
049a) tr�al, Côte d’Ivo�re, 
Burk�na Faso [22, 296]
Breastfeed�ng

ZDV vs placebo Short (from 36 
weeks); oral IP

Short (1 week), 
mother only

•	 18.0% �n ZDV arm, 27.5% �n 
placebo arm at 6 months (38% 
efficacy); 21.5% vs 30.6% at 
15 months (30% efficacy)

•	 22.5% �n ZDV arm vs 30.2% 
�n placebo arm �n pooled 
analys�s at 24 months (26% 
efficacy)

CDC short-course ZDV 
tr�al, Côte d’Ivo�re [21, 
22]
Breastfeed�ng

ZDV vs placebo Short (from 36 
weeks); oral IP

None •	 16.5% �n ZDV arm vs 26.1% 
�n placebo arm at 3 months 
(37% efficacy)

•	 22.5% �n ZDV arm vs 30.2% 
�n placebo arm �n pooled 
analys�s at 24 months (26% 
efficacy)

PETRA tr�al, South 
Afr�ca, Tanzan�a and 
Uganda [15]
Breastfeed�ng and formula 
feed�ng

Antenatal, IP/PP 
ZDV + 3TC vs 
IP/PP ZDV + 3TC 
vs IP-only ZDV + 
3TC vs placebo

Short (from 36 
weeks); oral IP

Short (1 week), 
mother and �nfant

•	 5.7% at 6 weeks for AP/IP/
PP ZDV + 3TC, 8.9% for 
IP/PP ZDV + 3TC, 14.2% 
for IP-only  ZDV + 3TC and 
15.3% for placebo (efficacy 
compared w�th placebo: 63%, 
42%, and 0%, respect�vely)

•	 14.9% at 18 months for AP/
IP/PP ZDV + 3TC, 18.1% for 
IP/PP ZDV + 3TC, 20.0% 
for IP-only ZDV + 3TC and 
22.2% for placebo (efficacy 
compared w�th placebo: 34%, 
18%, and 0%, respect�vely)

HIVNET 012 tr�al, 
Uganda [14]
Breastfeed�ng

SD NVP vs. ZDV No AP ARV;
oral IP: SD NVP vs 
oral ZDV

SD NVP w�th�n 
72 hours of b�rth 
(�nfant only) vs 
ZDV (1 week), 
�nfant only

•	 11.8% �n NVP arm vs 20.0% 
�n ZDV arm at 6 to 8 weeks 
(42% efficacy); 15.7% in NVP 
arm vs 25.8% �n ZDV arm at 
18 months (41% efficacy)

SAINT tr�al, South Afr�ca 
[17] 
Breastfeed�ng and formula 
feed�ng

SD NVP vs ZDV 
+ 3TC

No AP ARV; oral 
IP: SD NVP vs 
ZDV + 3TC

SD NVP w�th�n 
48 hours of b�rth 
(mother and �nfant) 
vs ZDV + 3TC (1 
week), mother and 
�nfant

•	 12.3% �n SD NVP arm vs 
9.3% �n ZDV + 3TC arm 
at 8 weeks (d�fference not 
statistically significant, 
p=0.11) 
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Per�natal HIV Prevent�on 
Tr�al (PHPT-1), Tha�land  
[24] 
Formula feed�ng

Four ZDV 
reg�mens w�th 
d�fferent durat�ons 
of AP and �nfant PP 
adm�n�strat�on, no 
placebo

Long (from 28 
weeks), short (from 
36 weeks); oral IP

Long (6 weeks), 
short (3 days), 
�nfant only

•	 Short-short arm stopped at 
�nter�m analys�s (10.5%); 
MTCT 6.5% �n long-long 
arm vs 4.7% �n long-short 
arm and 8.6% �n the short-
long arm at 6 months (no 
stat�st�cal d�fference); in utero 
transmission significantly 
h�gher w�th short vs long 
maternal therapy reg�mens 
(5.1% vs 1.6%)

PACTG 316 tr�al, 
Bahamas, Belg�um, 
Braz�l, France, Germany, 
Italy, Spa�n, Sweden, 
Sw�tzerland, Un�ted 
K�ngdom, Un�ted States 
[9] 
Formula feed�ng

SD NVP vs 
placebo among 
women already 
rece�v�ng ZDV 
alone (23%) or 
ZDV + other 
ARV drugs (77% 
comb�nat�on 
therapy)

Non-study ARV 
reg�men; oral IP: 
placebo vs SD 
NVP + �ntravenous 
ZDV

Placebo vs SD 
NVP w�th�n 72 
hours of b�rth + 
non-study ARV 
drugs (ZDV), 
�nfant only

•	 77% of women rece�ved dual 
or tr�ple-comb�nat�on ARV 
reg�mens dur�ng pregnancy 

•	 Tr�al stopped early due to very 
low MTCT �n both arms: 1.4% 
�n SD NVP arm vs 1.6% �n 
placebo arm (53% of MTCT 
was in utero)

Per�natal HIV Prevent�on 
Tr�al (PHPT-2), Tha�land 
[28] 
Formula feed�ng

ZDV alone vs ZDV 
+ maternal and 
�nfant SD NVP vs 
ZDV + maternal 
SD NVP

ZDV from 28 
weeks; oral IP: 
ZDV alone or ZDV 
+ SD NVP

ZDV for 1 week 
w�th or w�thout SD 
NVP, �nfant only

•	 ZDV-alone arm was stopped 
due to h�gher MTCT than 
the NVP–NVP arm (6.3% 
vs 1.1%); �n arms �n wh�ch 
the mother rece�ved SD 
NVP, MTCT rate d�d not 
differ significantly between 
the �nfant rece�v�ng or not 
rece�v�ng SD NVP (2.0% vs 
2.8%)

DITRAME Plus (ANRS 
1201.0) tr�al, Ab�djan, 
Côte d’Ivo�re [25]
Breastfeed�ng and formula 
feed�ng

Open label, ZDV + 
SD NVP

ZDV from 36 
weeks; oral IP: 
ZDV plus SD NVP

SD NVP + ZDV 
for 1 week, �nfant 
only

•	 6.5% (95% CI 3.9–9.1%) at 
6 weeks; h�stor�cal control 
group rece�v�ng short ZDV 
only had MTCT 12.8% (98% 
breastfed �n h�stor�cal control 
group)

DITRAME Plus (ANRS 
1201.1) tr�al, Ab�djan, 
Côte d’Ivo�re [25]
Breastfeed�ng and formula 
feed�ng

Open label, ZDV + 
3TC + SD NVP

ZDV + 3TC from 
32 weeks (stopped 
at 3 days PP); oral 
IP: ZDV + 3TC + 
SD NVP 

SD NVP + ZDV 
for 1 week, �nfant 
only 

•	 4.7% (95% CI 2.4–7.0%) at 
6 weeks; h�stor�cal control 
group rece�v�ng short ZDV 
only had MTCT 12.8% (98% 
breastfed �n h�stor�cal control 
group)

NVAZ tr�al, Malaw� [18]
Breastfeed�ng

Neonatal SD NVP 
vs SD NVP + ZDV

No AP or IP ARV 
(latecomers)

SD NVP w�th or 
w�thout ZDV for 1 
week, �nfant only 

•	 15.3% �n SD NVP + ZDV 
arm and 20.9% �n SD NVP 
only arm at 6 to 8 weeks; 
MTCT rate at 6 to 8 weeks 
among �nfants who were HIV-
un�nfected at b�rth 7.7% and 
12.1%, respect�vely (36% 
efficacy)

Table 1. Results of Major Studies on Antiretroviral Prophylaxis to Prevent Mother to Child  
Page 2 of 3 HIV Transmission
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Postnatal NVP + ZDV 
tr�al, Malaw�  [19]
Breastfeed�ng

Neonatal SD NVP 
vs SD NVP + ZDV 

No AP ARV; oral 
IP: SD NVP

SD NVP w�th or 
w�thout ZDV for 1 
week, �nfant only

•	 16.3% �n NVP + ZDV arm 
and 14.1% �n SD NVP-
only arm at 6 to 8 weeks 
(d�fference not stat�st�cally 
significant); MTCT rate at 6 
to 8 weeks among �nfants who 
were HIV-un�nfected at b�rth 
6.5% and 16.9%, respect�vely

Post-exposure Infant 
Prophylax�s, South Afr�ca 
[20]
Breastfeed�ng and formula 
feed�ng

Neonatal SD NVP 
vs
ZDV for 6 weeks

No AP or IP ARV SD NVP vs ZDV 
for 6 weeks

•	 Formula-fed �nfants only, 
14.3% �n SD NVP arm and 
14.1% �n ZDV arm at 6 weeks 
(not significant, p=0.30);  
breastfed �nfants only, 12.2% 
�n SD NVP arm and 19.6% �n 
ZDV arm (p=0.03).

MASHI, Botswana [29, 
297]
Breastfeed�ng and formula 
feed�ng

In�t�al: short-course 
ZDV w�th/w�thout 
maternal and 
�nfant SD NVP 
and w�th/w�thout 
breastfeed�ng
Rev�sed: short-
course ZDV + 
�nfant SD NVP 
w�th/w�thout 
maternal SD NVP 
and w�th/w�thout 
breastfeed�ng; 
women w�th CD4 
<200 rece�ve  
HAART

1st random�zat�on
ZDV from 34 
weeks ; oral IP: 
ZDV + e�ther SD 
NVP vs. placebo

2nd random�zat�on
Breastfeed�ng + 
ZDV (�nfant) 6 
months + SD NVP, 
�nfant only
vs.
Formula feed�ng 
+ ZDV (�nfant) 4 
weeks + SD NVP, 
�nfant only

•	 In�t�al des�gn: In formula-
feed�ng arm, MTCT at 1 
month, 2.4% �n maternal & 
�nfant SD NVP arm and 8.3% 
�n placebo arm (p=0.05); �n 
breastfeed�ng + �nfant ZDV 
arm, MTCT at 1 month 8.4% 
�n SD NVP arm and 4.1% �n 
placebo arm (d�fference not 
statistically significant) 

•	 Rev�sed des�gn: MTCT at 1 
month 4.3% �n maternal + 
�nfant SD NVP arm and 3.7% 
�n maternal placebo + �nfant 
SD NVP arm (no significant 
d�fference; no �nteract�on w�th 
mode of �nfant feed�ng)

•	 MTCT at 7 months 9.1% �n 
breastfeed�ng + ZDV arm and 
5.6% �n formula feed�ng arm; 
mortal�ty at 7 months, 4.9% 
breastfeed�ng + ZDV vs 9.3% 
formula feed�ng; HIV-free 
surv�val at 18 months 15.6% 
breastfeed�ng + ZDV vs 
14.2% formula feed�ng

3TC: lam�vud�ne; AP: antepartum; ARV: ant�retrov�ral; HAART: h�ghly act�ve ant�retrov�ral therapy; IP: �ntrapartum; MTCT:  mother 
to ch�ld transm�ss�on; NVP: nev�rap�ne; PP: postpartum; SD: s�ngle-dose; ZDV: z�dovud�ne

Table 1. Results of Major Studies on Antiretroviral Prophylaxis to Prevent Mother to Child  
Page 3 of 3 HIV Transmission 
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Table 2. Preclinical and Clinical Data Relevant to the Use of Antiretrovirals in Pregnancy        
Page 1 of 2 (see Safety and Toxicity of Individual Antiretroviral Drugs in Pregnancy for more detail on drugs) 

Antiretroviral drug
FDA 

pregnancy 
category †

Placental passage 
(newborn: mother 

drug ratio)

Long-term animal carcinogenicity 
studies Animal teratogen studies

Nucleoside and nucleotide analogue reverse transcriptase inhibitors

Abacav�r (Z�agen, ABC) C  Yes (rats) Pos�t�ve (mal�gnant and non-mal�gnant 
tumors of l�ver, thyro�d �n female rats, 
and preput�al and cl�toral gland of m�ce 
and rats)

Pos�t�ve (rodent anasarca and skeletal 
malformat�ons at 1000 mg/kg (35x human 
exposure) dur�ng organogenes�s; not seen �n 
rabb�ts)

D�danos�ne (V�dex, ddI) B  Yes (human) [0.5] Negat�ve (no tumors, l�fet�me rodent 
study)

Negat�ve

Emtr�c�tab�ne (Emtr�va, 
FTC)

B  Yes (m�ce and 
rabb�ts) [0.4–0.5]

Negat�ve (no tumors, l�fet�me rodent 
study)

Negat�ve

Lam�vud�ne (Ep�v�r, 3TC) C  Yes (human)  
 [~1.0]

Negat�ve (no tumors, l�fet�me rodent 
study)

Negat�ve

Stavud�ne (Zer�t, d4T) C  Yes (rhesus  
 monkey) [0.76]

Pos�t�ve (m�ce and rats, at very h�gh 
dose exposure, l�ver and bladder 
tumors)

Negat�ve (but sternal bone calc�um decreases 
�n rodents)

Tenofov�r DF (V�read) B  Yes (human) 
[0.95–0.99]

Pos�t�ve (hepat�c adenomas �n female 
m�ce at h�gh doses)

Negat�ve (osteomalac�a when g�ven to 
juven�le an�mals at h�gh doses)

Zalc�tab�ne (HIVID, 
ddC)*

C  Yes (rhesus  
 monkey) [0.30–
 0.50]

Pos�t�ve (rodent, thym�c lymphomas) Pos�t�ve (rodent hydrocephalus at h�gh dose)

Z�dovud�ne† (Retrov�r,  
AZT, ZDV)

C  Yes (human)  
 [0.85]

Pos�t�ve (rodent, non�nvas�ve vag�nal 
ep�thel�al tumors)

Pos�t�ve (rodent near lethal dose)

Non-nucleoside reverse transcriptase inhibitors

Delav�rd�ne (Rescr�ptor) C  Unknown Pos�t�ve (hepatocellular adenomas and 
carc�nomas �n male and female m�ce but 
not rats, bladder tumors �n male m�ce)

Pos�t�ve (rodent ventr�cular septal defect)

Efav�renz (Sust�va) D  Yes 
(cynomologus    
 monkey, rat, 
 rabb�t) [~1.0]

Pos�t�ve (hepatocellular adenomas and 
carc�nomas and pulmonary alveolar/
bronch�olar adenomas �n female but not 
male m�ce)

Pos�t�ve (cynomologus monkey anencephaly, 
anophthalm�a, m�croophthalm�a)

Nev�rap�ne (V�ramune) B Yes (human) 
[~1.0]

Pos�t�ve (hepatocellular adenomas and 
carc�nomas �n m�ce and rats)

Negat�ve

Protease inhibitors

Amprenav�r (Agenerase)* C  M�n�mal/var�able 
(human)

Pos�t�ve (hepatocellular adenomas and 
carc�nomas �n male m�ce and rats)

Negative (but deficient ossification and 
thym�c elongat�on �n rats and rabb�ts)

Atazanav�r B  M�n�mal/var�able 
(human)

Pos�t�ve (hepatocellular adenomas �n 
female m�ce)

Negat�ve

Darunav�r (Prez�sta) B Unknown Not completed Negat�ve

Fosamprenav�r (Lex�va) C  Unknown Pos�t�ve (ben�gn and mal�gnant l�ver 
tumors �n male rodents)

Negative (deficient ossification with 
amprenav�r but not fosamprenav�r)

Ind�nav�r (Cr�x�van) C  M�n�mal (human) Pos�t�ve (thyro�d adenomas �n male rats 
at h�ghest dose)

Negat�ve (but extra r�bs �n rodents)

Lop�nav�r/R�tonav�r 
(Kaletra)

C  Yes (human) 
[0.20 +/- 0.13]

Pos�t�ve (hepatocellular adenomas and 
carc�nomas �n m�ce and rats) 

Negative (but delayed skeletal ossification 
and �ncrease �n skeletal var�at�ons �n rats at 
maternally tox�c doses)

Nelfinavir (Viracept) B  M�n�mal/var�able 
(human) 

Pos�t�ve (thyro�d foll�cular adenomas 
and carc�nomas �n rats)

Negat�ve

R�tonav�r (Norv�r) B  M�n�mal (human) Pos�t�ve (l�ver adenomas and 
carc�nomas �n male m�ce)

Negat�ve (but cryptorch�d�sm �n rodents)

Saqu�nav�r (Fortovase) B  M�n�mal (human) Negat�ve Negat�ve 

http://aidsinfo.nih.gov/contentfiles/PerinatalGLSafetyTox_Sup.pdf
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T�pranav�r (Apt�vus) C Unknown In progress Negative (decreased ossification and pup 
we�ghts �n rats at maternally tox�c doses)

Entry inhibitors

Enfuv�rt�de (Fuzeon) B  Unknown Not done Negat�ve 

Marav�roc (Selzentry) B Unknown Negat�ve Negat�ve

Integrase inhibitors

Raltegrav�r (Isentress) C Yes (rats [1.5-2.5], 
rabb�ts [0.02])#

In progress Negat�ve (extranumerary r�bs �n rats at dose 
exposure 3-fold h�gher than human)

* No longer ava�lable �n the Un�ted States. 

# Values obta�ned from fetal (not newborn) blood samples.  See text �n Raltegrav�r (Isentress™ ): Placental and breast m�lk passage sect�on

†  Food and Drug Adm�n�strat�on Pregnancy Categor�es:
A - Adequate and well-controlled studies of pregnant women fail to demonstrate a risk to the fetus during the first trimester of 
pregnancy (and no ev�dence ex�sts of r�sk dur�ng later tr�mesters).
B - An�mal reproduct�on stud�es fa�l to demonstrate a r�sk to the fetus, and adequate but well-controlled stud�es of pregnant 
women have not been conducted.
C - Safety �n human pregnancy has not been determ�ned; an�mal stud�es are e�ther pos�t�ve for fetal r�sk or have not been 
conducted, and the drug should not be used unless the potential benefit outweighs the potential risk to the fetus.
D - Pos�t�ve ev�dence of human fetal r�sk that �s based on adverse react�on data from �nvest�gat�onal or market�ng 
experiences, but the potential benefits from the use of the drug among pregnant women might be acceptable despite its 
potent�al r�sks.
X - Stud�es among an�mals or reports of adverse react�ons have �nd�cated that the r�sk assoc�ated w�th the use of the drug for 
pregnant women clearly outweighs any possible benefit.

  

Table 2. Preclinical and Clinical Data Relevant to the Use of Antiretrovirals in Pregnancy        
Page 2 of 2 (see Safety and Toxicity of Individual Antiretroviral Drugs in Pregnancy for more detail on drugs) 

http://aidsinfo.nih.gov/contentfiles/PerinatalGLSafetyTox_Sup.pdf
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Table 3. Antiretroviral Drug Use in Pregnant HIV-Infected Women: Pharmacokinetic and  
Page 1 of 4 Toxicity Data in Human Pregnancy and Recommendations for Use in Pregnancy  
  (see also “Safety and Toxicity of Individual Antiretroviral Drugs in Pregnancy” supplement for  
  additional toxicity data and “Guidelines for the Use of Antiretroviral Agents in HIV-infected Adults 
   and Adolescents” for detailed guidelines regarding treatment options) 

Antiretroviral 
Drug

Pharmacokinetics 
in Pregnancy

Concerns in Pregnancy Rationale for Recommended Use in Pregnancy

NRTIs/ 
NtRTIs

See text for d�scuss�on of potent�al 
maternal and �nfant m�tochondr�al 
tox�c�ty.

NRTIs are recommended for use as part of comb�nat�on 
reg�mens, usually �nclud�ng two NRTIs w�th e�ther an NNRTI 
or one or more PIs. Use of s�ngle or dual NRTIs alone �s not 
recommended for treatment of HIV �nfect�on (ZDV alone 
may be cons�dered for prophylax�s of per�natal transm�ss�on 
�n pregnant women w�th HIV RNA <1,000 cop�es/mL).

Recommended agents

Z�dovud�ne* Pharmacok�net�cs not 
significantly altered in 
pregnancy; no change �n 
dose �nd�cated [298]� 

No ev�dence of human teratogen�c�ty 
[88]� Well-tolerated, short-term safety 
demonstrated for mother and �nfant.

Preferred NRTI for use �n comb�nat�on ant�retrov�ral reg�mens 
in pregnancy based on efficacy studies and extensive 
experience; should be included in regimen unless significant 
tox�c�ty or stavud�ne use.

Lam�vud�ne* Pharmacok�net�cs not 
significantly altered in 
pregnancy; no change �n 
dose �nd�cated [269]� 

No ev�dence of human teratogen�c�ty 
[88]� Well-tolerated, short-term safety 
demonstrated for mother and �nfant.  

Because of extens�ve exper�ence w�th lam�vud�ne �n 
pregnancy �n comb�nat�on w�th z�dovud�ne, lam�vud�ne plus 
z�dovud�ne �s the recommended dual NRTI backbone for 
pregnant women.

Alternate agents

D�danos�ne Pharmacok�net�cs not 
significantly altered in 
pregnancy; no change �n 
dose �nd�cated [299]�

Cases of lact�c ac�dos�s, some fatal, 
have been reported �n pregnant women 
rece�v�ng d�danos�ne and stavud�ne 
together [125, 126]�

Alternate NRTI for dual nucleos�de backbone of comb�nat�on 
reg�mens. D�danos�ne should be used w�th stavud�ne only �f 
no other alternat�ves are ava�lable.

