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A

 

BSTRACT

 

Background and Methods

 

A placebo-controlled tri-
al has shown that treatment with zidovudine reduc-
es the rate at which human immunodeficiency virus
type 1 (HIV-1) is transmitted from mother to infant.
We present data from that trial showing the number
of infected infants at 18 months of age and the rela-
tion between the maternal viral load, the risk of HIV-1
transmission, and the efficacy of zidovudine treat-
ment. Viral cultures were obtained, and HIV-1 RNA
was measured by two assays in samples of maternal
blood obtained at study entry and at delivery.

 

Results

 

In 402 mother–infant pairs, the rate of
transmission of HIV-1 was 7.6 percent (95 percent con-
fidence interval, 4.3 to 12.3 percent) with zidovudine
treatment and 22.6 percent (95 percent confidence in-
terval, 17.0 to 29.0 percent) with placebo (P

 

�

 

0.001). In
the placebo group, a large viral burden at entry or de-
livery or a positive culture was associated with an in-
creased risk of transmission (the transmission rate
was greater than 40 percent in the highest quartile of
the RNA level). In both groups, transmission occurred
at a wide range of maternal plasma HIV-1 RNA levels.
Zidovudine reduced plasma RNA levels somewhat
(median reduction, 0.24 log). Zidovudine was effec-
tive regardless of the HIV-1 RNA level or the CD4

 

�

 

count at entry. In the zidovudine group, however, after
we adjusted for the base-line HIV-1 RNA level and
CD4

 

�

 

 count, the reduction in viral RNA from base line
to delivery was not significantly associated with the
risk of transmission of HIV-1.

 

Conclusions

 

A high maternal plasma concentration
of virus is a risk factor for the transmission of HIV-1
from an untreated mother to her infant. The reduction
in such transmission after zidovudine treatment is only
partly explained by the reduction in plasma levels of
viral RNA. To prevent HIV-1 transmission, initiating ma-
ternal treatment with zidovudine is recommended re-
gardless of the plasma level of HIV-1 RNA or the CD4

 

�

 

count. (N Engl J Med 1996;335:1621-9.)
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WO years ago, the Pediatric AIDS Clinical
Trials Group (ACTG) Protocol 076 study
demonstrated that zidovudine dramatically
reduced the risk of maternal–infant trans-

mission of human immunodeficiency virus type 1
(HIV-1).
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 The availability of a treatment that could
prevent a fatal pediatric infection from being trans-
mitted led the Public Health Service to develop
guidelines for the use of zidovudine during preg-
nancy.
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 However, the mechanism by which zidovu-
dine reduced the risk of HIV-1 transmission was
unknown. Maternal zidovudine therapy may have re-
duced the circulating viral load and diminished the
exposure of the fetus to the virus in utero and at the
time of delivery. Alternatively, or in addition, thera-
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peutic concentrations of the drug in the infant, both
as a fetus and as a newborn, may have provided pro-
tection during and after exposure to the virus. We
updated our earlier analysis and assayed stored sam-
ples of maternal blood collected at study entry and
at delivery to determine whether the maternal viral
burden predicted either the risk of HIV-1 transmis-
sion or the efficacy of zidovudine treatment.

 

METHODS

 

Study Subjects

 

ACTG 076 was a randomized, double-blind, placebo-con-
trolled study that enrolled HIV-1–infected women between 14
and 34 weeks of pregnancy who had CD4
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 T-lymphocyte counts
exceeding 200 cells per cubic millimeter and no indications for
antiretroviral therapy.
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 The women were randomly assigned to re-
ceive either zidovudine or placebo. In the zidovudine group, ma-
ternal therapy both ante partum and intra partum was combined
with six weeks of therapy for the newborn.
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The present study included all mothers eligible for the original

study
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 who had delivered live infants by January 4, 1994. Mothers
who delivered infants thereafter were excluded from this study be-
cause their infants could not have completed six weeks of blinded
treatment by the time the study was unblinded.

 

Laboratory Methods

 

Blood samples were collected from the mothers before they en-
tered ACTG 076 and at the time of delivery in tubes containing
heparin (72 percent of samples), acid citrate dextrose (25 per-
cent), or EDTA (3 percent). The specimens were transported
at ambient temperature and processed on the day of collection.
Peripheral-blood mononuclear cells were isolated by Ficoll–
Hypaque density-gradient separation, and qualitative cultures of
mixed lymphocytes were performed by previously published
methods.
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The cultures were assayed for p24 antigen at 7, 14, 21, and 28

days by a commercially available enzyme-linked immunosorbent
assay (Abbott, Chicago). A quality-assurance program evaluated
the performance of each participating laboratory.
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 A culture was
scored as positive if there was more than 30 pg of HIV-1 p24 an-
tigen per milliliter of supernatant and if that level doubled within
28 days.
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 Some laboratories performed quantitative microcultures
of peripheral-blood mononuclear cells (21 percent of all cultures)
using established procedures.
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Aliquots of plasma collected in tubes containing heparin were

stored at 

 