Emtr�c�tab�ne† No pharmacok�net�c 
stud�es �n human 
pregnancy.

No stud�es �n human pregnancy. Alternate NRTI for dual nucleos�de backbone of comb�nat�on 
reg�mens.

Stavud�ne Pharmacok�net�cs not 
significantly altered in 
pregnancy; no change �n 
dose �nd�cated [271]� 

No ev�dence of human teratogen�c�ty 
[88]� Cases of lact�c ac�dos�s, some 
fatal, have been reported �n pregnant 
women rece�v�ng d�danos�ne and 
stavud�ne together [125, 126]�

Alternate NRTI for dual nucleos�de backbone of comb�nat�on 
reg�mens. Stavud�ne should be used w�th d�danos�ne only 
�f no other alternat�ves are ava�lable. Do not use w�th 
z�dovud�ne due to potent�al for antagon�sm.

Abacav�r* Pharmacok�net�cs not 
significantly altered in 
pregnancy; no change �n 
dose �nd�cated.

Hypersens�t�v�ty react�ons occur �n 
~5%–8% of nonpregnant persons; a 
much smaller percentage are fatal and 
are usually assoc�ated w�th rechallenge. 
Rate �n pregnancy unknown. Pat�ent 
should be educated regard�ng 
symptoms of hypersens�t�v�ty react�on.

Alternate NRTI for dual nucleos�de backbone of comb�nat�on 
reg�mens. See footnote regard�ng use �n tr�ple NRTI reg�men.#

Insufficient data to recommend use

Tenofov�r† L�m�ted stud�es �n 
human pregnancy; data 
�nd�cate AUC lower 
�n th�rd tr�mester than 
postpartum but trough 
levels s�m�lar. Phase I 
study �n late pregnancy 
�n progress.

Stud�es �n monkeys show decreased 
fetal growth and reduct�on �n fetal bone 
poros�ty w�th�n 2 months of start�ng 
maternal therapy [300]. Cl�n�cal stud�es 
�n humans (part�cularly ch�ldren) show 
bone dem�neral�zat�on w�th chron�c 
use; clinical significance unknown 
[301, 302]. Significant placental 
passage �n humans (cord:maternal 
blood rat�o ~1.0).

Because of lack of data on use �n human pregnancy and 
concern regard�ng potent�al fetal bone effects, tenofov�r 
should be used as a component of a maternal comb�nat�on 
reg�men only after careful cons�derat�on of alternat�ves.

Not recommended

Zalc�tab�ne (no 
longer available in 
the United States)

No stud�es �n human 
pregnancy.

Rodent stud�es �nd�cate potent�al for 
teratogen�c�ty and developmental 
tox�c�ty (see Table 2). 

G�ven lack of data and concerns regard�ng teratogen�c�ty 
�n an�mals, not recommended for use �n human pregnancy 
unless alternat�ves are not ava�lable.

 

http://aidsinfo.nih.gov/contentfiles/PerinatalGLSafetyTox_Sup.pdf
http://aidsinfo.nih.gov/Guidelines/GuidelineDetail.aspx?MenuItem=Guidelines&Search=Off&GuidelineID=7&ClassID=1
http://aidsinfo.nih.gov/Guidelines/GuidelineDetail.aspx?MenuItem=Guidelines&Search=Off&GuidelineID=7&ClassID=1
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Table 3. Antiretroviral Drug Use in Pregnant HIV-Infected Women: Pharmacokinetic and  
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Antiretroviral 
Drug

Pharmacokinetics                      
in Pregnancy

Concerns in Pregnancy Rationale for Recommended Use in 
Pregnancy

NNRTIs Hypersens�t�v�ty react�ons, �nclud�ng 
hepat�c tox�c�ty, and rash more common �n 
women, unclear �f �ncreased �n pregnancy

NNRTIs are recommended for use �n 
comb�nat�on reg�mens w�th 2 NRTI drugs.

Recommended agents

Nev�rap�ne Pharmacokinetics not significantly 
altered �n pregnancy; no change �n 
dose �nd�cated [303, 304]�

No ev�dence of human teratogen�c�ty 
[88]� Increased r�sk of symptomat�c, often 
rash-assoc�ated, and potent�ally fatal l�ver 
tox�c�ty among women w�th CD4 counts 
>250/mm3 when first initiating therapy 
[102, 305]; unclear �f pregnancy �ncreases 
r�sk.  

Nev�rap�ne should be �n�t�ated �n pregnant 
women w�th CD4 counts >250 cells/mm3 only 
if benefit clearly outweighs risk, due to the 
�ncreased r�sk of potent�ally l�fe-threaten�ng 
hepatotox�c�ty �n women w�th h�gh CD4 
counts. Women who enter pregnancy on 
nev�rap�ne reg�mens and are tolerat�ng them 
well may cont�nue therapy, regardless of CD4 
count. 

Not recommended

Efav�renz† No stud�es �n human pregnancy. FDA Pregnancy Class D; significant 
malformat�ons (anencephaly, 
anophthalm�a, cleft palate) were 
observed �n 3 (15%) of 20 �nfants born to 
cynomolgus monkeys rece�v�ng efav�renz 
during the first trimester at a dose giving 
plasma levels comparable to system�c 
human therapeut�c exposure; there are 
3 case reports of neural tube defects �n 
humans after first trimester exposure [88, 
306, 307]; relat�ve r�sk unclear.

Use of efav�renz should be avo�ded �n the 
first trimester, and women of childbearing 
potent�al must be counseled regard�ng r�sks 
and avo�dance of pregnancy. Because of the 
known fa�lure rates of contracept�on, alternate 
reg�mens should be strongly cons�dered 
�n women of ch�ld-bear�ng potent�al. Use 
after the second tr�mester of pregnancy can 
be cons�dered �f other alternat�ves are not 
ava�lable and �f adequate contracept�on can be 
assured postpartum.

Delav�rd�ne No pharmacok�net�c stud�es �n human 
pregnancy.

Rodent stud�es �nd�cate potent�al for 
carc�nogen�c�ty and teratogen�c�ty (see 
Table 2). 

G�ven lack of data and concerns regard�ng 
teratogen�c�ty �n an�mals, not recommended 
for use �n human pregnancy unless alternat�ves 
are not ava�lable.

Protease 
inhibitors

Hyperglycem�a, new onset or exacerbat�on 
of d�abetes mell�tus, and d�abet�c 
ketoac�dos�s reported w�th PI use; unclear 
if pregnancy increases risk. Conflicting 
data regard�ng preterm del�very �n women 
rece�v�ng PIs (see text).

PIs are recommended for use �n comb�nat�on 
reg�mens w�th 2 NRTI drugs.

Recommended agents

Lop�nav�r/ 
r�tonav�r

Pharmacok�net�c stud�es of standard 
dose of lop�nav�r/r�tonav�r capsules 
(3 capsules tw�ce da�ly) dur�ng 
th�rd tr�mester �nd�cated levels were 
significantly lower than during 
postpartum per�od and �n nonpregnant 
adults [308]; an �ncreased dose of 
4 capsules of lop�nav�r/r�tonav�r 
tw�ce da�ly start�ng �n the th�rd 
tr�mester resulted �n adequate 
lop�nav�r exposure [309]; by 2 weeks 
postpartum, standard dos�ng was aga�n 
appropr�ate. Pharmacok�net�c stud�es 
of the new lop�nav�r/r�tonav�r tablet 
formulat�on are underway, but data are 
not yet ava�lable. 

No ev�dence of human teratogen�c�ty 
[88]�Well-tolerated, short-term safety 
demonstrated �n Phase I/II stud�es. 

The capsule formulat�on �s no longer 
ava�lable.  Pharmacok�net�c stud�es of the 
new tablet formulat�on are underway, but 
there are currently insufficient data to make 
a definitive recommendation regarding 
dos�ng �n pregnancy. Some experts would 
adm�n�ster standard dos�ng (2 tablets tw�ce 
da�ly) throughout pregnancy and mon�tor 
v�rolog�c response and lop�nav�r drug levels, 
�f ava�lable. Other experts, extrapolat�ng from 
the capsule formulat�on pharmacok�net�c 
data, would �ncrease the dose of the tablet 
formulat�on dur�ng the th�rd tr�mester (from 
2 tablets to 3 tablets tw�ce da�ly), return�ng 
to standard dos�ng postpartum. Once da�ly 
lop�nav�r/r�tonav�r dos�ng �s not recommended 
dur�ng pregnancy because there are no data to 
address whether drug levels are adequate w�th 
such adm�n�strat�on. 
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Antiretroviral 
Drug

Pharmacokinetics in 
Pregnancy

Concerns in Pregnancy Rationale for Recommended Use in 
Pregnancy

Alternate agents

Ind�nav�r 
(comb�ned 
w�th low 
dose r�tonav�r 
boost�ng)

Two stud�es �nclud�ng 18 women 
rece�v�ng �nd�nav�r 800 mg three 
t�mes da�ly showed markedly lower 
levels dur�ng pregnancy compared to 
postpartum, although suppress�on of 
HIV RNA was seen [273, 310]. 

Theoret�cal concern re: �ncreased �nd�rect 
b�l�rub�n levels, wh�ch may exacerbate 
phys�olog�c hyperb�l�rub�nem�a �n the 
neonate, but m�n�mal placental passage.    
Use of unboosted �nd�nav�r dur�ng 
pregnancy �s not recommended.  

Alternate PI to cons�der �f unable to use 
lop�nav�r/r�tonav�r, but would need to g�ve 
�nd�nav�r as r�tonav�r-boosted reg�men. 
Opt�mal dos�ng for the comb�nat�on of 
�nd�nav�r/r�tonav�r �n pregnancy �s unknown. 

Nelfinavir Adequate drug levels are ach�eved 
in pregnant women with nelfinavir 
1,250 mg, g�ven tw�ce da�ly although 
levels are var�able �n late pregnancy 
[317-319]. In a s�m�lar study of 
pregnant women �n the�r second and 
th�rd tr�mester dosed at 1,250mg 
g�ven tw�ce da�ly, women �n the th�rd 
tr�mester had lower concentrat�on of 
nelfinavir than women in their second 
tr�mester [319]. In a study of the new 
625 mg tablet formulat�on dosed at 
1,250 mg tw�ce da�ly, lower AUC 
and peak levels were observed dur�ng 
the th�rd tr�mester of pregnancy than 
postpartum [320].

No ev�dence of human teratogen�c�ty.  Well-
tolerated, short-term safety demonstrated 
for mother and �nfant.

G�ven pharmacok�net�c data and extens�ve 
experience with use in pregnancy, nelfinavir 
�s an alternat�ve PI for comb�nat�on reg�mens 
�n pregnant women rece�v�ng HAART only 
for per�natal prophylax�s.  In cl�n�cal tr�als 
of �n�t�al therapy �n non-pregnant adults, 
nelfinavir-based regimens had a lower rate of 
v�ral response compared to lop�nav�r-r�tonav�r 
or efav�renz-based reg�mens, but s�m�lar v�ral 
response to atazanav�r or nev�rap�ne-based 
reg�mens.

R�tonav�r Phase I/II study �n pregnancy showed 
lower levels dur�ng pregnancy 
compared to postpartum [311]� 

L�m�ted exper�ence at full dose �n human 
pregnancy; has been used as low-dose 
r�tonav�r boost�ng w�th other PIs.

G�ven low levels �n pregnant women 
when used alone, recommended for use �n 
comb�nat�on w�th second PI as low-dose 
r�tonav�r “boost” to �ncrease levels of second 
PI.

Saqu�nav�r-
hard gel 
capsule [HGC] 
(Inv�rase)/ 
r�tonav�r

Pharmaock�net�c stud�es of saqu�nav�r-
soft gel capsules (SGC) �nd�cated 
that �nadequate drug levels were 
observed �n pregnant women g�ven 
1,200 mg of saqu�nav�r-SGC as a sole 
PI three t�mes da�ly [272, 312], but 
adequate levels were ach�eved when 
800 mg saqu�nav�r-SGC boosted w�th 
r�tonav�r 100 mg was g�ven tw�ce 
da�ly [313]. However, saqu�nav�r-
SGC are no longer produced. L�m�ted 
pharmacok�net�c data on saqu�nav�r-
hard gel capsule (HGC), and the new 
500-mg tablet formulat�on, suggest 
that 1,000 mg saqu�nav�r-HGC/100 mg 
r�tonav�r g�ven tw�ce da�ly ach�eves 
adequate saqu�nav�r drug levels �n 
pregnant women [314]. 

Well-tolerated, short-term safety 
demonstrated for mother and �nfant for both 
saqu�nav�r-SGC and -HGC �n comb�nat�on 
w�th low-dose r�tonav�r.  

Saqu�nav�r-SGC are no longer ava�lable. 
There are only l�m�ted pharmacok�net�c 
data on saqu�nav�r-HGC and the new tablet 
formulat�on �n pregnancy.  R�tonav�r-boosted 
saqu�nav�r-HGC or saqu�nav�r tablets are 
alternat�ve PIs for comb�nat�on reg�mens 
�n pregnancy, and are alternat�ve �n�t�al 
ant�retrov�ral recommendat�ons for non-
pregnant adults.

Insufficient data to recommend use

Amprenav�r (no 
longer available 
in the U�S�)

L�m�ted stud�es �n human 
pregnancy.

Oral solut�on contra�nd�cated �n pregnant 
women because of h�gh levels of propylene 
glycol, wh�ch may not be adequately 
metabol�zed dur�ng pregnancy.

Safety and pharmacok�net�cs �n pregnancy 
data are insufficient to recommend use of 
capsules dur�ng pregnancy.

Atazanav�r L�m�ted stud�es �n small number of 
pregnant women atazanav�r (N=33) 
and atazanav�r-r�tonav�r (N=9) 
suggest standard dos�ng ach�eves 
adequate drug levels [315, 316]. 

Theoret�cal concern re: �ncreased �nd�rect 
b�l�rub�n levels, wh�ch may exacerbate 
phys�olog�c hyperb�l�rub�nem�a �n the 
neonate, although transplacental passage �s 
very low and l�kely to be var�able (10%).

Safety and pharmacok�net�cs �n pregnancy 
data are insufficient to recommend use during 
pregnancy.
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Darunav�r No pharmacok�net�c stud�es �n 
human pregnancy.

No exper�ence �n human pregnancy. Safety and pharmacok�net�cs �n pregnancy 
data are insufficient to recommend use during 
pregnancy.

Fosamprenav�r No pharmacok�net�c stud�es �n 
human pregnancy.

L�m�ted exper�ence �n human pregnancy. Safety and pharmacok�net�cs �n pregnancy 
data are insufficient to recommend use during 
pregnancy.

T�pranav�r No pharmacok�net�c stud�es �n 
human pregnancy.

No exper�ence �n human pregnancy. Safety and pharmacok�net�cs �n pregnancy 
data are insufficient to recommend use during 
pregnancy.

Entry Inhibitors
Insufficient data to recommend use

Enfuv�rt�de No pharmacok�net�c stud�es �n 
human pregnancy.

M�n�mal data �n human pregnancy [321]. Safety and pharmacok�net�cs �n pregnancy 
data are insufficient to recommend use during 
pregnancy.

Marav�roc No pharmacok�net�c stud�es �n 
human pregnancy.

No exper�ence �n human pregnancy. Safety and pharmacok�net�cs �n pregnancy 
data are insufficient to recommend use during 
pregnancy.

Integrase Inhibitors
Insufficient data to recommend use

 Raltegrav�r No pharmacok�net�c stud�es �n 
human pregnancy

No exper�ence �n human pregnancy Safety and pharmacok�net�cs �n pregnancy 
data are insufficient to recommend use during 
pregnancy.

HGC = hard gel capsule; NRTI = nucleos�de reverse transcr�ptase �nh�b�tor; NtRTI = nucleot�de reverse transcr�ptase �nh�b�tor; NNRTI = non-nucleos�de reverse 
transcr�ptase �nh�b�tor; PI = protease �nh�b�tor; SGC = soft gel capsule.

*  Zidovudine and lamivudine are included as a fixed-dose combination in Combivir; zidovudine, lamivudine, and abacavir are included as a fixed-dose combination 
�n Tr�z�v�r.

† Emtricitabine and tenofovir are included as a fixed-dose combination in Truvada; emtricitabine, tenofovir, and efavirenz are included as a fixed-dose combination 
�n Atr�pla.

#   Tr�ple NRTI reg�mens �nclud�ng abacav�r have been less potent v�rolog�cally compared to PI-based HAART reg�mens. Tr�ple NRTI reg�mens should be used 
only when an NNRTI- or PI-based HAART regimen cannot be used (e.g., due to significant drug interactions).  A study evaluating use of zidovudine/lamivudine/
abacav�r among pregnant women w�th HIV RNA <55,000 cop�es/mL as a class-spar�ng reg�men �s �n development.

Table 3. Antiretroviral Drug Use in Pregnant HIV-Infected Women: Pharmacokinetic and  
Page 4 of 4 Toxicity Data in Human Pregnancy and Recommendations for Use in Pregnancy

Antiretroviral 
Drug

Pharmacokinetics  
in Pregnancy

Concerns in Pregnancy Rationale for Recommended Use in 
Pregnancy

Insufficient data to recommend use (cont)
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Table 4. Clinical Scenario Summary Recommendations for Antiretroviral Drug Use by  
Page 1 of 5 Pregnant HIV-Infected Women and Prevention of Perinatal HIV-1 Transmission 
  in the United States 

Clinical Situation Recommendation
HIV-infected woman of childbearing 
potential but not pregnant, and who has 
indications for initiating antiretroviral 
therapy 

•	 In�t�ate HAART as per adult treatment gu�del�nes. 

•	 Avo�d drugs w�th teratogen�c potent�al (e.g., EFV) �n women of ch�ldbear�ng 
age unless adequate contracept�on ensured. Exclude pregnancy before start�ng 
treatment w�th EFV.

HIV-infected woman who is receiving 
HAART and becomes pregnant

Woman:

• Cont�nue current HAART reg�men �f successfully suppress�ng v�rem�a, except 
avoid use of EFV or other potentially teratogenic drugs in the first trimester 
and drugs w�th known adverse potent�al for mother (comb�nat�on d4T/ddI).

• HIV ant�retrov�ral drug res�stance test�ng �s recommended �f the woman has 
detectable v�rem�a on therapy.

• In general, �f woman requ�res treatment, ant�retrov�ral drugs should not be 
stopped dur�ng the 1st tr�mester.

• Cont�nue HAART reg�men dur�ng �ntrapartum per�od (ZDV g�ven as 
cont�nuous �nfus�on1 dur�ng labor wh�le other ant�retrov�ral agents are 
cont�nued orally) and postpartum.

• Scheduled cesarean del�very at 38 weeks gestat�on �f plasma HIV RNA 
rema�ns >1,000 cop�es/mL near the t�me of del�very.

Infant:

• ZDV for 6 weeks started w�th�n 6 to 12 hours after b�rth.2
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HIV-infected pregnant woman who is 
antiretroviral naïve and has indications for 
antiretroviral therapy 

Woman:

•	 HIV ant�retrov�ral drug res�stance test�ng �s recommended pr�or to the 
�n�t�at�on of therapy, and �f subopt�mal v�ral suppress�on after �n�t�at�on of 
HAART.

•	 In�t�ate HAART reg�men. 

- Avoid use of EFV or other potentially teratogenic drugs in the first trimester 
and drugs w�th known adverse potent�al for mother (comb�nat�on d4T/ddI). 

- Use of ZDV as a component of the ant�retrov�ral reg�men �s recommended 
when feas�ble.

- NVP can be used as a component of HAART for women w�th CD4 count 
≤250 cells/mm3, but should only be used as a component of therapy �n women 
w�th CD4 counts >250 cells/mm3 if the benefit clearly outweighs the risk due 
to an �ncreased r�sk of severe hepat�c tox�c�ty.

•	 For women who requ�re �mmed�ate �n�t�at�on of therapy for the�r own health, 
treatment should be initiated as soon as possible, including in the first 
tr�mester.

•	 Cont�nue HAART reg�men dur�ng �ntrapartum per�od (ZDV g�ven as 
cont�nuous �nfus�on1 dur�ng labor wh�le other ant�retrov�ral agents are 
cont�nued orally) and postpartum.

•	 Scheduled cesarean del�very at 38 weeks gestat�on �f plasma HIV RNA 
rema�ns >1,000 cop�es/mL near the t�me of del�very.

Infant:

•	 ZDV for 6 weeks started w�th�n 6 to 12 hours after b�rth.2

Table 4. Clinical Scenario Summary Recommendations for Antiretroviral Drug Use by  
Page 2 of 5 Pregnant HIV-Infected Women and Prevention of Perinatal HIV-1 Transmission 
  in the United States



July 8, 2008

75Recommendations for Use of Antiretroviral Drugs in Pregnant HIV-Infected Women for Maternal Health 
and Interventions to Reduce Perinatal HIV Transmission in the United States

HIV-infected pregnant woman who is 
antiretroviral naïve and does not require 
treatment for her own health 

Woman:

•	 HIV ant�retrov�ral drug res�stance test�ng �s recommended pr�or to the 
�n�t�at�on of therapy, and �f subopt�mal v�ral suppress�on after �n�t�at�on of 
HAART.

•	 HAART �s recommended for prophylax�s of per�natal transm�ss�on �n women 
who do not requ�re treatment for the�r own health. 

- Consider delaying HAART initiation until after first trimester is completed. 

- Avoid use of EFV or other potentially teratogenic drugs in the first trimester 
and drugs w�th known adverse potent�al for mother (comb�nat�on d4T/ddI). 

- Use of ZDV as a component of the ant�retrov�ral reg�men �s recommended 
when feas�ble.

- NVP should only be used as a component of therapy �n women w�th CD4 
counts >250 cells/mm3 if the benefit clearly outweighs the risk due to an 
�ncreased r�sk of severe hepat�c tox�c�ty.

•	 Use of ZDV prophylax�s alone �s controvers�al, but may be cons�dered for 
those women w�th plasma HIV RNA levels <1,000 cop�es/mL on no therapy.

•	 Cont�nue HAART reg�men dur�ng �ntrapartum per�od (ZDV g�ven as 
cont�nuous �nfus�on1 dur�ng labor wh�le other ant�retrov�ral agents are 
cont�nued orally).  

•	 Evaluate need for cont�nued therapy postpartum; d�scont�nue HAART unless 
has �nd�cat�ons for cont�nued therapy. If reg�men �ncludes drug w�th long 
half-l�fe l�ke NNRTI, cons�der stopp�ng NRTIs 7 days after stopp�ng NNRTI. 
(L�m�ted data ex�st on th�s.)

•	 Scheduled cesarean del�very at 38 weeks gestat�on �f plasma HIV RNA 
rema�ns >1,000 cop�es/mL near the t�me of del�very.

Infant:

•	 ZDV for 6 weeks started w�th�n 6 to 12 hours after b�rth.2

Table 4. Clinical Scenario Summary Recommendations for Antiretroviral Drug Use by  
Page 3 of 5 Pregnant HIV-Infected Women and Prevention of Perinatal HIV-1 Transmission 
  in the United States
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HIV-infected pregnant woman who is 
antiretroviral experienced but not currently 
receiving antiretroviral drugs 

Woman:

•	 Obta�n full ant�retrov�ral treatment h�story and evaluate need for ant�retrov�ral 
treatment for own health.

•	 Perform HIV ant�retrov�ral drug res�stance test�ng pr�or to �n�t�at�ng repeat 
ant�retrov�ral prophylax�s or therapy, and �f subopt�mal v�ral suppress�on after 
�n�t�at�on of HAART.

•	 In�t�ate HAART, w�th reg�men chosen based on res�stance test�ng and pr�or 
therapy h�story.

- Avoid use of EFV or other potentially teratogenic drugs in the first trimester 
and drugs w�th known adverse potent�al for mother (comb�nat�on d4T/ddI). 

- Use of ZDV as a component of the ant�retrov�ral reg�men �s recommended 
when feas�ble.

- NVP should only be used as a component of therapy �n women w�th CD4 
counts >250 cells/mm3 if the benefit clearly outweighs the risk due to an 
�ncreased r�sk of severe hepat�c tox�c�ty.

•	 Cont�nue HAART reg�men dur�ng �ntrapartum per�od (ZDV g�ven as 
cont�nuous �nfus�on1 dur�ng labor wh�le other ant�retrov�ral agents are 
cont�nued orally).  

•	 Evaluate need for cont�nued therapy postpartum; d�scont�nue HAART unless 
has �nd�cat�ons for cont�nued therapy. If reg�men �ncludes drug w�th long 
half-l�fe l�ke NNRTI, cons�der stopp�ng NRTIs 7 days after stopp�ng NNRTI. 
(L�m�ted data ex�st on th�s.)

•	 Scheduled cesarean del�very at 38 weeks gestat�on �f plasma HIV RNA 
rema�ns >1,000 cop�es/mL near the t�me of del�very.

Infant:

•	 ZDV for 6 weeks started w�th�n 6 to 12 hours after b�rth.2

Table 4. Clinical Scenario Summary Recommendations for Antiretroviral Drug Use by  
Page 4 of 5 Pregnant HIV-Infected Women and Prevention of Perinatal HIV-1 Transmission 
  in the United States
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HIV-infected woman who has received no 
antiretroviral therapy prior to labor

ZDV

Woman:  ZDV g�ven as cont�nuous �nfus�on1 dur�ng labor.
Infant:  ZDV for 6 weeks started w�th�n 6 to 12 hours after b�rth.2

OR

Comb�nat�on ZDV + S�ngle-Dose NVP:

Woman:  ZDV g�ven as cont�nuous �nfus�on1 dur�ng labor, plus s�ngle-dose 
NVP3 at onset of labor. Cons�derat�on should be g�ven to add�ng 3TC dur�ng 
labor and maternal ZDV/3TC for 7 days postpartum, wh�ch may reduce 
development of NVP res�stance.
Infant:  S�ngle-dose NVP3 plus ZDV for 6 weeks.

OR
Woman:  ZDV g�ven as cont�nuous �nfus�on1 dur�ng labor.
Infant:  Some cl�n�c�ans may choose to use ZDV �n comb�nat�on w�th 
add�t�onal drugs �n the �nfant, but appropr�ate dos�ng for neonates �s 
incompletely defined and the additional efficacy of this approach in reducing 
transm�ss�on �s not known. Consultat�on w�th a ped�atr�c HIV spec�al�st �s 
recommended.

• Evaluate need for �n�t�at�on of maternal therapy postpartum.

Infant born to HIV-infected woman who 
has received no antiretroviral therapy prior 
to or during labor

•	 ZDV g�ven for 6 weeks to the �nfant, started as soon as poss�ble after b�rth.2

OR

•	 Some cl�n�c�ans may choose to use ZDV �n comb�nat�on w�th add�t�onal 
drugs, but appropriate dosing for neonates is incompletely defined and the 
additional efficacy of this approach in reducing transmission is not known. 
Consultat�on w�th a ped�atr�c HIV spec�al�st �s recommended.

•	 Evaluate need for �n�t�at�on of maternal therapy postpartum.

3TC: Lam�vud�ne; EFV: Efav�renz; HAART: H�ghly act�ve ant�retrov�ral therapy, a m�n�mum of three ant�retrov�ral agents; NVP: 
Nev�rap�ne; ZDV: Z�dovud�ne 

1   ZDV cont�nuous �nfus�on: 2 mg/kg ZDV �ntravenously over 1 hour, followed by cont�nuous �nfus�on of 1 mg/kg/hour                  
unt�l del�very.

2  ZDV dos�ng for �nfants <35 weeks gestat�on at b�rth �s 1.5 mg/kg/dose �ntravenously, or 2.0 mg/kg/dose orally, every 12 hours, 
advanc�ng to every 8 hours at 2 weeks of age �f >30 weeks gestat�on at b�rth or at 4 weeks of age �f <30 weeks gestat�on at b�rth. 

3   S�ngle dose NVP: Mother: 200 mg g�ven once orally at onset of labor; Infant: 2 mg/kg body we�ght g�ven once orally at 2–3 days of 
age �f mother rece�ved �ntrapartum s�ngle dose NVP, or g�ven at b�rth �f mother d�d not rece�ve �ntrapartum s�ngle-dose NVP.

Table 4. Clinical Scenario Summary Recommendations for Antiretroviral Drug Use by  
Page 5 of 5 Pregnant HIV-Infected Women and Prevention of Perinatal HIV-1 Transmission 
  in the United States
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Table 5. Intrapartum Maternal and Neonatal Zidovudine Dosing for Prevention of Mother to  
  Child HIV Transmission

Maternal Intrapartum

Drug Dosing Duration

ZDV 2 mg per kg body we�ght �ntravenously over 1 hour, 
followed by cont�nuous �nfus�on of 1 mg per kg 
body we�ght per hour 

Onset of labor unt�l 
del�very of �nfant

Neonatal

Drug Dosing Duration

ZDV (term [>35 
weeks] �nfant)

2 mg per kg body we�ght per dose g�ven orally 
(or 1.5 mg per kg body we�ght per dose g�ven 
�ntravenously) started as close to b�rth as poss�ble 
(by 6-12 hours of del�very), then every 6 hours*

B�rth to 6 weeks

ZDV (<35 weeks but 
>30 weeks)

2 mg per kg body we�ght per dose g�ven orally 
(or 1.5 mg per kg body we�ght per dose g�ven 
�ntravenously) every 12 hours, advanced to every 8 
hours at 2 weeks of age

B�rth to 6 weeks

ZDV (<30 weeks) 2 mg per kg body we�ght per dose g�ven orally 
(or 1.5 mg/kg/dose g�ven �ntravenously) every 12 
hours, advanced to every 8 hours at 4 weeks of age

B�rth to 6 weeks

ZDV = z�dovud�ne

* ZDV dos�ng of 4 mg per kg body we�ght per dose g�ven every 12 hours has been used for �nfant prophylax�s �n some 
international perinatal studies.  While there are no definitive data to show equivalent pharmacokinetic parameters or 
efficacy in preventing transmission, a regimen of ZDV 4 mg per kg body weight per dose given orally twice daily instead 
of 2 mg per kg body we�ght per dose g�ven orally four t�mes da�ly may be cons�dered when there are concerns about 
adherence to drug adm�n�strat�on to the �nfant.
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Table 6. Intrapartum Maternal and Neonatal Dosing for Additional Antiretroviral Drugs to   
  be Considered Only in Selected Circumstances   
  (see pages 42, 51-55 for further  discussion)

Maternal Intrapartum/Postpartum

Drug Dosing Duration

NVP (as s�ngle dose 
�ntrapartum)*

200 mg g�ven orally as s�ngle 
dose

G�ven once at onset of labor

ZDV + 3TC (g�ven w�th s�ngle 
dose NVP as “ta�l” to reduce NVP 
res�stance

ZDV:  IV �ntrapartum as per table 
5, then after del�very 300 mg 
orally tw�ce da�ly

3TC:  150 mg orally tw�ce da�ly 
start�ng at labor onset

Through 1 week postpartum

Neonatal

Drug Dosing Duration

NVP (as s�ngle dose)** 2 mg per kg body we�ght g�ven 
orally as s�ngle dose

S�ngle dose between b�rth and 
72 hours of age.  If maternal 
dose �s g�ven < 2 hours before 
del�very, �nfant dose should be 
adm�n�stered as soon as poss�ble 
follow�ng b�rth.

ZDV + 3TC (g�ven w�th s�ngle 
dose NVP as “ta�l” to reduce NVP 
res�stance)

ZDV: neonatal dos�ng as per 
Table 5

3TC:  2 mg per kg body we�ght 
g�ven orally tw�ce da�ly

ZDV:  B�rth to 6 weeks

3TC: B�rth to 1 week

NVP = nev�rap�ne, ZDV = z�dovud�ne, 3TC = lam�vud�ne

* G�ven in addition to �ntravenous �ntrapartum ZDV; �f �ntrapartum s�ngle dose NVP �s g�ven to mother, adm�n�strat�on of 
�ntrapartum oral 3TC  followed by adm�n�strat�on of ZDV and 3TC for 7 days postpartum to reduce development of NVP 
res�stant v�rus �s recommended.  

** G�ven in addition to 6 weeks of �nfant ZDV; add�t�on of 7 days of 3TC may be cons�dered to reduce 
development of NVP res�stant v�rus. 
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Table 7. Clinical Scenarios and Recommendations Regarding Mode of Delivery to Reduce  
Page 1 of 2 Perinatal HIV Transmission

Clinical Situation Recommendation
HIV-�nfected women present�ng �n late 
pregnancy (after about 36 weeks gestat�on), 
known to be HIV-�nfected but not rece�v�ng 
ant�retrov�ral therapy, and who have HIV RNA 
level and CD4 count pend�ng but unl�kely to be 
ava�lable before del�very.

•	 The woman should be started on ant�retrov�ral therapy as per Table 4. 

•	 The woman should be counseled that scheduled cesarean sect�on �s l�kely to 
reduce the r�sk of transm�ss�on to her �nfant. She should also be �nformed of 
the �ncreased r�sks to her from cesarean sect�on, �nclud�ng �ncreased rates of 
postoperat�ve �nfect�on, anesthes�a r�sks, and other surg�cal r�sks. 

•	 If cesarean sect�on �s chosen, the procedure should be scheduled at 38 weeks 
gestat�on based on the best ava�lable cl�n�cal �nformat�on.

•	 When scheduled cesarean sect�on �s performed, the woman should rece�ve 
cont�nuous �ntravenous ZDV �nfus�on beg�nn�ng 3 hours before surgery and her 
�nfant should rece�ve 6 weeks of ZDV therapy after b�rth (see Table 4).

•	 Use of prophylact�c ant�b�ot�cs at the t�me of cesarean del�very �s generally 
recommended.

•	 Opt�ons for cont�nu�ng or �n�t�at�ng comb�nat�on ant�retrov�ral therapy after 
del�very should be d�scussed w�th the woman as soon as her v�ral load and CD4 
count results are ava�lable.

HIV-�nfected women who �n�t�ated prenatal 
care early �n the th�rd tr�mester, are rece�v�ng 
HAART, and have an �n�t�al v�rolog�c response, 
but have HIV RNA levels that rema�n 
substant�ally more than 1,000 cop�es/mL at 36 
weeks gestat�on.

•	 The current comb�nat�on ant�retrov�ral reg�men should be cont�nued as the HIV 
RNA level �s dropp�ng appropr�ately. 

•	 The woman should be counseled that although she �s respond�ng to the 
ant�retrov�ral therapy, �t �s unl�kely that her HIV RNA level w�ll fall below 1,000 
cop�es/mL before del�very. Therefore, scheduled cesarean sect�on may prov�de 
additional benefit in preventing intrapartum transmission of HIV. She should also 
be �nformed of the �ncreased r�sks to her of cesarean sect�on, �nclud�ng �ncreased 
rates of postoperat�ve �nfect�on, anesthes�a r�sks, and surg�cal r�sks.  

•	 If she chooses scheduled cesarean sect�on, �t should be performed at 38 weeks 
gestat�on accord�ng to the best ava�lable dat�ng parameters, and �ntravenous ZDV 
should be begun at least 3 hours before surgery and her �nfant should rece�ve 6 
weeks of ZDV therapy after b�rth (see Table 4).  

•	 Other ant�retrov�ral med�cat�ons should be cont�nued on schedule as much as 
poss�ble before and after surgery.  

•	 Use of prophylact�c ant�b�ot�cs at the t�me of cesarean del�very �s generally 
recommended.

•	 The �mportance of adher�ng to therapy after del�very for the woman’s health 
should be emphas�zed.

•	 The �nfant should be treated w�th 6 weeks of ZDV therapy after b�rth (see Table 
4).

HIV-�nfected women on HAART w�th an 
undetectable HIV RNA level at 36 weeks 
gestat�on.

•	 The woman should be counseled that her r�sk of per�natal transm�ss�on of HIV 
w�th a pers�stently undetectable HIV RNA level �s low, probably 2% or less, 
even w�th vag�nal del�very. There �s currently no �nformat�on to evaluate whether 
perform�ng a scheduled cesarean sect�on w�ll lower her r�sk further.  

•	 Cesarean sect�on has an �ncreased r�sk of compl�cat�ons for the woman compared 
to vaginal delivery, and these risks must be balanced against the uncertain benefit 
of cesarean sect�on �n th�s case.
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HIV-�nfected women who have elected 
scheduled cesarean sect�on but present �n early 
labor or shortly after rupture of membranes.

•	 Intravenous ZDV should be started �mmed�ately s�nce the woman �s �n labor or 
has ruptured membranes.  

•	 If labor �s progress�ng rap�dly, the woman may del�ver vag�nally.

•	 If cerv�cal d�latat�on �s m�n�mal and a long per�od of labor �s ant�c�pated, some 
cl�n�c�ans may choose to adm�n�ster the load�ng dose of �ntravenous ZDV and 
proceed w�th cesarean sect�on to m�n�m�ze the durat�on of membrane rupture 
and avo�d vag�nal del�very. Others m�ght beg�n p�toc�n augmentat�on to enhance 
contract�ons and potent�ally exped�te del�very.  

•	 If the woman �s allowed to labor, scalp electrodes and other �nvas�ve mon�tor�ng 
and operat�ve del�very should be avo�ded �f poss�ble.

•	 The �nfant should be treated w�th 6 weeks of ZDV therapy after b�rth (see Table 
4).

Table 7. Clinical Scenarios and Recommendations Regarding Mode of Delivery to Reduce  
Page 2 of 2 Perinatal HIV Transmission



July 8, 2008

82Recommendations for Use of Antiretroviral Drugs in Pregnant HIV-Infected Women for Maternal Health 
and Interventions to Reduce Perinatal HIV Transmission in the United States

1. Jam�eson DJ, Clark J, Kourt�s AP, et al. 
Recommendations for human immunodeficiency 
v�rus screen�ng, prophylax�s, and treatment for 
pregnant women �n the Un�ted States. Am J Obstet 
Gynecol, 2007. 197(3 Suppl):S26-32.

2. Centers for D�sease Control and Prevent�on (CDC), 
Mofenson LM, Taylor AW, et al. Ach�evements �n 
publ�c health. Reduct�on �n per�natal transm�ss�on of 
HIV �nfect�on--Un�ted States, 1985-2005. MMWR 
Morb Mortal Wkly Rep, 2006. 55(21):592-7.

3. Cooper ER, Charurat M, Mofenson LM, et al. 
Comb�nat�on ant�retrov�ral strateg�es for the 
treatment of pregnant HIV-1 �nfected women and 
prevent�on of per�natal HIV-1 transm�ss�on. J 
Acquir Immune Defic Syndr Hum Retrovirol, 2002. 
29(5):484-94.

4. Connor EM, Sperl�ng RS, Gelber R, et al. Reduct�on 
of maternal-�nfant transm�ss�on of human 
immunodeficiency virus type 1 with zidovudine 
treatment. N Engl J Med, 1994. 331(18):1173-80.

5. CDC. Gu�del�nes for the use of ant�retrov�ral agents �n 
HIV-�nfected adults and adolescents. Department of 
Health and Human Serv�ces. MMWR: The gu�del�nes 
are per�od�cally updated by panels of HIV experts 
and ava�lable at: http://AIDSinfo.nih.gov.

6. Wortley PM, L�ndegren ML and Flem�ng PL. Successful 
�mplementat�on of per�natal HIV prevent�on 
gu�del�nes. A mult�state surve�llance evaluat�on. 
MMWR Recomm Rep, 2001. 50(RR-6):17-28.

7. European collaborat�ve study. HIV-�nfected pregnant 
women and vert�cal transm�ss�on �n Europe s�nce 
1986. AIDS, 2001. 15(6):761-70.

8. Mandelbrot L, Landreau-Mascaro A, Rekacew�cz C, 
et al. Lam�vud�ne-z�dovud�ne comb�nat�on for 
prevent�on of maternal-�nfant transm�ss�on of HIV-1. 
JAMA, 2001. 285(16):2083-93.

9. Dorenbaum A, Cunn�ngham CK, Gelber RD, et al. 
Two-dose �ntrapartum/newborn nev�rap�ne and 
standard ant�retrov�ral therapy to reduce per�natal 
HIV-1 transm�ss�on: a random�zed tr�al. JAMA, 2002. 
288(2):189-98.

10. Peters V, L�u KL, Dom�nguez K, et al. M�ssed 
opportun�t�es for per�natal HIV prevent�on among 
HIV-exposed �nfants born 1996-2000, ped�atr�c 
spectrum of HIV d�sease cohort. Pediatrics, 2003. 
111(5 Part 2):1186-91.

11. Mofenson LM. Successes and challenges �n the 
per�natal HIV-1 ep�dem�c �n the Un�ted States as 
�llustrated by the HIV-1 Serosurvey of ch�ldbear�ng 
women. Arch Pediatr Adolesc Med, 2004. 
158(5):422-5.

12. Ioann�d�s JP, Abrams EJ, Ammann A, et al. Per�natal 
transmission of human immunodeficiency virus type 
1 by pregnant women w�th RNA v�rus loads <1000 
cop�es/mL. J Infect Dis, 2001. 183(4):539-45.

13. Sperl�ng RS, Shap�ro DE, Coombs RW, et al. Maternal 
v�ral load, z�dovud�ne treatment, and the r�sk of 
transmission of human immunodeficiency virus type 
1 from mother to �nfant. Ped�atr�c AIDS Cl�n�cal 
Tr�als Group Protocol 076 Study Group. N Engl J 
Med, 1996. 335(22):1621-9.

14. Jackson JB, Musoke P, Flem�ng T, et al. Intrapartum 
and neonatal s�ngle-dose nev�rap�ne compared 
w�th z�dovud�ne for prevent�on of mother-to-ch�ld 
transm�ss�on of HIV-1 �n Kampala, Uganda: 18-
month follow-up of the HIVNET 012 random�sed 
tr�al. Lancet, 2003. 362(9387):859-68.