�

 

70°C. All the specimens were shipped on dry ice, then
thawed and divided into aliquots for testing by each of two methods:
a second-generation quantitative branched-chain DNA (bDNA)
signal-amplification assay (Chiron, Emeryville, Calif.)
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 and a quan-
titative reverse-transcription–polymerase-chain-reaction (PCR) am-
plification assay (Amplicor HIV Monitor Test, Roche Molecular
Systems, Branchburg, N.J.).
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 In the reverse-transcription–PCR as-
say, the plasma specimens collected in heparin required pretreat-
ment with heparin lyase I. The bDNA and reverse-transcription–
PCR assays were performed by the manufacturers of the assay kits;
when the volume of a specimen was small, it was tested only by
the latter assay.

In each assay, the HIV-1 RNA copy number was assessed by
using the manufacturer’s reference standards. The lower limit of
sensitivity of the bDNA assay varied with the volume of the spec-
imen; the limit was 500, 1000, and 10,000 copies of RNA per
milliliter for volumes of 1, 0.5, and 0.05 ml, respectively. The
lower limit of sensitivity of the reverse-transcription–PCR assay
was approximately 400 copies per milliliter, but the limit varied
among samples, since the test result for each specimen was based
on the reverse-transcription–PCR amplification of an internal
RNA standard that was added to each specimen. The assays dif-

fered in the range of the RNA concentration over which the de-
tection signal was linear.
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 Recent data suggest that of the two,
the bDNA assay has more variability in the low range (below
3000 copies per milliliter).
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 The upper limit of this linear range
was 750,000 RNA copies per milliliter for the reverse-transcrip-
tion–PCR assay and 1.6 million RNA copies per milliliter for the
bDNA assay.
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Statistical Analysis

 

The updated comparison of treatment groups with respect to
the efficacy of zidovudine treatment was based on the difference
between groups in the percentage of eligible live-born infants who
had HIV-1 infection at 18 months of age, expressed as a simple
ratio with a binomial 95 percent confidence interval. Twins were
counted as a single infant; discordant twins (one of whom was in-
fected but the other not) were counted as a single infected infant.
Infants were defined as infected if assays for HIV-1 were positive
on two separate occasions or if a condition considered to define
the presence of the acquired immunodeficiency syndrome (AIDS)
was noted.

 

9

 

 An uninfected infant was defined as one who did not
meet this definition and who met at least one of the following two
criteria: (1) two or more negative serologic tests between the ages
of 6 and 18 months or a single negative serologic test after the age
of 18 months,
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 or (2) two negative HIV cultures after the age of
4 weeks, one of which was performed at the age of 24 weeks or
thereafter. Infants with a single positive culture but for whom
there were not enough data for classification as uninfected were
classified as infected; all other infants were considered to have in-
determinate data and were excluded from all the analyses.

Specimens of maternal blood collected more than four days af-
ter the start of the study treatment or more than four days after
delivery were excluded from study. RNA measurements were an-
alyzed on a logarithmic scale (base 10) to reduce the tendency of
the data to become more variable with increasing levels of RNA.
We excluded bDNA measurements if the coefficient of variation
between duplicate measurements exceeded 30 percent. Speci-
mens in which HIV-1 RNA was undetectable were assigned val-
ues equal to half the reported detection limit of the assays of
those specimens. 

HIV-1 RNA levels were compared between groups by the two-
sample Wilcoxon test. Nonparametric confidence intervals with at
least 95 percent confidence were calculated around the median
values.
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 Changes in RNA levels from study entry to delivery were
calculated as log(delivery RNA) 
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 log(entry RNA). Tests for trend
were used to compare transmission rates according to the quartile
of the RNA measurements in each study group.
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 Associations be-
tween prognostic factors were assessed with Spearman rank cor-
relations. Logistic-regression analyses were used to assess whether
virologic and immunologic measures predicted the risk of HIV-1
transmission and to estimate the proportion of the treatment ef-
fect that the measures explained.
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RESULTS

 

Four hundred twenty-five mothers (211 in the zi-
dovudine group and 214 in the placebo group) who
were randomized by December 20, 1993, gave birth
to 433 infants (417 singleton infants and 16 twins)
by January 4, 1994. Among these 425 mother–
infant pairs, there were 402 (198 in the zidovudine
group and 204 in the placebo group) for which
there were sufficient data for the infant’s infection
status to be classified.

Fifteen infants in the zidovudine group and 46
infants in the placebo group were infected with
HIV-1. An estimated 7.6 percent (95 percent confi-
dence interval, 4.3 to 12.3 percent) of the infants in
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