15. Petra Study Team. Efficacy of three short-course 
reg�mens of z�dovud�ne and lam�vud�ne �n prevent�ng 
early and late transm�ss�on of HIV-1 from mother 
to ch�ld �n Tanzan�a, South Afr�ca, and Uganda 
(Petra study): a random�sed, double-bl�nd, placebo-
controlled tr�al. Lancet, 2002. 359(9313):1178-86.

16. Wade NA, B�rkhead GS, Warren BL, et al. Abbrev�ated 
reg�mens of z�dovud�ne prophylax�s and per�natal 
transmission of the human immunodeficiency virus. 
N Engl J Med, 1998. 339(20):1409-14.

17. Moodley D, Moodley J, Coovad�a H, et al. A 
mult�center random�zed controlled tr�al of nev�rap�ne 
versus a comb�nat�on of z�dovud�ne and lam�vud�ne 
to reduce �ntrapartum and early postpartum mother-
to-child transmission of human immunodeficiency 
v�rus type 1. J Infect Dis, 2003. 187(5):725-35.

18. Taha TE, Kumwenda NI, G�bbons A, et al. Short 
postexposure prophylax�s �n newborn bab�es to 
reduce mother-to-ch�ld transm�ss�on of HIV-1: 
NVAZ random�sed cl�n�cal tr�al. Lancet, 2003. 
362(9391):1171-7.

19. Taha TE, Kumwenda NI, Hoover DR, et al. 
Nev�rap�ne and z�dovud�ne at b�rth to reduce 
per�natal transm�ss�on of HIV �n an Afr�can 
sett�ng: a random�zed controlled tr�al. JAMA, 2004. 
292(2):202-9.

References

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17825647
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16741495
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11981365
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=7935654
http://aidsinfo.nih.gov/Guidelines/GuidelineDetail.aspx?MenuItem=Guidelines&Search=Off&GuidelineID=7&ClassID=1
http://AIDSinfo.nih.gov
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15580801
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11371691
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11311097
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=12095383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=12728136
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15123471
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11170978
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=8965861
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=13678973
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11955535
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=9811915
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=12599045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=14568737
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15249569


July 8, 2008

83Recommendations for Use of Antiretroviral Drugs in Pregnant HIV-Infected Women for Maternal Health 
and Interventions to Reduce Perinatal HIV Transmission in the United States

20. Gray GE, Urban M, Chers�ch MF, et al. A random�zed 
tr�al of two postexposure prophylax�s reg�mens to 
reduce mother-to-ch�ld HIV-1 transm�ss�on �n �nfants 
of untreated mothers. AIDS, 2005. 19(12):1289-97.

21. W�ktor SZ, Ekp�n� E, Karon JM, et al. Short-course 
oral z�dovud�ne for prevent�on of mother-to-ch�ld 
transm�ss�on of HIV-1 �n Ab�djan, Côte d’Ivo�re: a 
random�sed tr�al. Lancet, 1999. 353(9155):781-5.

22. Leroy V, Karon JM, Al�oum A, et al. Twenty-four 
month efficacy of a maternal short-course zidovudine 
reg�men to prevent mother-to-ch�ld transm�ss�on of 
HIV-1 �n West Afr�ca. AIDS, 2002. 16(4):631-41.

23. Shaffer N, Chuachoowong R, Mock PA, et al. Short-
course z�dovud�ne for per�natal HIV-1 transm�ss�on 
�n Bangkok, Tha�land: a random�sed controlled tr�al. 
Bangkok Collaborat�ve Per�natal HIV Transm�ss�on 
Study Group. Lancet, 1999. 353(9155):773-80.

24. Lallemant M, Jourda�n G, Le Coeur S, et al. A tr�al of 
shortened z�dovud�ne reg�mens to prevent mother-to-
child transmission of human immunodeficiency virus 
type 1. Per�natal HIV Prevent�on Tr�al (Tha�land) 
Invest�gators. N Engl J Med, 2000. 343(14):982-91.

25. Dabis F, Bequet L, Ekouevi DK, et al. Field efficacy of 
z�dovud�ne, lam�vud�ne and s�ngle-dose nev�rap�ne 
to prevent per�partum HIV transm�ss�on. AIDS, 2005. 
19(3):309-18.

26. Leroy V, Sakarov�tch C, Cort�na-Borja M, et al. Is 
there a difference in the efficacy of peripartum 
ant�retrov�ral reg�mens �n reduc�ng mother-to-
ch�ld transm�ss�on of HIV �n Afr�ca? AIDS, 2005. 
19(16):1865-75.

27. Eshleman SH, Hoover DR, Chen S, et al. Res�stance 
after s�ngle-dose nev�rap�ne prophylax�s emerges �n a 
h�gh proport�on of Malaw�an newborns. AIDS, 2005. 
19(18):2169-9.

28. Lallemant M, Jourda�n G, Le Coeur S, et al. S�ngle-
dose per�natal nev�rap�ne plus standard z�dovud�ne 
to prevent mother-to-ch�ld transm�ss�on of HIV-1 �n 
Tha�land. N Engl J Med, 2004. 351(3):217-28.

29. Shap�ro RL, Th�or I, G�lbert PB, et al. Maternal 
s�ngle-dose nev�rap�ne versus placebo as part of an 
ant�retrov�ral strategy to prevent mother-to-ch�ld HIV 
transm�ss�on �n Botswana. AIDS, 2006. 20(9):1281-8.

30. D�ckover RE, Garratty EM, Herman SA, et al. 
Identification of levels of maternal HIV-1 RNA 
assoc�ated w�th r�sk of per�natal transm�ss�on: effect 
of maternal z�dovud�ne treatment on v�ral load. 
JAMA, 1996. 275(8):599-605.

31. Cao Y, Krogstad P, Korber BT, et al. Maternal HIV-1 
v�ral load and vert�cal transm�ss�on of �nfect�on: The 
Ar�el Project for the prevent�on of HIV transm�ss�on 
from mother to �nfant. Nat Med, 1997. 3(5):549-52.

32. Mayaux MJ, Dussa�x E, Isopet J, et al. Maternal v�rus 
load dur�ng pregnancy and the mother-to-ch�ld 
transmission of human immunodeficiency virus type 
1: the French Per�natal Cohort Stud�es. J Infect Dis, 
1997. 175(1):172-5.

33. Thea DM, Steketee RW, Pl�ner V, et al. The effect 
of maternal v�ral load on the r�sk of per�natal 
transm�ss�on of HIV-1. AIDS, 1997. 11(4):437-44.

34. Shap�ro DE, Sperl�ng RS and Coombs RW. Effect of 
z�dovud�ne on per�natal HIV-1 transm�ss�on and 
maternal v�ral load. Lancet, 1999. 354(9173):156; 
author reply 157-8.

35. Shaffer N, Roongp�suth�pong A, S�r�was�n W, et 
al. Maternal v�rus load and per�natal human 
immunodeficiency virus subtype E transmission, 
Tha�land. J Infect Dis, 1999. 179(3):590-9.

36. Mofenson LM, Lambert JS, St�ehm ER, et al. R�sk 
factors for per�natal transm�ss�on of human 
immunodeficiency virus type 1 in women treated 
w�th z�dovud�ne. Ped�atr�c AIDS Cl�n�cal Tr�als 
Group Study 185 Team. N Engl J Med, 1999. 
341(6):385-93.

37. Garc�a PM, Kal�sh LA, P�tt J, et al. Maternal levels of 
plasma human immunodeficiency virus type 1 RNA 
and the r�sk of per�natal transm�ss�on. N Engl J Med, 
1999. 341(6):394-402.

38. Maternal v�ral load and vert�cal transm�ss�on of HIV-1: 
an �mportant factor but not the only one. Maternal 
v�ral load and vert�cal transm�ss�on of HIV-1: an 
�mportant factor but not the only one. The European 
Collaborat�ve Study. AIDS, 1999. 13(11):1377-85.

39. Mock PA, Shaffer N, Bhadrakom C, et al. Maternal 
v�ral load and t�m�ng of mother-to-ch�ld HIV 
transm�ss�on, Bangkok, Tha�land. Bangkok 
Collaborat�ve Per�natal HIV Transm�ss�on Study 
Group. AIDS, 1999. 13(3):407-14.

40. Hart CE, Lennox JL, Pratt-Palmore M, et al. 
Correlation of human immunodeficiency virus type 
1 RNA levels �n blood and the female gen�tal tract. J 
Infect Dis, 1999. 179(4):871-82.

41. Iversen AK, Larsen AR, Jensen T, et al. D�st�nct 
determinants of human immunodeficiency virus 
type 1 RNA and DNA loads �n vag�nal and cerv�cal 
secret�ons. J Infect Dis, 1998. 177(5):1214-20.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16052084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=10459958
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11873008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=10459957
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11018164
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15718842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16227795
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16284468
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15247338
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16816557
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=8594240
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=9142125
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=8985214
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=9084790
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=10408505
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=9952365
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=10432323
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=10432324
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=10449292
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=10199232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=10068582
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=9593006


July 8, 2008

84Recommendations for Use of Antiretroviral Drugs in Pregnant HIV-Infected Women for Maternal Health 
and Interventions to Reduce Perinatal HIV Transmission in the United States

42. Shaheen F, S�son AV, McIntosh L, et al. Analys�s of 
HIV-1 �n cerv�covag�nal secret�ons and blood of 
pregnant and non-pregnant women. J Hum Virol, 
1999. 2(3):154-66.

43. Rasheed S, L� Z, Xu D, et al. Presence of cell-free 
human immunodeficiency virus in cervicovaginal 
secret�ons �s �ndependent of v�ral load �n the blood of 
human immunodeficiency virus-infected women. Am 
J Obstet Gynecol, 1996. 175(1):122-9.

44. Chuachoowong R, Shaffer N, S�r�was�n W, et al. 
Short-course antenatal z�dovud�ne reduces both 
cervicovaginal human immunodeficiency virus type 
1 RNA levels and r�sk of per�natal transm�ss�on. 
Bangkok Collaborat�ve Per�natal HIV Transm�ss�on 
Study Group. J Infect Dis, 2000. 181(1):99-106.

45. McGowan JP, Crane M, W�zn�a AA, et al. Comb�nat�on 
antiretroviral therapy in human immunodeficiency 
v�rus-�nfected pregnant women. Obstet Gynecol, 
1999. 94(5 Pt 1):641-6.

46. Melv�n AJ, Burchett SK, Watts DH, et al. Effect of 
pregnancy and z�dovud�ne therapy on v�ral load 
�n HIV-1-�nfected women. J Acquir Immune Defic 
Syndr Hum Retrovirol, 1997. 14(3):232-6.

47. Amer�can College of Obstetr�c�ans and Gynecolog�sts. 
ACOG Comm�ttee Op�n�on number 313, September 
2005. The �mportance of preconcept�on care �n the 
cont�nuum of women’s health care. Obstet Gynecol, 
2005. 106(3):665-6.

48. Henshaw SK. Un�ntended pregnancy �n the Un�ted 
States. Fam Plann Perspect, 1998. 30(1):24-9, 46.

49. Johnson K, Posner SF, B�ermann J, et al. 
Recommendat�ons to �mprove preconcept�on health 
and health care--Un�ted States. A report of the CDC/
ATSDR Preconcept�on Care Work Group and the 
Select Panel on Preconcept�on Care. MMWR Recomm 
Rep, 2006. 55(RR-6):1-23.

50. Lampe MA. Human immunodeficiency virus-1 and 
preconcept�on care. Matern Child Health J, 2006. 
10(5 Suppl):S193-5.

51. Centers for D�sease Control and Prevent�on. 
Incorporat�ng HIV Prevent�on �nto the Med�cal 
Care of Persons L�v�ng w�th HIV. MMWR, 2003. 
52(RR12):1-24.

52. Daar ES, Daar JF. Human immunodeficiency virus and 
fert�l�ty care: embark�ng on a path of knowledge and 
access. Fertil Steril, 2006. 85(2):298-300; d�scuss�on 
301.

53. Burns DN, Landesman S, Muenz LR, et al. C�garette 
smok�ng, premature rupture of membranes, and 

vert�cal transm�ss�on of HIV-1 among women w�th 
low CD4+ levels. J Acquir Immune Defic Syndr, 
1994. 7(7):718-26.

54. Turner BJ, Hauck WW, Fann�ng TR, et al. C�garette 
smok�ng and maternal-ch�ld HIV transm�ss�on. J 
Acquir Immune Defic Syndr Human Retrovirol, 1997. 
14(4):327-37.

55. Rodr�guez EM, Mofenson LM, Chang BH, et al. 
Assoc�at�on of maternal drug use dur�ng pregnancy 
w�th maternal HIV culture pos�t�v�ty and per�natal 
HIV transm�ss�on. AIDS, 1996. 10(3):273-82.

56. Bulterys M, Landesman S, Burns DN, et al. Sexual 
behav�or and �nject�on drug use dur�ng pregnancy 
and vert�cal transm�ss�on of HIV-1. J Acquir Immune 
Defic Syndr Human Retrovirol, 1997. 15(1):76-82.

57. Matheson PB, Thomas PA, Abrams EJ, et al. 
Heterosexual behav�or dur�ng pregnancy and 
per�natal transm�ss�on of HIV-1. New York C�ty 
Per�natal HIV Transm�ss�on Collaborat�ve Study 
Group. AIDS, 1996. 10(11):1249-56.

58. CDC. Rev�sed recommendat�ons for HIV test�ng of 
adults, adolescents and pregnant women �n health 
care sett�ngs. MMWR, 2006. 55(RR-14):1-17.

59. CDC. Treat�ng opportun�st�c �nfect�ons among HIV-
�nfected adults and adolescents. MMWR, 2004. 
53(RR-15):1-112. The gu�del�nes are per�od�cally 
updated by panels of HIV experts and ava�lable at: 
http://AIDSinfo.nih.gov.

60. Shap�ro D, Tuomala R, Pollack H, et al. Mother-to ch�ld 
HIV transm�ss�on r�sk accord�ng to ant�retrov�ral 
therapy, mode of del�very, and v�ral load �n 2895 
U.S. women (PACTG 367). 11th Conference on 
Retrov�ruses and Opportun�st�c Infect�ons; February 
8-11, 2004; San Franc�sco, CA. Abstract 99.  

61. Stern JO, Rob�nson PA, Love J, et al. A comprehens�ve 
hepat�c safety analys�s of nev�rap�ne �n d�fferent 
populat�ons of HIV �nfected pat�ents. J Acquir 
Immune Defic Syndr, 2003. 34 (Suppl 1):S21-33.

62. Boehr�nger-Ingelhe�m Pharmaceut�cals Inc. V�ramune 
drug label. Rev�sed August 18, 2007.  

63. Clarke JR, Braganza R, M�rza A, et al. Rap�d 
development of genotyp�c res�stance to lam�vud�ne 
when comb�ned w�th z�dovud�ne �n pregnancy. J Med 
Virol, 1999. 59(3):364-8.

64. Eastman PS, Shap�ro DE, Coombs RW, et al. Maternal 
v�ral genotyp�c z�dovud�ne res�stance and �nfrequent 
fa�lure of z�dovud�ne therapy to prevent per�natal 
transmission of human immunodeficiency virus type 
1 �n Ped�atr�c AIDS Cl�n�cal Tr�al Group Protocol 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=10413367
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=8694037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=10608756
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=10546703
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=9117455
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16135611
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=9494812
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16617292
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16832609
http://www.aidsinfo.nih.gov/Guidelines/GuidelineDetail.aspx?MenuItem=Guidelines&Search=Off&GuidelineID=15&ClassID=4
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16595202
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=7911527
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=9111474
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=8882667
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=9215658
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=8883587
http://aidsinfo.nih.gov/Guidelines/GuidelineDetail.aspx?MenuItem=Guidelines&Search=Off&GuidelineID=14&ClassID=4
http://AIDSinfo.nih.gov
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=14562855
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=10502270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=9498432


July 8, 2008

85Recommendations for Use of Antiretroviral Drugs in Pregnant HIV-Infected Women for Maternal Health 
and Interventions to Reduce Perinatal HIV Transmission in the United States

076. J Infect Dis, 1998. 177(3):557-64.

65. McMahon M, J�lek B, Brennan T, et al. The ant�-
hepat�t�s B drug entecav�r �nh�b�ts HIV-1 repl�cat�on 
and selects HIV-1 var�ants res�stant to ARV drugs.  
14th Conference on Retrov�ruses and Opportun�st�c 
Infect�ons;  February 25-26 2007; Los Angeles, CA. 
Abstract 136LB.  

66. Thomas SL, Newell ML, Peckham CS, et al. A rev�ew 
of hepat�t�s C v�rus (HCV) vert�cal transm�ss�on: 
r�sks of transm�ss�on to �nfants born to mothers 
w�th and w�thout HCV v�raem�a or human 
immunodeficiency virus infection. Int J Epidemiol, 
1998. 27(1):108-17.

67. Boskov�c R, W�de R, Wolp�n J, et al. The reproduct�ve 
effects of beta �nterferon therapy �n pregnancy: a 
long�tud�nal cohort. Neurology, 2005. 65(6):807-11.

68. Sooko�an S. Effect of pregnancy on pre-ex�st�ng l�ver 
d�sease: chron�c v�ral hepat�t�s. Ann Hepatol, 2006. 
5(3):190-7.

69. Pol�s CB, Shah SN, Johnson KE, et al. Impact of 
maternal HIV co�nfect�on on the vert�cal transm�ss�on 
of hepat�t�s C v�rus: a meta-analys�s. Clin Infect Dis, 
2007. 44(8):1123-31.

70. European Paed�atr�c Hepat�t�s C V�rus Network. A 
significant sex--but not elective cesarean section--
effect on mother-to-ch�ld transm�ss�on of hepat�t�s C 
v�rus �nfect�on. J Infect Dis, 2005. 192(11):1872-9.

71. Hershow RC, R�ester KA, Lew J, et al. Increased 
vertical transmission of human immunodeficiency 
v�rus from hepat�t�s C v�rus-co�nfected mothers. 
Women and Infants Transm�ss�on Study. J Infect Dis, 
1997. 176(2):414-20.

72. McIntyre PG, Tosh K and McGu�re W. Caesarean 
sect�on versus vag�nal del�very for prevent�ng mother 
to �nfant hepat�t�s C v�rus transm�ss�on. Cochrane 
Database Syst Rev, 2006. 18(4):CD005546.

73. European Paed�atr�c Hepat�t�s C V�rus Network. Effects 
of mode of del�very and �nfant feed�ng on the r�sk 
of mother-to-ch�ld transm�ss�on of hepat�t�s C v�rus. 
European Paed�atr�c Hepat�t�s C V�rus Network. 
BJOG, 2001. 108(4):371-7.

74. Nat�onal Inst�tutes of Health Consensus Development 
Conference statement Management of Hepat�t�s C: 
2002 June 10-12, 2002. HIV Clin Trials, 4(1):55-75.

75. Cressey TR, Jourda�n G, Lallemant MJ, et al. 
Pers�stence of nev�rap�ne exposure dur�ng the 
postpartum per�od after �ntrapartum s�ngle-dose 
nev�rap�ne �n add�t�on to z�dovud�ne prophylax�s 
for the prevent�on of mother-to-ch�ld transm�ss�on 

of HIV-1. J Acquir Immune Defic Syndr, 2005. 
38(3):283-8.

76. Mack�e NE, F�dler S, Tamm N, et al. Cl�n�cal 
�mpl�cat�ons of stopp�ng nev�rap�ne-based 
ant�retrov�ral therapy: relat�ve pharmacok�net�cs 
and avo�dance of drug res�stance. HIV Med, 2004. 
5(3):180-4.

77. Nolan M, Fowler MG and Mofenson LM. Ant�retrov�ral 
prophylax�s of per�natal HIV-1 transm�ss�on and the 
potent�al �mpact of ant�retrov�ral res�stance. J Acquir 
Immune Defic Syndr, 2002. 30(2):216-29.

78. Sad�q ST, Freder�cks S, Khoo SH, et al. Efav�renz 
detectable �n plasma 8 weeks after stopp�ng therapy 
and subsequent development of non-nucleos�de 
reverse transcr�ptase �nh�b�tor-assoc�ated res�stance. 
AIDS, 2005. 19(15):1716-7.

79. R�baudo HJ, Haas DW, T�erney C, et al. 
Pharmacogenet�cs of plasma efav�renz exposure after 
treatment d�scont�nuat�on: an Adult AIDS Cl�n�cal 
Tr�als Group Study. Clin Infect Dis, 2006. 42(3):401-
7.

80. European Collaborat�ve Study, Patel D, Cort�na-Borja 
M, et al. T�me to undetectable v�ral load after h�ghly 
act�ve ant�retrov�ral therapy �n�t�at�on among HIV-
�nfected pregnant women. Clin Infect Dis, 2007. 
44(12):1647-56.

81. M�ott� PG, L�omba G, Dallabetta GA, et al. T 
lymphocyte subsets dur�ng and after pregnancy: 
analysis in human immunodeficiency virus type 1-
�nfected and -un�nfected Malaw�an mothers. J Infect 
Dis, 1992. 165(6):1116-9.

82. Tuomala RE, Kal�sh LA, Zor�lla C, et al. Changes �n 
total, CD4+, and CD8+ lymphocytes dur�ng pregnancy 
and 1 year postpartum in human immunodeficiency 
v�rus-�nfected women. The Women and Infants 
Transm�ss�on Study. Obstet Gynecol, 1997. 
89(6):967-74.

83. Bennett KA, Crane JM, O’shea P, et al. F�rst tr�mester 
ultrasound screen�ng �s effect�ve �n reduc�ng postterm 
labor �nduct�on rates: a random�zed controlled tr�al. 
Am J Obstet Gynecol, 2004. 190(4):1077-81.

84. ACOG Comm�ttee on Pract�ce Bullet�ns. ACOG 
Pract�ce Bullet�n No. 58. Ultrasonography �n 
pregnancy. Obstet Gynecol, 2004. 104(6):1449-58.

85. M�nkoff H, Augenbraun M. Ant�retrov�ral therapy 
for pregnant women. Am J Obstet Gynecol, 1997. 
176(2):478-89.

86. M�lls JL. Protect�ng the embryo from X-rated drugs. N 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=9563703
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16186517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17060881
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17366462
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16267757
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=9237706
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17054264
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11305543
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=12577198
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15735445
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15139985
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=12045685
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16184054
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16392089
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17516411
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=1583330
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=9170476
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15118645
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15572512
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=9065202
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=7777019


July 8, 2008

86Recommendations for Use of Antiretroviral Drugs in Pregnant HIV-Infected Women for Maternal Health 
and Interventions to Reduce Perinatal HIV Transmission in the United States

Engl J Med, 1995. 333(2):124-5.

87. N�ght�ngale SL. From the Food and Drug 
Adm�n�strat�on. JAMA, 1998. 280(17):1472.

88. Ant�retrov�ral Pregnancy Reg�stry Steer�ng Comm�ttee. 
Ant�retrov�ral pregnancy reg�stry �nternat�onal 
�nter�m report for 1 Jan 1989 - 31 January 2007. 
W�lm�ngton, NC: Reg�stry Coord�nat�ng Center; 
2004. Ava�lable from URL: http://www.APRegistry.
com.  

89. Br�stol-Myers Squ�bb Company. Sust�va drug level.  
Rev�sed  January 4, 2007.  

90. Lorenz� P, Sp�cher VM, Laubereau B, et al. 
Ant�retrov�ral therap�es �n pregnancy: maternal, fetal 
and neonatal effects. Sw�ss HIV Cohort Study, the 
Sw�ss Collaborat�ve HIV and Pregnancy Study, and 
the Sw�ss Neonatal HIV Study. AIDS, 1998. 12(18):
F241-7.

91. European Collaborat�ve Study, Study SMaCHC. 
Comb�nat�on ant�retrov�ral therapy and durat�on of 
pregnancy. AIDS, 2000. 14(18):2913-20.

92. Thorne C, Patel D and Newell ML. Increased r�sk of 
adverse pregnancy outcomes �n HIV-�nfected women 
treated w�th h�ghly act�ve ant�retrov�ral therapy �n 
Europe. AIDS, 2004. 18(17):2337-9.

93. Tuomala RE, Shap�ro DE, Mofenson LM, et al. 
Ant�retrov�ral therapy dur�ng pregnancy and the 
r�sk of an adverse outcome. N Engl J Med, 2002. 
346(24):1863-70.

94. Tuomala RE, Watts DH, L� D, et al. Improved obstetr�c 
outcomes and few maternal tox�c�t�es are assoc�ated 
w�th ant�retrov�ral therapy, �nclud�ng h�ghly act�ve 
ant�retrov�ral therapy dur�ng pregnancy. J Acquir 
Immune Defic Syndr, 2005. 38(4):449-73.

95. Szyld EG, Warley EM, Fre�man�s L, et al. Maternal 
ant�retrov�ral drugs dur�ng pregnancy and �nfant 
low b�rth we�ght and preterm b�rth. AIDS, 2006. 
20(18):2345-53.

96. Cotter AM, Garc�a AG, Duthely ML, et al. Is 
ant�retrov�ral therapy dur�ng pregnancy assoc�ated 
w�th an �ncreased r�sk of preterm del�very, low b�rth 
we�ght, or st�llb�rth? J Infect Dis, 2006. 193(9):1195-
201.

97. Kourt�s AP, Schm�d CH, Jam�eson DJ, et al. Use of 
ant�retrov�ral therapy �n pregnant HIV-�nfected 
women and the r�sk of premature del�very: a meta-
analys�s. AIDS, 2007. 21(5):607-15.

98. Kontor�n�s N, D�eter�ch DT. Tox�c�ty of non-nucleos�de 
analogue reverse transcr�ptase �nh�b�tors. Semin Liver 
Dis, 2003. 23(2):173-82.

99. Mazhude C, Jones S, Murad S, et al. Female sex but 
not ethn�c�ty �s a strong pred�ctor of non-nucleos�de 
reverse transcr�ptase �nh�b�tor-�nduced rash. AIDS, 
2002. 16(11):1566-8.

100. Bersoff-Matcha SJ, M�ller WC, Aberg JA, et al. Sex 
d�fferences �n nev�rap�ne rash. Clin Infect Dis, 2001. 
32(1):124-9.

101. Knudtson E, Para M, Boswell H, et al. Drug rash w�th 
eos�noph�l�a and system�c symptoms syndrome and 
renal tox�c�ty w�th a nev�rap�ne-conta�n�ng reg�men 
in a pregnant patient with human immunodeficiency 
v�rus. Obstet Gynecol, 2003. 101(5 Pt 2):1094-7.

102. Baylor MS, Johann-L�ang R. Hepatotox�c�ty 
assoc�ated w�th nev�rap�ne use. J Acquir Immune 
Defic Syndr, 2004. 35(5):538-9.

103. Imper�ale SM, Stern JO, Love JT, et al. The 
VIRAMUNE (nev�rap�ne) hepat�c safety project: 
analys�s of symptomat�c hepat�c events. 4th 
Internat�onal Workshop on Adverse Events and 
L�podystrophy �n HIV; September 22-25, 2002; San 
D�ego, CA. Abstract 87.  

104. Lyons F, Hopk�ns S, Kelleher B, et al. Maternal 
hepatotox�c�ty w�th nev�rap�ne as part of comb�nat�on 
ant�retrov�ral therapy �n pregnancy. HIV Med, 2006. 
7(4):255-60.

105. H�tt� J, Frenkel LM, Stek AM, et al. Maternal tox�c�ty 
w�th cont�nuous nev�rap�ne �n pregnancy: results 
from PACTG 1022. J Acquir Immune Defic Syndr, 
2004. 36(3):772-6.

106. Food and Drug Adm�n�strat�on. FDA Publ�c Health 
Adv�sory: reports of d�abetes and hyperglycem�a �n 
pat�ents rece�v�ng protease �nh�b�tors for treatment 
of human immunodeficiency virus (HIV). Food 
and Drug Adm�n�strat�on, Publ�c Health Serv�ce, 
Department of Health and Human Serv�ces. 
Rockv�lle, MD: June 11, 1997.  http://www.fda.gov/
cder/news/proteaseletter.htm

107. V�snegarwala F, Krause KL and Musher DM. Severe 
d�abetes assoc�ated w�th protease �nh�b�tor therapy. 
Ann Intern Med, 1997. 127(10):947.

108. Eastone JA, Decker CF. New-onset d�abetes mell�tus 
assoc�ated w�th use of protease �nh�b�tor. Ann Intern 
Med, 1997. 127(10):948.

109. Dube MP, Sattler FR. Metabol�c compl�cat�ons of 
ant�retrov�ral therap�es. AIDS Clin Care, 1998. 
10(6):41-4.

110. Chma�t R, Frankl�n P, Spector SA, et al. Protease 
�nh�b�tors and decreased b�rth we�ght �n HIV-�nfected 
pregnant women w�th �mpa�red glucose tolerance. J 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=9809716
http://www.APRegistry.com
http://www.APRegistry.com
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=9875571
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11398741
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15577551
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=12063370
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15764963
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17117021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16586354
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17314523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=12800070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=12131201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11118391
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=12738113
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15021321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16630038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15213559
http://www.fda.gov/cder/news/proteaseletter.htm
http://www.fda.gov/cder/news/proteaseletter.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=9382374
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=9382376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11365497
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=12082471


July 8, 2008

87Recommendations for Use of Antiretroviral Drugs in Pregnant HIV-Infected Women for Maternal Health 
and Interventions to Reduce Perinatal HIV Transmission in the United States

Perinatol, 2002. 22(5):370-3.

111. D�nsmoor MJ, Forrest ST. Lack of an effect of 
protease �nh�b�tor use on glucose tolerance dur�ng 
pregnancy. Infect Dis Obstet Gynecol, 2002. 
10(4):187-91.

112. Tang JH, Sheffield JS, Grimes J, et al. Effect of 
protease �nh�b�tor therapy on glucose �ntolerance �n 
pregnancy. Obstet Gynecol, 2006. 107(5):1115-9.

113. Watts DH, Balasubraman�an R, Maup�n RT, Jr., et 
al. Maternal tox�c�ty and pregnancy compl�cat�ons 
in human immunodeficiency virus-infected women 
rece�v�ng ant�retrov�ral therapy: PACTG 316. Am J 
Obstet Gynecol, 2004. 190(2):506-16.

114. H�tt� J, Andersen J, McComsey G, et al. Protease 
�nh�b�tor-based ant�retrov�ral therapy and glucose 
tolerance �n pregnancy: AIDS Cl�n�cal Tr�als Group 
A5084. Am J Obstet Gynecol, 2007. 196(4):331.e1-7.

115. Br�nkman K, ter Hofstede HJ, Burger DM, et al. 
Adverse effects of reverse transcr�ptase �nh�b�tors: 
m�tochondr�al tox�c�ty as common pathway. AIDS, 
1998. 12(14):1735-44.

116. B�rkus G, H�tchcock MJ and C�hlar T. Assessment 
of m�tochondr�al tox�c�ty �n human cells treated 
w�th tenofov�r: compar�son w�th other nucleos�de 
reverse transcr�ptase �nh�b�tors. Antimicrob Agents 
Chemother, 2002. 46(3):716-23.

117. Curr�er JS. Sex d�fferences �n ant�retrov�ral therapy 
tox�c�ty: lact�c ac�dos�s, stavud�ne, and women. Clin 
Infect Dis, 2007. 45(2):261-2.

118. Bolhaar MG, Karstaedt AS. A h�gh �nc�dence of 
lact�c ac�dos�s and symptomat�c hyperlactatem�a �n 
women rece�v�ng h�ghly act�ve ant�retrov�ral therapy 
�n Soweto, South Afr�ca. Clin Infect Dis, 2007. 
45(2):254-60.

119. Ibdah JA, Bennett MJ, R�naldo P, et al. A fetal fatty-
ac�d ox�dat�on d�sorder as a cause of l�ver d�sease �n 
pregnant women. N Engl J Med, 1999. 340(22):1723-
31.

120. Strauss AW, Bennett MJ, R�naldo P, et al. Inher�ted 
long-cha�n 3-hydroxyacyl-CoA dehydrogenase 
deficiency and a fetal-maternal interaction cause 
maternal l�ver d�sease and other pregnancy 
compl�cat�ons. Semin Perinatol, 1999. 23(2):100-12.

121. S�ms HF, Brackett JC, Powell CK, et al. The molecular 
bas�s of ped�atr�c long-cha�n 3-hydroxyacyl Co-A 
dehydrogenase deficiency associated with maternal 
acute fatty l�ver of pregnancy. Proc Natl Acad Sci 
USA, 1995. 92(3):841-5.

122. Ibdah JA, Yang Z and Bennett MJ. L�ver d�sease �n 

pregnancy and fetal fatty ac�d ox�dat�on defects. Mol 
Genet Metab, 2000. 71(1-2):182-9.

123. Fle�scher R, Boxwell D and Sherman KE. Nucleos�de 
analogues and m�tochondr�al tox�c�ty. Clin Infect Dis, 
2004. 38(8):e79-80.

124. Luzzati R, Del Bravo P, Di Perri G, et al. Riboflavine 
and severe lact�c ac�dos�s. Lancet, 1999. 
353(9156):901-2.

125. Br�stol-Myers Squ�bb Company. Healthcare Prov�der 
Important Drug Warn�ng Letter. January 5, 2001.  

126. Sarner L, Fakoya A. Acute onset lact�c ac�dos�s and 
pancreat�t�s �n the th�rd tr�mester of pregnancy 
�n HIV-1 pos�t�ve women tak�ng ant�retrov�ral 
med�cat�on. Sex Transm Infect, 2002. 78(1):58-9.

127. Mandelbrot L, Kermarrec N, Marcollet A, et al. Case 
report: nucleos�de analogue-�nduced lact�c ac�dos�s 
�n the th�rd tr�mester of pregnancy. AIDS, 2003. 
17(2):272-3.

128. Blanche S, Tard�eu M, Rust�n P, et al. Pers�stent 
m�tochondr�al dysfunct�on and per�natal exposure to 
ant�retrov�ral nucleos�de analogues. Lancet, 1999. 
354(9184):1084-9.

129. Barret B, Tard�eu M, Rust�n P, et al. Pers�stent 
m�tochondr�al dysfunct�on �n HIV-1-exposed but 
un�nfected �nfants: cl�n�cal screen�ng �n a large 
prospect�ve cohort. AIDS, 2003. 17(12):1769-85.

130. Landreau-Mascaro A, Barret B, Mayaux MJ, et 
al. R�sk of early febr�le se�zure w�th per�natal 
exposure to nucleos�de analogues. Lancet, 2002. 
359(9306):583-4.

131. Le Chenadec J, Mayaux MJ, Gu�henneuc-Jouyaux 
C, et al. Per�natal ant�retrov�ral treatment and 
hematopo�es�s �n HIV-un�nfected �nfants. AIDS, 
2003. 17(14):2053-61.

132. Po�r�er MC, D�v� RL, Al-Harth� L, et al. Long-term 
m�tochondr�al tox�c�ty �n HIV-un�nfected �nfants born 
to HIV-�nfected mothers. J Acquir Immune Defic 
Syndr, 2003. 33(2):175-83.

133. D�v� RL, Leonard SL, Kuo MM, et al. 
Transplacentally exposed human and monkey 
newborn �nfants show s�m�lar ev�dence of nucleos�de 
reverse transcr�ptase �nh�b�tor-�nduced m�tochondr�al 
tox�c�ty. Environ Mol Mutagen, 2007. 48(3-4):201-9.

134. G�aqu�nto C, De Romeo A, G�acomet V, et al. Lact�c 
ac�d levels �n ch�ldren per�natally treated w�th 
ant�retrov�ral agents to prevent HIV transm�ss�on. 
AIDS, 2001. 15(8):1074-5.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=12648312
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16648418
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=14981398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17403409
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=9792373
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11850253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17578789
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17578788
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=10352164
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=10331463
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=7846063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11001809
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15095236
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=10093992
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11872862
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=12545093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=10509500
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=12891063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11867117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=14502008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=12794551
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16538687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11399997


July 8, 2008

88Recommendations for Use of Antiretroviral Drugs in Pregnant HIV-Infected Women for Maternal Health 
and Interventions to Reduce Perinatal HIV Transmission in the United States

135. Sperl�ng RS, Shap�ro DE, McSherry GD, et al. Safety 
of the maternal-�nfant z�dovud�ne reg�men ut�l�zed �n 
the Ped�atr�c AIDS Cl�n�cal Tr�als Group 076 Study. 
AIDS, 1998. 12(14):1805-13.

136. The Per�natal Safety Rev�ew Work�ng Group. 
Nucleos�de exposure �n the ch�ldren of HIV-�nfected 
women rece�v�ng ant�retrov�ral drugs: absence of 
clear ev�dence for m�tochondr�al d�sease �n ch�ldren 
who died before 5 years of age in five United 
States cohorts. J Acquir Immune Defic Syndr, 2000. 
25(3):261-8.

137. L�pshultz SE, Easley KA, Orav EJ, et al. Absence of 
card�ac tox�c�ty of z�dovud�ne �n �nfants. Ped�atr�c 
Pulmonary and Card�ac Compl�cat�ons of Vert�cally 
Transm�tted HIV Infect�on Study Group. N Engl J 
Med, 2000. 343(11):759-66.

138. European Collaborat�ve Study. Exposure to 
ant�retrov�ral therapy �n utero or early l�fe: the health 
of un�nfected ch�ldren born to HIV-�nfected women. 
J Acquir Immune Defic Syndr, 2003. 32(4):380-7.

139. Al�ment� A, Forbes JC, Oberlander TF, et al. A 
prospect�ve controlled study of neurodevelopment 
�n HIV-un�nfected ch�ldren exposed to comb�nat�on 
ant�retrov�ral drugs �n pregnancy. Pediatrics, 2006. 
118(4):e1139-45.

140. Brogly SB, Yl�talo N, Mofenson LM, et al. In utero 
nucleos�de reverse transcr�ptase �nh�b�tor exposure 
and s�gns of poss�ble m�tochondr�al dysfunct�on �n 
HIV-un�nfected ch�ldren. AIDS, 2007. 21(8):929-38.

141. Hank�n C, Lyall H, Peckham C, et al. Mon�tor�ng 
death and cancer �n ch�ldren born to HIV-�nfected 
women �n England and Wales: use of HIV 
surve�llance and nat�onal rout�ne data. AIDS, 2007. 
21(7):867-9.

142. Pacheco SE, McIntosh K, Lu M, et al. Effect of 
per�natal ant�retrov�ral drug exposure on hematolog�c 
values �n HIV-un�nfected ch�ldren: An analys�s of the 
women and �nfants transm�ss�on study. J Infect Dis, 
2006. 194(8):1089-97.

143. European Collaborat�ve Study. Levels and patterns 
of neutrophil cell counts over the first 8 years of life 
�n ch�ldren of HIV-1-�nfected mothers. AIDS, 2004. 
18(15):2009-17.

144. Bunders M, Thorne C, Newell ML, et al. Maternal 
and �nfant factors and lymphocyte, CD4 and CD8 
cell counts �n un�nfected ch�ldren of HIV-1-�nfected 
mothers. AIDS, 2005. 19(10):1071-9.

145. Morr�s AA, Carr A. HIV nucleos�de analogues: new 
adverse effects on m�tochondr�a? Lancet, 1999. 
354(9184):1046-7.

146. Pao D, Andrady U, Clarke J, et al. Long-term 
pers�stence of pr�mary genotyp�c res�stance after 
HIV-1 seroconvers�on. J Acquir Immune Defic Syndr, 
2004. 37(5):1570-3.

147. Barbour JD, Hecht FM, Wr�n T, et al. Pers�stence 
of pr�mary drug res�stance among recently HIV-1-
�nfected adults. AIDS, 2004. 18(12):1683-9.

148. Ghosn J, Pellegr�n I, Goujard C, et al. HIV-1 res�stant 
stra�ns acqu�red at the t�me of pr�mary �nfect�on 
mass�vely fuel the cellular reservo�r and pers�st for 
lengthy per�ods of t�me. AIDS, 2006. 20(2):159-70.

149. Novak RM, Chen L, MacArthur RD, et al. Prevalence 
of ant�retrov�ral drug res�stance mutat�ons �n 
chron�cally HIV-�nfected, treatment-na�ve pat�ents: 
�mpl�cat�ons for rout�ne res�stance screen�ng before 
�n�t�at�on of ant�retrov�ral therapy. Clin Infect Dis, 
2005. 40(3):468-74.

150. We�nstock HS, Za�d� I, Hene�ne W, et al. The 
ep�dem�ology of ant�retrov�ral drug res�stence among 
drug-naïve HIV-1 �nfected persons �n 10 US c�t�es. J 
Infect Dis, 2004. 189(12):2174-80.

151. Wens�ng AM, van de V�jver D, Angarano G, et al. 
Prevalence of drug-res�stant HIV-1 var�ants �n 
untreated �nd�v�duals �n Europe: �mpl�cat�ons for 
cl�n�cal management. J Infect Dis, 2005. 192(6):958-
66.

152. Metzner KJ, Rauch P, Walter H, et al. Detect�on of 
m�nor populat�ons of drug-res�stant HIV-1 �n acute 
seroconverters. AIDS, 2005. 19(16):1819-25.

153. Derdel�nckx I, Van Laethem K, Maes B, et al. 
Current levels of drug res�stance among therapy-
naïve patients have significant impact on treatment 
response. J Acquir Immune Defic Syndr, 2004. 
37(5):1664-6.

154. Hecht FM, Grant RM. Res�stance test�ng �n drug-naïve 
HIV-�nfected pat�ents: �s �t t�me? Clin Infect Dis, 
2005. 41(9):1324-5.

155. Sax PE, Islam R, Walensky RP, et al. Should 
res�stance test�ng be performed for treatment-naïve 
HIV-�nfected pat�ents? A cost-effect�veness analys�s. 
Clin Infect Dis, 2005. 41(9):1316-23.

156. S�l�c�ano JD, S�l�c�ano RF. A long-term latent reservo�r 
for HIV-1: d�scovery and cl�n�cal �mpl�cat�ons. J 
Antimicrob Chemother, 2004. 54(1):6-9.

157. L�ttle SJ, Holte S, Routy JP, et al. Ant�retrov�ral drug 
res�stance among pat�ents recently �nfected w�th HIV. 
N Engl J Med, 2002. 347(6):385-94.

158. Boden D, Hurley A, Zhang L, et al. HIV-1 drug 
res�stance �n newly �nfected �nd�v�duals. JAMA, 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=9792381
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11115957
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=10984563
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=12640195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16940166
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17457086
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17415042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16991083
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15577622
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15958839
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=10509488
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15577410
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15280779
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16511408
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15668873
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15181563
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16107947
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16227789
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15577426
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16206109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16206108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15163657
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=12167680
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=10501116


July 8, 2008

89Recommendations for Use of Antiretroviral Drugs in Pregnant HIV-Infected Women for Maternal Health 
and Interventions to Reduce Perinatal HIV Transmission in the United States

1999. 282(12):1135-41.

159. R�chman DD, Morton SC, Wr�n T, et al. The 
prevalence of ant�retrov�ral drug res�stance �n the 
Un�ted States. AIDS, 2004. 18(10):1393-401.

160. Juethner SN, W�ll�amson C, R�st�g MB, et al. 
Nonnucleos�de reverse transcr�ptase �nh�b�tor 
res�stance among ant�retrov�ral-na�ve HIV-pos�t�ve 
pregnant women. J Acquir Immune Defic Syndr, 
2003. 32(2):153-6.

161. Shah SS, Crane M, Monaghan K, et al. Genotyp�c 
res�stance test�ng �n HIV-�nfected pregnant women �n 
an urban sett�ng. Int J STD AIDS, 2004. 15(6):384-7.

162. Palumbo P, Holland B, Dobbs T, et al. Ant�retrov�ral 
res�stance mutat�ons among pregnant human 
immunodeficiency virus type 1-infected women 
and the�r newborns �n the Un�ted States: vert�cal 
transm�ss�on and clades. J Infect Dis, 2001. 
184(9):1120-6.

163. Cunn�ngham CK, Cha�x ML, Rekacew�cz C, et al. 
Development of res�stance mutat�ons �n women 
rece�v�ng standard ant�retrov�ral therapy who 
rece�ved �ntrapartum nev�rap�ne to prevent per�natal 
human immunodeficiency virus type 1 transmission: 
a substudy of ped�atr�c AIDS cl�n�cal tr�als group 
protocol 316. J Infect Dis, 2002. 186(2):181-8.

164. European Collaborat�ve Study. Mother-to-ch�ld 
transm�ss�on of HIV �nfect�on �n the era of h�ghly 
act�ve ant�retrov�ral therapy. Clin Infect Dis, 2005. 
40(3):458-65.

165. Welles SL, P�tt J, Colgrove R, et al. HIV-1 genotyp�c 
z�dovud�ne drug res�stance and the r�sk of maternal-
-�nfant transm�ss�on �n the women and �nfants 
transm�ss�on study. The Women and Infants 
Transm�ss�on Study Group. AIDS, 2000. 14(3):263-
71.

166. Kully C, Yerly S, Erb P, et al. Codon 215 mutat�ons 
in human immunodeficiency virus-infected pregnant 
women. Sw�ss Collaborat�ve ‘HIV and Pregnancy’ 
Study. J Infect Dis, 1999. 179(3):705-8.

167. S�tn�tskaya Y, Rochford G, R�gaud M, et al. 
Prevalence of the T215Y mutat�on �n human 
immunodeficiency virus type 1-infected pregnant 
women �n a New York cohort, 1995--1999. Clin 
Infect Dis, 2001. 33(1):e3-7.

168. Larbalest�er N, Mullen J, O’Shea S, et al. Drug 
res�stance �s uncommon �n pregnant women w�th 
low v�ral loads tak�ng z�dovud�ne monotherapy to 
prevent per�natal HIV transm�ss�on. AIDS, 2003. 
17(18):2665-71.

169. Chokepha�bulk�t K, Cha�s�lwattana P, Vanprapar N, 
et al. Lack of res�stant mutat�on development after 
rece�v�ng short-course z�dovud�ne plus lam�vud�ne 
to prevent mother-to-ch�ld transm�ss�on. AIDS, 2005. 
19(11):1231-3.

170. Eshleman SH, Mracna M, Guay LA, et al. Select�on 
and fad�ng of res�stance mutat�ons �n women and 
�nfants rece�v�ng nev�rap�ne to prevent HIV-1 
vert�cal transm�ss�on (HIVNET 012). AIDS, 2001. 
15(15):1951-7.

171. Eshleman SH, Guay LA, Mwatha A, et al. 
Character�zat�on of nev�rap�ne res�stance mutat�ons 
�n women w�th subtype A vs. D HIV-1 6-8 weeks 
after s�ngle-dose nev�rap�ne (HIVNET 012). J Acquir 
Immune Defic Syndr, 2004. 35(2):126-30.

172. Sull�van J. South Afr�can Intrapartum Nev�rap�ne 
Tr�al: select�on of res�stance mutat�ons.  XIV 
Internat�onal Conference on AIDS; July 7-12, 2002; 
Barcelona, Spa�n. Abstract LbPeB9024.  

173. Jourda�n G, Ngo-G�ang-Huong N, Le Coeur S, et al. 
Intrapartum exposure to nev�rap�ne and subsequent 
maternal responses to nev�rap�ne-based ant�retrov�ral 
therapy. N Engl J Med, 2004. 351(3):229-40.

174. Lyons FE, Coughlan S, Byrne CM, et al. Emergence 
of ant�retrov�ral res�stance �n HIV-pos�t�ve women 
rece�v�ng comb�nat�on ant�retrov�ral therapy �n 
pregnancy. AIDS, 2005. 19(1):63-7.

175. Eshleman SH, Becker-Pergola G, Deseyve M, et al. 
Impact of human immunodeficiency virus type 1 
(HIV-1) subtype on women rece�v�ng s�ngle-dose 
nev�rap�ne prophylax�s to prevent HIV-1 vert�cal 
transm�ss�on (HIV network for prevent�on tr�als 012 
study). J Infect Dis, 2001. 184(7):914-7.

176. Serva�s J, Lambert C, Kar�ta E, et al. HIV type 1 pol 
gene d�vers�ty and arch�ved nev�rap�ne res�stance 
mutat�on �n pregnant women �n Rwanda. AIDS Res 
Hum Retroviruses, 2004. 20(3):279-83.

177. Eshleman SH, Guay LA, Mwatha A, et al. Compar�son 
of nev�rap�ne (NVP) res�stance �n Ugandan women 7 
days vs. 6-8 weeks after s�ngle-dose nvp prophylax�s: 
HIVNET 012. AIDS Res Hum Retroviruses, 2004. 
20(6):595-9.

178. Eshleman SH, Hoover DR, Chen S, et al. Nev�rap�ne 
(NVP) res�stance �n women w�th HIV-1 subtype 
C, compared w�th subtypes A and D, after the 
adm�n�strat�on of s�ngle-dose NVP. J Infect Dis, 
2005. 192(1):30-6.

179. Johnson JA, L� JF, Morr�s L, et al. Emergence of 
drug-res�stant HIV-1 after �ntrapartum adm�n�strat�on 
of s�ngle-dose nev�rap�ne �s substant�ally 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15199315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=12571524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15186583
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11598834
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12134253&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15668871
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10716502&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9952382&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11389511&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=14685064
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=abstractplus&list_uids=15990579&query_hl=49&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11600822&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=14722443
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15247339
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15627034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=Abstract&list_uids=11509999&query_hl=21&itool=pubmed_DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=Abstract&list_uids=15117451&query_hl=24&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=Abstract&list_uids=15242535&query_hl=21&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=Abstract&list_uids=15942891&query_hl=26&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=Abstract&list_uids=15942889&query_hl=31&itool=pubmed_DocSum


July 8, 2008

90Recommendations for Use of Antiretroviral Drugs in Pregnant HIV-Infected Women for Maternal Health 
and Interventions to Reduce Perinatal HIV Transmission in the United States

underest�mated. J Infect Dis, 2005. 192(1):16-23.

180. Flys T, N�ssley DV, Claasen CW, et al. Sens�t�ve drug-
res�stance assays reveal long-term pers�stence of 
HIV-1 var�ants w�th the K103N nev�rap�ne (NVP) 
res�stance mutat�on �n some women and �nfants after 
the adm�n�strat�on of s�ngle-dose NVP: HIVNET 
012. J Infect Dis, 2005. 192(1):24-9.

181. Loubser S, Balfe P, Sherman G, et al. Decay of K103N 
mutants �n cellular DNA and plasma RNA after 
s�ngle-dose nev�rap�ne to reduce mother to ch�ld HIV 
transm�ss�on. AIDS, 2006. 20(7):995-1002.

182. Colgrove RC, P�tt J, Chung PH, et al. Select�ve 
vert�cal transm�ss�on of HIV-1 ant�retrov�ral 
res�stance mutat�ons. AIDS, 1998. 12(17):2281-8.

183. N�jhu�s M, Deeks S and Boucher C. Impl�cat�ons of 
antiretroviral resistance on viral fitness. Curr Opin 
Infect Dis, 2001. 14(1):23-8.

184. Parker M, Wade N, Lloyd RM, Jr., et al. Prevalence 
of genotyp�c drug res�stance among a cohort of HIV-
�nfected newborns. J Acquir Immune Defic Syndr, 
2003. 32(3):292-7.

185. Karchava M, Pulver W, Sm�th L, et al. Prevalence of 
drug-res�stance mutat�ons and non-subtype B stra�ns 
among HIV-�nfected �nfants from New York State. J 
Acquir Immune Defic Syndr, 2006. 42(5):614-9.

186. McConnell MS, Bakak� P, Eure C, et al. Effect�veness 
of Repeat S�ngle-Dose Nev�rap�ne for Prevent�on of 
Mother-to-Ch�ld Transm�ss�on of HIV-1 �n Repeat 
Pregnanc�es, Uganda. J Acquir Immune Defic Syndr, 
2007.(�n press).

187. Mart�nson NA, Ekouev� DK, Dab�s F, et al. 
Transm�ss�on rates �n consecut�ve pregnanc�es 
exposed to s�ngle-dose nev�rap�ne �n Soweto, South 
Afr�ca and Ab�djan, Côte d’Ivo�re. J Acquir Immune 
Defic Syndr, 2007. 45(2):206-9.

188. Bardeguez AD, Shap�ro DE, Mofenson LM, et al. 
Effect of cessat�on of z�dovud�ne prophylax�s to 
reduce vert�cal transm�ss�on on maternal HIV d�sease 
progress�on and surv�val. J Acquir Immune Defic 
Syndr Hum Retrovirol, 2003. 32(2):170-81.

189. Lockman S, Shap�ro RL, Smeaton LM, et al. Response 
to ant�retrov�ral therapy after a s�ngle, per�partum 
dose of nev�rap�ne. N Engl J Med, 2007. 356(2):135-
47.

190. Coovad�a A, Mara�s B, Abrams E, et al. V�rolog�c 
response to NNRTI-treatment among women who 
took s�ngle-dose nev�rap�ne 18-36 months later. 
Presented at the 13th Conference on Retrov�ruses and 
Opportun�st�c Infect�ons; February 2006; Denver, Co. 

Abstract 641.  

191. Rouz�oux C, Costagl�ola D, Burgard M, et al. 
Est�mated t�m�ng of mother to ch�ld human 
immunodeficiency virus type 1 (HIV-1) transmission 
by use of a Markov model. Am J Epidemiol, 1995. 
142(12):1330-7.

192. Kuhn L, Steketee RW, Weedon J, et al. D�st�nct 
r�sk factors for �ntrauter�ne and �ntrapartum 
human immunodeficiency virus transmission and 
consequences for d�sease progress�on �n �nfected 
ch�ldren. J Infect Dis, 1999. 179(1):52-8.

193. Magder LS, Mofenson LM, Paul ME, et al. R�sk 
factors for �n utero and �ntrapartum transm�ss�on of 
HIV. J Acquir Immune Defic Syndr, 2005. 38(1):87-
95.

194. Q�an M, Bu� T, Ho RJY, et al. Metabol�sm of 3’-
az�do-3’-deoxythym�d�ne (AZT) �n human placental 
trophoblasts and hofbauer cells. Biochem Pharmacol, 
1994. 48(2):383-9.

195. Sandberg JA, B�n�enda Z, L�pe G, et al. Placental 
transfer and fetal d�spos�t�on of 2’,3’-d�deoxycyt�d�ne 
and 2’,3’-d�deoxy�nos�ne �n the rhesus monkey. Drug 
Metab Dispos, 1995. 23(8):881-4.

196. Danc�s J, Lee JD, Mendoza S, et al. Transfer and 
metabol�sm of d�deoxy�nos�ne by the perfused 
human placenta. J Acquir Immune Defic Syndr Hum 
Retrovirol, 1993. 6(1):2-6.

197. Sandberg JA, B�n�enda Z, L�pe G, et al. Placental 
transfer and fetal d�spos�t�on of d�deoxycyt�d�ne 
(ddC) and d�deoxy�nos�ne (ddI) [Abstract]. 
Toxicologist, 1994. 14: 434.

198. S�-Mohamed A, Kazatchk�ne MK, Heard I, et al. 
Select�on of drug-res�stant var�ants �n the female 
genital tract of human immunodeficiency virus type 
1-�nfected women rece�v�ng ant�retrov�ral therapy. J 
Infect Dis, 2000. 182(1):112-22.

199. Dumond J, Yeh R, Corbett A, et al. F�rst dose and 
steady state gen�tal tract pharmacok�net�cs of 
ten ant�retrov�ral drugs �n HIV-�nfected women: 
�mpl�cat�ons for pre- and post-exposure prophylax�s. 
Presented at the 13th Conference on Retrov�ruses 
and Opportun�st�c Infect�ons; February 5-8, 2006; 
Denver, Co. Abstract 129.  

200. Vourvah�s M, Tappoun� H, Patterson K, et al. A 
pharmacolog�c bas�s for the use of tenofov�r �n 
pre- and post-exposure prophylax�s: �ntra- and 
extra-cellular gen�tal tract pharmacok�net�cs and 
pharmacodynamics from first dose to steady state 
�n HIV-1-�nfected men and women. Presented at the 
13th Conference on Retrov�ruses and Opportun�st�c 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15942890
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=abstractplus&list_uids=16603851&query_hl=46&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9863870&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=abstractplus&list_uids=11979111&query_hl=38&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=Abstract&list_uids=12626889&query_hl=36&itool=pubmed_DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=16868498&query_hl=9&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17693885
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17438480
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12571527&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17215531
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=Abstract&list_uids=7503054&query_hl=38&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=Abstract&list_uids=9841822&query_hl=41&itool=pubmed_DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=abstractplus&list_uids=15608531&query_hl=40&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8053935&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7493557&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8417171&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=abstractplus&list_uids=10882588&query_hl=36&itool=pubmed_docsum


July 8, 2008

91Recommendations for Use of Antiretroviral Drugs in Pregnant HIV-Infected Women for Maternal Health 
and Interventions to Reduce Perinatal HIV Transmission in the United States

Infect�ons; February 5-8, 2006; Denver, Co. Abstract 
569.  

201. Straz�elle N, Bel�n MF and Ghers�-Egea JF. Choro�d 
plexus contrals bra�n ava�lab�l�ty of ant�-HIV 
nucleos�de analogs v�a pharmacolog�cally �nh�b�table 
organ�c an�on transporters. AIDS, 2003. 17(10):1473-
85.

202. Thomas SA. Ant�-HIV drug d�str�but�on to the central 
nervous system. Curr Pharmaceut Des, 2004. 
10(12):1313-24.

203. McIntyre JA, Mart�nson N, Gray GE, et al. Add�t�on 
of short course Comb�v�r to s�ngle-dose V�ramune 
for the prevent�on of mother to ch�ld transm�ss�on 
of HIV-1 can significantly decrease the subsequent 
development of maternal and paed�atr�c NNRTI-
res�stant v�rus. 3rd Internat�onal AIDS Soc�ety 
Conference on HIV Pathogenes�s and Treatment; July 
24-27, 2005; R�o de Jane�ro. Abstract TuFo0204.  

204. Cha�x ML, Ekouev� DK, Rouet F, et al. Low r�sk of 
nev�rap�ne res�stance mutat�ons �n the prevent�on 
of mother-to-ch�ld transm�ss�on of HIV-1: Agence 
Nat�onale de Recherches sur le SIDA D�trame 
Plus, Ab�djan, Cote d’Ivo�re. J Infect Dis, 2006. 
193(4):482-7.

205. Musoke P, Guay L, Bagenda D, et al. A phase 
I/II study of the safety and pharmacok�net�cs of 
nev�rap�ne �n HIV-1-�nfected pregnant Ugandan 
women and the�r neonates (HIVNET 006). AIDS, 
1999. 13(4):479-86.

206. Zhang H, Dornadula G, Wu Y, et al. K�net�c analys�s 
of �ntrav�r�on reverse transcr�pt�on �n the blood 
plasma of human immunodeficiency virus type 1-
�nfected �nd�v�duals: d�rect assessment of res�stance 
to reverse transcr�ptase �nh�b�tors �n v�vo. J Virol, 
1996. 70(1):628-34.

207. Koup RA, Brewster F, Grob P, et al. Nev�rap�ne 
synerg�st�cally �nh�b�ts HIV-1 repl�cat�on �n 
comb�nat�on w�th z�dovud�ne, �nterferon or CD4 
�mmunoadhes�n. AIDS, 1993. 7(9):1181-4.

208. Amer�can College of Obstetr�c�ans and Gynecolog�sts. 
ACOG pract�ce bullet�n number 47, October 2003: 
Prophylact�c Ant�b�ot�cs �n Labor and Del�very. 
Obstet Gynecol, 2003. 102(4):875-82.

209. ACOG comm�ttee op�n�on scheduled Cesarean 
del�very and the prevent�on of vert�cal transm�ss�on 
of HIV �nfect�on. Number 234, May 2000 (replaces 
number 219, August 1999). Int J Gynaecol Obstet, 
2001 Jun;73(3):279-81.

210. ACOG educat�onal bullet�n. Assessment of fetal lung 
matur�ty. Number 230, November 1996. Comm�ttee 
on Educat�onal Bullet�ns of the Amer�can College 
of Obstetr�c�ans and Gynecolog�sts. Int J Gynaecol 
Obstet, 1997 Feb; 56(2):191-8.

211. ACOG educat�onal bullet�n. Ant�m�crob�al therapy 
for obstetr�c pat�ents. Number 245, March 1998 
(replaces no. 117, June 1988). Amer�can College 
of Obstetr�c�ans and Gynecolog�sts. Int J Gynaecol 
Obstet, 1998 Jun; 61(3):299-308.

212. Par�lla BV, Dooley SL, Jansen RD, et al. Iatrogen�c 
resp�ratory d�stress syndrome follow�ng elect�ve 
repeat cesarean del�very. Obstet Gynecol, 1993. 
81(3):392-5.

213. Madar J, Richmond S and Hey E. Surfactant-deficient 
resp�ratory d�stress after elect�ve del�very at “term”. 
Acta Paediatr, 1999. 88(11):1244-8.

214. Elect�ve caesarean-sect�on versus vag�nal del�very 
�n prevent�on of vert�cal HIV-1 transm�ss�on: 
a random�sed cl�n�cal tr�al. The European 
Mode of Del�very Collaborat�on. Lancet, 1999. 
353(9158):1035-9.

215. K�nd C, Rud�n C, S�egr�st CA, et al. Prevent�on 
of vert�cal HIV transm�ss�on: add�t�ve protect�ve 
effect of elect�ve cesarean sect�on and z�dovud�ne 
prophylax�s. AIDS, 1998. 12(2):205-10.

216. N�elsen TF, Hokegard KH. Postoperat�ve cesarean 
sect�on morb�d�ty: a prospect�ve study. Am J Obstet 
Gynecol, 1983. 146(8):911-5.

217. Hebert PR, Reed G, Entman SS, et al. Ser�ous 
maternal morb�d�ty after ch�ldb�rth: prolonged 
hosp�tal stays and readm�ss�ons. Obstet Gynecol, 
1999. 94(6):942-7.

218. Roman J, Bakos O and Cnatt�ng�us S. Pregnancy 
outcomes by mode of del�very among term breech 
b�rths:  Swed�sh exper�ence 1987-1993. Obstet 
Gynecol, 1998. 92(6):945-50.

219. Gregory KD, Henry OA, Ram�cone E, et al. Maternal 
and �nfant compl�cat�ons �n h�gh and normal we�ght 
�nfants by method of del�very. Obstet Gynecol, 1998. 
92(4 Pt 1):507-13.

220. Sch�ff E, Fr�edman SA, Mash�ach S, et al. Maternal 
and neonatal outcome of 846 term s�ngleton breech 
del�ver�es: seven-year exper�ence at a s�ngle center. 
Am J Obstet Gynecol, 1996. 175(1):18-23.

221. van Ham MA, van Dongen PW and Mulder J. 
Maternal consequences of caesarean sect�on.  
A retrospect�ve study of �ntra-operat�ve and 
postoperat�ve maternal compl�cat�ons of caesarean 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=abstractplus&list_uids=12824785&query_hl=34&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=abstractplus&list_uids=15134483&query_hl=31&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=abstractplus&list_uids=16425126&query_hl=29&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10197376&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8523584&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7692883&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=14551023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11424912&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9061400&dopt=Abstract
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9688495&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8437793&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10591427&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10199349&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9468370&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6881224&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10576180&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9840555&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9764620&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8694048&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9243191&dopt=Abstract


July 8, 2008

92Recommendations for Use of Antiretroviral Drugs in Pregnant HIV-Infected Women for Maternal Health 
and Interventions to Reduce Perinatal HIV Transmission in the United States

sect�on dur�ng a 10-year per�od. Eur J Obstet 
Gynecol Repro Biol, 1997. 74(1):1-6.

222. McMahon MJ, Luther ER, Bowes WA, Jr., et al. 
Compar�son of a tr�al of labor w�th an elect�ve second 
cesarean sect�on. N Engl J Med, 1996. 335(10):689-
95.

223. Read JS, Tuomala R, Kpamegan E, et al. Mode 
of del�very and postpartum morb�d�ty among 
HIV-�nfected women: the Women and Infants 
Transm�ss�on Study. J Acquir Immune Defic Syndr, 
2001. 26(3):236-45.

224. Marcollet A, Goffinet F, Firtion G, et al. Differences 
�n postpartum morb�d�ty �n women who are �nfected 
with the human immunodeficiency virus after 
elect�ve cesarean del�very, emergency cesarean 
del�very, or vag�nal del�very. Am J Obstet Gynecol, 
2002. 186(4):784-9.

225. F�ore S, Newell ML, Thorne C, et al. H�gher rates of 
post-partum compl�cat�ons �n HIV-�nfected than �n 
un�nfected women �rrespect�ve of mode of del�very. 
AIDS, 2004. 18(6):933-8.

226. Sempr�n� AE, Castagna C, Rav�zza M, et al. The 
�nc�dence of compl�cat�ons after caesarean sect�on �n 
156 HIV-pos�t�ve women. AIDS, 1995. 9(8):913-7.

227. Grubert TA, Re�ndell D, Kastner R, et al. 
Compl�cat�ons after caesarean sect�on �n HIV-1-
�nfected women not tak�ng ant�retrov�ral treatment. 
Lancet, 1999. 354(9190):1612-3.

228. Ma�ques-Montes�nos V, Cervera-Sanchez J, Bellver-
Pradas J, et al. Post-cesarean sect�on morb�d�ty �n 
HIV-pos�t�ve women. Acta Obstet Gynecol Scand, 
1999. 78(9):789-92.

229. V�mercat� A, Greco P, Loverro G, et al. Maternal 
compl�cat�ons after caesarean sect�on �n HIV �nfected 
women. Europ J Obstet Gynecol Reprod Biol, 2000. 
90(1):73-6.

230. Rodr�guez EJ, Spann C, Jam�eson D, et al. 
Postoperat�ve morb�d�ty assoc�ated w�th cesarean 
delivery among human immunodeficiency virus-
seropos�t�ve women. Am J Obstet Gynecol, 2001. 
184(6):1108-11.

231. Urban� G, de Vr�es MMJ, Cronje HS, et al. 
Compl�cat�ons assoc�ated w�th cesarean sect�on �n 
HIV-�nfected pat�ents. Internatl J Gynecol Obstet, 
2001. 74(1):9-15.

232. Av�dan MS, Groves P, Blott M, et al. Low 
compl�cat�on rate assoc�ated w�th cesarean sect�on 
under sp�nal anesthes�a for HIV-1-�nfected women 
on ant�retrov�ral therapy. Anesthesiology, 2002. 

97(2):320-4.

233. Panburana P, Phauprad�t W, Tant�s�r�n O, et al. 
Maternal compl�cat�ons after Caesarean sect�on �n 
HIV-�nfected pregnant women. Aust N Z J Obstet 
Gynaecol, 2003. 43(2):160-3.

234. Ferrero S, Bent�vogl�o G. Post-operat�ve 
compl�cat�ons after caesarean sect�on �n HIV-�nfected 
women. Arch Gynecol Obstet, 2003. 268(4):268-73.

235. Mandelbrot L, Mayaux MJ, Bonga�n A, et al. Obstetr�c 
factors and mother-to-ch�ld transm�ss�on of human 
immunodeficiency virus type 1: The French Perinatal 
Cohorts.  SEROGEST French Ped�atr�c HIV 
Infect�on Study Group. Am J Obstet Gynecol, 1996. 
175(3 Pt 1):661-7.

236. Shap�ro DE, Sperl�ng RS, Mandelbrot L, et al. R�sk 
factors for perinatal human immunodeficiency 
v�rus transm�ss�on �n pat�ents rece�v�ng z�dovud�ne 
prophylax�s. Ped�atr�c AIDS Cl�n�cal Tr�als Group 
protocol 076 Study Group. Obstet Gynecol, 1999. 
94(6):897-908.

237. Boyer PJ, D�llon M, Nava�e M, et al. Factors 
pred�ct�ve of maternal-fetal transm�ss�on of HIV-
1: prel�m�nary analys�s of z�dovud�ne g�ven 
dur�ng pregnancy and/or del�very. JAMA, 1994. 
271(24):1925-30.

238. Ickov�cs JR, W�lson TE, Royce RA, et al. Prenatal and 
postpartum z�dovud�ne adherence among pregnant 
women w�th HIV: results of a MEMS substudy from 
the Per�natal Gu�del�nes Evaluat�on Project. J Acquir 
Immune Defic Syndr, 2002. 30(3):311-5.

239. Bardeguez A, L�ndsey J, Shannon M, et al. Adherence 
to ant�retrov�ral therapy �n US women dur�ng and 
after pregnancy.  13th Conference on Retrov�ruses and 
Opportun�st�c Infect�ons, 2006; Abstract #706.  

240. Paterson DL, Sw�ndells S, Mohr J, et al. Adherence 
to protease �nh�b�tor therapy and outcomes �n 
pat�ents w�th HIV �nfect�on. Ann Intern Med, 2000. 
133(1):21-30.

241. R�chter A, S�mpson KN and Manskopf JA. Impact of 
drug non-compl�ance and the frequency of v�ral load 
test�ng on outcomes, costs and patterns of therapy. 
12th World AIDS Conference; 1998; Geneva. Abstract 
42173.  not ava�lable

242. Le Mo�ng V, Chene G, Carr�er� MP, et al. Cl�n�cal, 
b�olog�c, and behav�oral pred�ctors of early 
�mmunolog�c and v�rolog�c response �n HIV-�nfected 
pat�ents �n�t�at�ng protease �nh�b�tors. J Acquir 
Immune Defic Syndr, 2001. 27(4):372-6.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8703167&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11242196&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11967508&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15060441
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7576327&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10560681&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10535342&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10767514&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11349171&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11430935&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12151919
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=14712975
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=14504867
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8828431&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10576173&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7911164&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12131568&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10877736&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=11468425&itool=iconabstr&query_hl=9&itool=pubmed_DocSum


July 8, 2008

93Recommendations for Use of Antiretroviral Drugs in Pregnant HIV-Infected Women for Maternal Health 
and Interventions to Reduce Perinatal HIV Transmission in the United States

243. Murr� R, Ammassar� A, Gall�cano K, et al. Pat�ent-
reported nonadherence to HAART �s related to 
protease �nh�b�tor levels. J Acquir Immune Defic 
Syndr, 2000. 24(2):123-8.

244. M�ller LG, L�u H, Hays RD, et al. How well 
do cl�n�c�ans est�mate pat�ents’ adherence to 
comb�nat�on ant�retrov�ral therapy? J Gen Intern 
Med, 2002. 17(1):1-11.

245. Melbourne KM, Geletko SM, Brown SL, et al. 
Med�cat�on adherence �n pat�ents w�th HIV �nfect�on: 
A compar�son of two measurement methods. The 
AIDS Reader, 1999. 9(5):329-38.

246. Strateg�es for Management of Ant�retrov�ral Therapy 
(SMART) Study Group, El-Sadr WM, Lundgren 
JD, et al. CD4+ count-gu�ded �nterrupt�on of 
ant�retrov�ral treatment. N Engl J Med, 2006. 
355(22):2283-96.

247. Watts DH, Mofenson L, Lu M, et al. Treatment 
�nterrupt�on after pregnancy and d�sease progress�on: 
a report from the women and �nfants transm�ss�on 
study. 14th Conference on Retrov�ruses and 
Opportun�st�c Infect�ons, 2007. Abstract #751.  

248. Centers for D�sease Control and Prevent�on. Rap�d 
HIV-1 ant�body test�ng dur�ng labor and del�very for 
women of unknown HIV status: a pract�cal gu�de 
and model protocol.  2004. URL: www.cdc.gov/hiv/
topics/testing/resources/guidelines/pdf/Labor&Del
iveryRapidTesting.pdf.

249. Rousseau CM, Nduat� RW, R�chardson BA, et al. 
Longitudinal analysis of human immunodeficiency 
v�rus type 1 RNA �n breast m�lk and of �ts 
relat�onsh�p to �nfant �nfect�on and maternal d�sease. 
J Infect Dis, 2003. 187(5):741-7.

250. Shap�ro RL, Holland DT, Capparell� E, et al. 
Ant�retrov�ral concentrat�ons �n breast-feed�ng �nfants 
of women �n Botswana rece�v�ng ant�retrov�ral 
treatment. J Infect Dis, 2005. 192(5):720-7.

251. M�rochn�ck M, Thomas T, Capparell� E, et al. Plasma 
ARV concentrat�ons �n breastfeed�ng �nfants whose 
mothers are rece�v�ng HAART. 14th Conference on 
Retrov�ruses and Opportun�st�c Infect�ons, 2007. 
Abstract #72.  

252. World Health Organ�zat�on. HIV and �nfant feed�ng 
techn�cal consultat�on consensus statement, 2006.  
URL: www.who.int/child-adolescent-health/
publications/NUTRITION/consensus_statement.
htm.  

253. Cates W, Jr., Ste�ner MJ. Dual protect�on aga�nst 
un�ntended pregnancy and sexually transm�tted 
�nfect�ons: what �s the best contracept�ve approach? 

Sex Transm Dis, 2002. 29(3):168-74.

254. Cohn SE, Park JG, Watts DH, et al. Depo-
medroxyprogesterone �n women on ant�retrov�ral 
therapy: effect�ve contracept�on and lack of cl�n�cally 
significant interactions. Clin Pharmacol Ther, 2007. 
81(2):222-7.

255. Moodley D, P�llay K, Na�doo K, et al. 
Pharmacok�net�cs of z�dovud�ne and lam�vud�ne �n 
neonates follow�ng coadm�n�strat�on of oral doses 
every 12 hours. J Clin Pharmacol, 2001. 41(7):732-
41.

256. Bergshoeff AS, Fraa�j PL, Verwe�j C, et al. Plasma 
levels of z�dovud�ne tw�ce da�ly compared w�th 
three t�mes da�ly �n s�x HIV-1-�nfected ch�ldren. J 
Antimicrob Chemother, 2004. 54(6):1152-4.

257. Capparell� E, M�rochn�ck M, Dankner WM, et al. 
Pharmacok�net�cs and tolerance of z�dovud�ne �n 
preterm �nfants. J Pediatr, 2003. 142(1):47-52.

258. M�rochn�ck M, Capparell� E and Connor J. 
Pharmacok�net�cs of z�dovud�ne �n �nfants: a 
populat�on analys�s across stud�es. Clin Pharmacol 
Ther, 1999. 66(1):16-24.

259. Wade NA, B�rkhead GS and French PT. Short courses 
of z�dovud�ne and per�natal transm�ss�on of HIV 
(letter). N Engl J Med, 1999. 340(13):1040-3.

260. Van Rompay KK, Otsyula MG, Marthas ML, et al. 
Immed�ate z�dovud�ne treatment protects s�m�an 
immunodeficiency virus-infected newborn macaques 
aga�nst rap�d onset of AIDS. Antimicrob Agents 
Chemother, 1995. 39(1):125-31.

261. Tsa� CC, Foll�s KE, Sabo A, et al. Prevent�on of SIV 
�nfect�on �n macaques by (R)-9-(2- phosphonylmetho
xypropyl)aden�ne. Science, 1995. 270(5239):1197-9.

262. Bott�ger D, Johansson NG, Samuelsson B, et al. 
Prevention of simian immunodeficiency virus, 
SIVsm, or HIV-2 �nfect�on �n cynomolgus monkeys 
by pre- and postexposure adm�n�strat�on of BEA-005. 
AIDS, 1997. 11(2):157-62.

263. Dunn DT, Brandt CD, Kr�v�ne A, et al. The sens�t�v�ty 
of HIV-1 DNA polymerase cha�n react�on �n the 
neonatal per�od and the relat�ve contr�but�ons of 
�ntra-uter�ne and �ntra-partum transm�ss�on. AIDS, 
1995. 9(9):F7-11.

264. Panl�l�o AL, Cardo DM, Grohskopf LA, et al. 
Updated U.S. Publ�c Health Serv�ce gu�del�nes for 
the management of occupat�onal exposures to HIV 
and recommendat�ons for postexposure prophylax�s. 
MMWR Recomm Rep, 2005. 54(RR-9):1-17.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=10935687&query_hl=14&itool=pubmed_DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=11903770&query_hl=22&itool=pubmed_docsum
http://www.medscape.com/viewpublication/93_toc?vol=9&iss=5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17135583
www.cdc.gov/hiv/topics/testing/resources/guidelines/pdf/Labor&DeliveryRapidTesting.pdf
www.cdc.gov/hiv/topics/testing/resources/guidelines/pdf/Labor&DeliveryRapidTesting.pdf
www.cdc.gov/hiv/topics/testing/resources/guidelines/pdf/Labor&DeliveryRapidTesting.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=12599047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16088821
www.who.int/child-adolescent-health/publications/NUTRITION/consensus_statement.htm
www.who.int/child-adolescent-health/publications/NUTRITION/consensus_statement.htm
www.who.int/child-adolescent-health/publications/NUTRITION/consensus_statement.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11875378
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17192768
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11452705
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15537694
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12520254&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=10430105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7695293&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7502044&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9030361&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8527070&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16195697


July 8, 2008

94Recommendations for Use of Antiretroviral Drugs in Pregnant HIV-Infected Women for Maternal Health 
and Interventions to Reduce Perinatal HIV Transmission in the United States

265. Bauer GR, Colgrove RC, Larussa PS, et al. 
Ant�retrov�ral res�stance �n v�ral �solates from HIV-
1-transm�tt�ng mothers and the�r �nfants. AIDS, 2006. 
20(13):1707-12.

266. Cohan D, Feak�ns C, Wara D, et al. Per�natal 
transm�ss�on of mult�drug-res�stant HIV-1 desp�te 
v�ral suppress�on on an enfuv�rt�de-based treatment 
reg�men. AIDS, 2005. 19(9):989-90.

267. Desa� N, Mathur M. Select�ve transm�ss�on of 
mult�drug res�stant HIV to a newborn related to 
poor maternal adherence. Sex Transm Infect, 2003. 
79(5):419-21.

268. De Jose MI, Ramos JT, Alvarez S, et al. Vert�cal 
transm�ss�on of HIV-1 var�ants res�stant to reverse 
transcr�ptase and protease �nh�b�tors. Arch Intern 
Med, 2001. 161(22):2738-9.

269. Moodley J, Moodley D, P�llay K, et al. 
Pharmacok�net�cs and ant�retrov�ral act�v�ty of 
lam�vud�ne alone or when coadm�n�stered w�th 
zidovudine in human immunodeficiency virus type 1-
�nfected pregnant women and the�r offspr�ng. J Infect 
Dis, 1998. 178(5):1327-33.

270. Lambert JS, Nogue�ra SA, Abreu T, et al. A p�lot 
study to evaluate the safety and feas�b�l�ty of the 
administration of AZT/3TC fixed dose combination 
to HIV �nfected pregnant women and the�r �nfants 
�n R�o de Jane�ro, Braz�l. Sex Transm Infect, 2003. 
79(6):448-52.

271. Wade NA, Unadkat JD, Huang S, et al. 
Pharmacok�net�cs and safety of stavud�ne �n HIV-
�nfected pregnant women and the�r �nfants: Ped�atr�c 
AIDS Cl�n�cal Tr�als Group protocol 332. J Infect 
Dis, 2004. 190(12):2167-74.

272. Zorr�lla CD, Van Dyke R, Bardeguez A, et al. Cl�n�cal 
response and tolerab�l�ty to and safety of saqu�nav�r 
with low-dose ritonavir in human immunodeficiency 
v�rus type 1-�nfected mothers and the�r �nfants. 
Antimicrob Agents Chemother, 2007. 51(6):2208-10.

273. Unadkat JD, Wara DW, Hughes MD, et al. 
Pharmacok�net�cs and safety of �nd�nav�r �n human 
immunodeficiency virus-infected pregnant women. 
Antimicrob Agents Chemother, 2007. 51(2):783-6.

274. M�rochn�ck M, Stek A, Acevedo M, et al. Safety and 
pharmacokinetics of nelfinavir coadministered with 
zidovudine and lamivudine in infants during the first 
6 weeks of l�fe. J Acquir Immune Defic Syndr, 2005. 
39(2):189-94.

275. Gray G, V�olar� A, McIntyre J, et al. Ant�v�ral 
act�v�ty of nucleos�de analogues dur�ng short-course 
monotherapy or dual therapy: �ts role �n prevent�ng 

HIV �nfect�on �n �nfants. J Acquir Immune Defic 
Syndr, 2006. 42(2):169-76.

276. Rongkav�l�t C, van Heesw�jk RP, L�mpongsanurak 
S, et al. Dose-escalat�ng study of the safety and 
pharmacokinetics of nelfinavir in HIV-exposed 
neonates. J Acquir Immune Defic Syndr, 2002. 
29(5):455-63.

277. Torres SM, Walker DM, Carter MM, et al. 
Mutagen�c�ty of z�dovud�ne, lam�vud�ne, and 
abacav�r follow�ng �n v�tro exposure of human 
lymphoblasto�d cells or �n utero exposure of CD-1 
m�ce to s�ngle agents or drug comb�nat�ons. Environ 
Mol Mutagen, 2007. 48(3-4):224-38.

278. Fe�terna-Sperl�ng C, We�zsaecker K, Bührer C, et 
al. Hematolog�c effects of maternal ant�retrov�ral 
therapy and transm�ss�on prophylax�s �n HIV-1-
exposed un�nfected newborn �nfants. J Acquir 
Immune Defic Syndr, 2007. 45(1):43-51.

279. El Be�tune P, Duarte G. Ant�retrov�ral agents dur�ng 
pregnancy: consequences on hematolog�c parameters 
�n HIV-exposed, un�nfected newborn �nfant. Eur J 
Obstet Gynecol Reprod Biol, 2006. 128(1-2):59-63.

280. Watson WJ, Stevens TP and We�nberg GA. Profound 
anem�a �n a newborn �nfant of a mother rece�v�ng 
ant�retrov�ral therapy. Pediatr Infect Dis J, 1998. 
17(5):435-6.

281. Ekouev� DK, Touré R, Becquet R, et al. Serum lactate 
levels �n �nfants exposed per�partum to ant�retrov�ral 
agents to prevent mother-to-ch�ld transm�ss�on of 
HIV: Agence Nat�onale de Recherches Sur le SIDA 
et les Hépat�tes V�rales 1209 study, Ab�djan, Ivory 
Coast. Pediatrics, 2006. 118(4):e1071-7.

282. Noguera A, Fortuny C, Muñoz-Almagro C, et al. 
Hyperlactatemia in human immunodeficiency virus-
un�nfected �nfants who are exposed to ant�retrov�rals. 
Pediatrics, 2004. 114(5):e598-603.

283. Kovacs A, Xu J, Rasheed S, et al. Compar�son of a 
rap�d non�sotop�c polymerase cha�n react�on assay 
w�th four commonly used methods for the early 
diagnosis of human immunodeficiency virus type 1 
�nfect�on �n neonates and ch�ldren. Pediatr Infect Dis 
J, 1995. 14(11):948-54.

284. Amer�can Academy of Ped�atr�cs, Comm�ttee on 
Ped�atr�c AIDS. Evaluat�on and med�cal treatment 
management of the HIV-exposed �nfant. Pediatrics, 
1997. 99(6):909-17.

285. Culnane M, Fowler MG, Lee SS, et al. Lack of long-
term effects of �n utero exposure to z�dovud�ne 
among un�nfected ch�ldren born to HIV-�nfected 
women. JAMA, 1999. 281(2):151-7.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16931934
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15905684
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=14573842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11732941
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=9780252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=14663118
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15551216
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17420209
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17158945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15905735
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16639342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11981361
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17358033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17356471
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16876310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=9613665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16950945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15492359
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8584360&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9190556&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9917118&dopt=Abstract


July 8, 2008

95Recommendations for Use of Antiretroviral Drugs in Pregnant HIV-Infected Women for Maternal Health 
and Interventions to Reduce Perinatal HIV Transmission in the United States

286. Hanson IC, Antonell� TA, Sperl�ng RS, et al. Lack 
of tumors �n �nfants w�th per�natal HIV-1 exposure 
and fetal/neonatal exposure to z�dovud�ne. J 
Acquir Immune Defic Syndr Hum Retrovirol, 1999. 
20(5):463-7.

287. Brogly S, W�ll�ams P, Seage G, 3rd,, et al. In utero 
nucleos�de reverse transcr�ptase �nh�b�tor exposure 
and cancer �n HIV-un�nfected ch�ldren: an update 
from the ped�atr�c AIDS cl�n�cal tr�als group 219 and 
219C cohorts. J Acquir Immune Defic Syndr, 2006. 
41(4):535-6.

288. Spector SA, Sa�toh A. M�tochondr�al dysfunct�on: 
prevent�on of HIV-1 mother-to-�nfant transm�ss�on 
outwe�ghs fear. AIDS, 2006. 20(13):1777-8.

289. Muro E, Droste JA, Hofstede HT, et al. Nev�rap�ne 
plasma concentrat�ons are st�ll detectable after more 
than 2 weeks �n the major�ty of women rece�v�ng 
s�ngle-dose nev�rap�ne: �mpl�cat�ons for �ntervent�on 
stud�es. J Acquir Immune Defic Syndr, 2005. 
39(4):419-21.

290. Taylor S, Allen S, F�dler S, et al. Stop study: after 
d�scont�nuat�on of efav�renz, plasma concentrat�ons 
may pers�st 2 weeks or longer. 11th Conference on 
Retrov�ruses and Opportun�st�c Infect�ons; February 
8-11, 2004; San Franc�sco, CA. Abstract 131.  http://
www.retroconference.org/2004/home.htm

291. McIntyre J, Mart�nson N, Invest�gators for the Tr�al 
1413, et al. Add�t�on to short course comb�v�r (CBV) 
to s�ngle dose v�ramune (sdNVP) for prevent�on of 
mother-to-ch�ld transm�ss�on (MTCT) of HIV-1 can 
significantly decrease the subsequent development 
of maternal NNRTI-res�stant v�rus. XV Internat�onal 
AIDS Conference; July 11-16, 2004; Bangkok, 
Tha�land. Abstract LbOrB09.

292. The Internat�onal Per�natal HIV Group. The Mode of 
Del�very and the R�sk of Vert�cal Transm�ss�on of 
Human Immunodeficiency Virus Type 1 - a Meta-
Analys�s of 15 Prospect�ve Cohort Stud�es. N Engl J 
Med, 1999. 340(13):977-87.

293. Dom�nguez KL, L�ndegren ML, D’Almada PJ, et 
al. Increas�ng trend of cesarean del�ver�es �n HIV-
�nfected women �n the Un�ted States from 1994 
to 2000. J Acquir Immune Defic Syndr, 2003. 
33(2):232-8.

294. The Internat�onal Per�natal HIV Group. Durat�on of 
ruptured membranes and vert�cal transm�ss�on of 
HIV-1: a meta-analys�s from 15 prospect�ve cohort 
stud�es. AIDS, 2001. 15(3):357-68.

295. Bulterys M, Jam�eson DJ, O’Sull�van MJ, et al. Rap�d 
HIV-1 test�ng dur�ng labor: a mult�center study. 

JAMA, 2004. 292(2):219-23.

296. Dabis F, Msellati P, Meda N, et al. 6-month efficacy, 
tolerance, and acceptab�l�ty of a short reg�men of oral 
z�dovud�ne to reduce vert�cal transm�ss�on of HIV 
�n breastfed ch�ldren �n Côte d’Ivo�re and Burk�na 
Faso: a double-bl�nd placebo-controlled mult�centre 
tr�al. DITRAME Study Group. DIm�nut�on de 
la Transm�ss�on Mère-Enfant. Lancet, 1999. 
353(9155):786-92.

297. Th�or I, Lockman S, Smeaton LM, et al. Breastfeed�ng 
plus �nfant z�dovud�ne prophylax�s for 6 months 
vs formula feed�ng plus �nfant z�dovud�ne for 1 
month to reduce mother-to-ch�ld HIV transm�ss�on 
�n Botswana: a random�zed tr�al: the Mash� Study. 
JAMA, 2006. 296(7):794-805.

298. O’Sull�van MJ, Boyer PJ, Scott GB, et al. The 
pharmacok�net�cs and safety of z�dovud�ne �n the 
th�rd tr�mester of pregnancy for women �nfected w�th 
human immunodeficiency virus and their infants: 
phase I acquired immunodeficiency syndrome 
cl�n�cal tr�als group study (protocol 082). Z�dovud�ne 
Collaborat�ve Work�ng Group. Am J Obstet Gynecol, 
1993. 168(5):1510-6.

299. Wang Y, L�v�ngston E, Pat�l S, et al. Pharmacok�net�cs 
of d�danos�ne �n antepartum and postpartum human 
immunodeficiency virus--infected pregnant women 
and the�r neonates: an AIDS cl�n�cal tr�als group 
study. J Infect Dis, 1999. 180(5):1536-41.

300. Tarantal AF, Cast�llo A, Ekert JE, et al. Fetal and 
maternal outcome after adm�n�strat�on of tenofov�r to 
grav�d rhesus monkeys (Macaca mulatta). J Acquir 
Immune Defic Syndr, 2002. 29(3):207-20.

301. Gafn� RI, Hazra R, Reynolds JC, et al. Tenofov�r 
d�soprox�l fumarate and an opt�m�zed background 
reg�men of ant�retrov�ral agents as salvage therapy: 
�mpact on bone m�neral dens�ty �n HIV-�nfected 
ch�ldren. Pediatrics, 2006. 118(3):e711-8.

302. Schooley RT, Ruane P, Myers RA, et al. Tenofov�r DF 
�n ant�retrov�ral-exper�enced pat�ents: results from 
a 48-week, random�zed, double-bl�nd study. AIDS, 
2002. 16(9):1257-63.

303. Aweeka F, L�zak P, Frenkel L, et al. Steady state 
nev�rap�ne pharmacok�net�cs dur�ng 2nd and 3rd 
tr�mester pregnancy and postpartum: PACTG 1022. 
11th Conference on Retrov�ruses and Opportun�st�c 
Infect�ons; February 8-11, 2004; San Franc�sco, CA. 
Abstract 932.  

304. M�rochn�ck M, S�m�nsk� S, Fenton T, et al. Nev�rap�ne 
pharmacok�net�cs �n pregnant women and �n the�r 
�nfants after �n utero exposure. Pediatr Infect Dis J, 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10225228&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16652068
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16931943
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=16010163&itool=iconabstr&query_hl=4&itool=pubmed_docsum
http://www.retroconference.org/2004/home.htm
http://www.retroconference.org/2004/home.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10099139&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12794560
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11273216&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15249571
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=10459959
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16905785
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=8098905
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=10515813
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=11873070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=16923923&query_hl=29&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12045491
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11734746


July 8, 2008

96Recommendations for Use of Antiretroviral Drugs in Pregnant HIV-Infected Women for Maternal Health 
and Interventions to Reduce Perinatal HIV Transmission in the United States

2001. 20(8):803-5.

305. D�eter�ch DT, Rob�nson PA, Love J, et al. Drug-
�nduced l�ver �njury assoc�ated w�th the use of 
nonnucleos�de reverse-transcr�ptase �nh�b�tors. Clin 
Infect Dis, 2004. 38(Suppl 2):S80-9.

306. De Sant�s M, Carducc� B, De Sant�s L, et al. 
Per�concept�onal exposure to efav�renz and neural 
tube defects. Arch Intern Med, 2002. 162(3):355.

307. Fundaro C, Genovese O, Rendel� C, et al. 
Myelomen�ngocele �n a ch�ld w�th �ntrauter�ne 
exposure to efav�renz. AIDS, 2002. 16(2):299-300.

308. Stek AM, M�rochn�ck M, Capparell� E, et al. Reduced 
lop�nav�r exposure dur�ng pregnancy. AIDS, 2006. 
20(15):1931-9.

309. M�rchon�ck M, Stek A, Capparell� E, et al. Lop�nav�r 
exposure w�th a h�gher dose dur�ng the 3rd tr�mester 
of pregnancy. 13th Conference on Retrov�ruses and 
Opportun�st�c Infect�ons; February 2006; Denver, 
Colorado. Abstract 710.  

310. Hayash� S, Beckerman K, Homma M, et al. 
Pharmacok�net�cs of �nd�nav�r �n HIV-pos�t�ve 
pregnant women. AIDS, 2000. 14(8):1061-2.

311. Scott GB, Rodman JH, Scott WA, et al. 
Pharmacok�net�c and v�rolog�c response to r�tonav�r 
(RTV) �n comb�nat�on w�th z�dovud�ne (XDV) and 
lam�vud�ne (3TC) �n HIV-1 �nfected pregnant women 
and the�r �nfants. 9th conference on Retrov�ruses 
and opportun�st�c Infect�ons; February 24-28, 
2002; Seattle, WA. Abstract 794-W.  http://www.
retroconference.org/2002/

312. Acosta EP, Bardeguez A, Zorr�lla CD, et al. 
Pharmacok�net�cs of saqu�nav�r plus low-dose 
ritonavir in human immunodeficiency virus-infected 
pregnant women. Antimicrob Agents Chemother, 
2004. 48(2):430-6.

313. Acosta EP, Zorr�lla C, Van Dyke R, et al. 
Pharmacok�net�cs of saqu�nav�r-SGC �n HIV-�nfected 
pregnant women. HIV Clin Trials, 2001. 2(6):460-5.

314. Burger DM, Egg�nk A, van der Ende ME, et al. 
The pharmacok�net�cs of saqu�nav�r new tablet 
formulat�on + r�tonav�r (1000/100 mg BID) �n HIV-
1-�nfected pregnant women. 14th Conference on 
Retrov�ruses and Opportun�st�c Infect�ons; February 
25-28, 2007; Los Angeles, CA. Abstract 741.  

315. R�pamont� D, D. C, A�rold� M, et al. Atazanav�r-
based HAART �n pregnancy.  14th Conference on 
Retrov�ruses and Opportun�st�c Infect�ons; February 
25-28, 2007; Los Angeles, CA. Abstract 742.  

316. Natha M, Hay P, Taylor G, et al. Atazanav�r use �n 

pregnancy: a report of 33 cases.  14th Conference on 
Retrov�ruses and Opportun�st�c Infect�ons; February 
25-28, 2007; Los Angeles, CA. Abstract 750.  

317. Bryson Y, Stek A, M�rochn�ck M, et al. 
Pharmacok�net�cs, ant�v�ral act�v�ty and safety of 
nelfinavir (NFV) in combination with ZDV/3TC 
�n pregnant HIV-�nfected women and the�r �nfants: 
PACTG 353 Cohort 2. 9th Conference on Retrov�ruses 
and Opportun�st�c Infect�ons; February 24-28, 
2002; Seattle, WA. Abstract 795-W.  http://www.
retroconference.org/2002/

318. Aweeka F, T�erney C, Stek A, et al. ACTG 5153s: 
pharmacok�net�c exposure and v�rolog�cal response 
�n HIV-1-�nfected pregnant women treated w�th PI. 
14th Conference on Retrov�ruses and Opportun�st�c 
Infect�ons; February 25-28, 2007; Los Angeles, CA. 
Abstract 739.  .  

319. V�llan� P, Flor�d�a M, P�r�llo MF, et al. 
Pharmacokinetics of nelfinavir in HIV-1-infected 
pregnant and nonpregnant women. Br J Clin 
Pharmacol, 2006. 62(3):309-15.

320. Read J, Best B, Stek A, et al. Nelfinavir 
pharamacok�net�cs (625 mg tablets) dur�ng the 
th�rd tr�mester of pregnancy and postpartum.  14th 
Conference on Retrov�ruses and Opportun�st�c 
Infect�ons; February 25-28, 2007; Los Angeles, CA. 
Abstract 740.  

321. Meyohas MC, Lacombe K, Carbonne B, et al. 
Enfuv�rt�de prescr�pt�on at the end of pregnancy to a 
mult�-treated HIV-�nfected woman w�th v�rolog�cal 
breakthrough. AIDS, 2004. 18(14):1966-8.

322. Cohn SE, Umbleja T, Mrus J, et al. Pr�or �ll�c�t 
drug use and m�ssed prenatal v�tam�ns pred�ct 
nonadherence to ant�retrov�ral therapy �n pregnancy: 
adherence analys�s A5084. AIDS Pat�ent Care STDS. 
2008 Jan;22(1):29-40.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=14986279
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=11822930
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=11807320
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=16988514&query_hl=34&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=10853990
http://www.retroconference.org/2002/
http://www.retroconference.org/2002/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=14742191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=11742433
http://www.retroconference.org/2002/
http://www.retroconference.org/2002/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16934047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15353987


July 8, 2008

97Recommendations for Use of Antiretroviral Drugs in Pregnant HIV-Infected Women for Maternal Health 
and Interventions to Reduce Perinatal HIV Transmission in the United States

Appendix:  Perinatal Antiretroviral Guidelines Working Group Conflict of Interest Disclosure 
– October 3, 2007

Name Company Relationship
Er�ka Aaron Abbott Laborator�es

Boehr�nger Ingelhe�m
▪ Speaker with honoraria
▪ Grant recipient

Ela�ne Abrams Abbott Laborator�es ▪ Advisory Board member
Jean Anderson Pfizer Inc.

GlaxoSm�thKl�ne

Abbott Laborator�es

Boehr�nger Ingelhe�m

▪ Advisory Board member
▪ Speakers bureau 
▪ Research support
▪ Educational program support
▪ Stockholder
▪ Speaker with honoraria
▪ Educational program support
▪ Speaker with honoraria
▪ Educational program support
▪ Educational program support
▪ Advisory Board member

Magda Bar�n�-Garc�a NONE N/A
Dawn Aver�tt Br�dge NONE N/A
Susan Cohn Merck & Co., Inc.

Quest D�agnost�cs 
The Well Project, Inc.

▪ Vaccine Advisory Panel
▪ Stockholder
▪ Stockholder
▪ Women’s Health Initiative member  

Amanda Cotter NONE N/A
Susan Cu-Uv�n HIVMA

Br�stol Myers Squ�bb
Boehr�nger Ingelhe�m
 
Evo Pharmaceut�cal
Merck & Co., Inc.
GlaxoSm�thKl�ne

▪ Board of Directors
▪ Advisory Board
▪ Advisory Board 
▪ Speaker
▪ Advisory Board
▪ Speakers bureau
▪ Honoraria

Br�an Fe�t NONE N/A



July 8, 2008

98Recommendations for Use of Antiretroviral Drugs in Pregnant HIV-Infected Women for Maternal Health 
and Interventions to Reduce Perinatal HIV Transmission in the United States

Jud�th Fe�nberg Boehr�nger Ingelhe�m
 
Br�stol Myers Squ�bb
 
 
Abbott Laborator�es
 
GlaxoSm�thKl�ne
Ach�ll�on
Panacos
Koron�s
 
Pfizer Inc.

 
T�botec

 
Roche
Theratechonology
Neurogesx
G�lead
 
Merck & Co., Inc.
 
The Well Project, Inc
Amer�can Academy of HIV 
Med�c�ne

▪ Adv�sory Board member 
▪ Speakers bureau
▪ Adv�sory Board member 
▪ Speakers bureau 
▪ Grant rec�p�ent
▪ Speakers bureau 
▪ Consultant
▪ Speakers bureau
▪ Grant rec�p�ent
▪ Grant rec�p�ent
▪ Adv�sory Board 
▪ Grant rec�p�ent
▪ Speakers bureau 
▪ Adv�sory Board 
▪ Grant rec�p�ent
▪ Speakers bureau 
▪ Adv�sory Board 
▪ Grant rec�p�ent
▪ Grant rec�p�ent
▪ Grant rec�p�ent
▪ Grant rec�p�ent
▪ Speakers bureau 
▪ Consultant
▪ Speakers bureau 
▪ Consultant
▪ Th�nk tank member
▪ Board of D�rectors member

Patr�c�a Flynn MedImmune, Inc.
Merck & Co., Inc.
T�botec

▪ Clinical research support
▪ Clinical research support
▪ Clinical research support

Mary Glenn Fowler NONE N/A
Edward Handelsman NONE N/A
Jane H�tt� Boehr�nger Ingelhe�m ▪ Advisory Board
Den�se Jam�eson NONE N/A
Robert Maup�n Pfizer Inc. ▪ Research support
Howard M�nkoff NONE N/A
Mark M�rochn�ck GlaxoSm�thKl�ne ▪ Clinical research support
Lynne Mofenson NONE N/A
Fat�ma Pr�oleau NONE N/A
Alan Shap�ro NONE N/A
Steve Spector Pfizer Inc. ▪ Stockholder
Ruth Tuomala Boehr�nger Ingelhe�m

Pfizer Inc.
▪ (Ad hoc) Consultant 
▪ Data Safety Monitoring Board

Heather Watts NONE N/A

Name Company Relationship


	Cover
	Table of Contents
	Panel Members
	Introduction
	Lessons from Clinical Trials of Antiretroviral Interventions to Reduce Perinatal HIV Transmission
	Mechanisms of Action of Antiretroviral Prophylaxis in Reducing Perinatal HIV Transmission
	International Clinical Trials of Short-Course Regimens for Prevention of HIV Perinatal Transmission
	Perinatal HIV Transmission and Maternal HIV RNA Copy Number

	Preconceptional Counseling and Care for  HIV-Infected Women of Childbearing Age
	Management of Pregnant Women with a Partner Known to be HIV-Infected

	Antepartum Care
	General Principles Regarding Use of Antiretroviral Drugs during Pregnancy
	Recommendations for Use of Antiretroviral Drugs during Pregnancy
	HIV-Infected Pregnant Women Who Are Currently Receiving Antiretroviral Treatment
	HIV-Infected Pregnant Women Who Have Never Received Antiretroviral Drugs (Antiretroviral-Naïve)
	HIV-Infected Pregnant Women Who Have Previously Received Antiretroviral Treatment or Prophylaxis...

	Special Situations
	Hepatitis B Virus Coinfection
	Hepatitis C Virus Coinfection
	Stopping Antiretroviral Therapy during Pregnancy
	Failure of Viral Suppression

	Monitoring of the Woman and Fetus during Pregnancy
	Special Considerations Regarding the Use of Antiretroviral Drugs by HIV-Infected Pregnant Women...
	Pharmacokinetic Changes
	Teratogenicity
	Combination Antiretroviral Therapy and Pregnancy Outcome
	Nevirapine and Hepatic/Rash Toxicity
	Protease Inhibitor Therapy and Hyperglycemia
	Mitochondrial Toxicity and NRTI Drugs

	Antiretroviral Drug Resistance and Resistance Testing in Pregnancy
	Indications for Antiretroviral Drug Resistance Testing in HIV-Infected Pregnant Women
	Significance of Antiretroviral Drug Resistance in Pregnancy
	Prevalence of Antiretroviral Drug Resistance
	Incidence of Antiretroviral Resistance with Perinatal Prophylactic Regimens
	Impact of Resistance in Pregnancy
	Management of Antiretroviral Drug Resistance during Pregnancy
	Prevention of Antiretroviral Drug Resistance


	Intrapartum Care
	Intrapartum Antiretroviral Therapy/Prophylaxis
	Women Who Have Received Antepartum Antiretroviral Drugs
	Women Who Have Received Antepartum Antiretroviral Drugs but Have Suboptimal Viral Suppression...
	Women Who Have Not Received Antepartum Antiretroviral Drugs

	Transmission and Mode of Delivery
	Maternal Risks of Morbidity by Mode of Delivery

	Other Intrapartum Management Considerations
	Postpartum Hemorrhage, Antiretroviral Drugs, and Methergine Use 


	Postpartum Management
	Postpartum Follow-Up of HIV-Infected Women

	Neonatal Postnatal Care
	Infants Born to Mothers with Unknown HIV Infection Status
	Infant Antiretroviral Prophylaxis
	General Considerations for Choice of Infant Prophylaxis
	Infant Antiretroviral Prophylaxis Recommendations for Specific Clinical Situations
	Short-Term Antiretroviral Drug Safety and Choice for Neonatal Prophylaxis

	Initial Postnatal Management of the HIV-Exposed Neonate
	Long-Term Follow-Up of Antiretroviral Drug-Exposed Infants

	Clinical Research Needs
	Evaluation of Drug Safety and Pharmacokinetics
	Optimizing Neonatal Regimens for Perinatal Prophylaxis
	Assessment of Drug Resistance
	Stopping Antiretroviral Therapy
	Optimizing Adherence
	Role of Cesarean Delivery among Women with Undetectable Viral Load or with Short Duration of...
	Management of Women with Premature Rupture of Membranes
	Offering Rapid Testing at Delivery to Late Presenting Women

	Tables
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	Table 7

	References
	Appendix

