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BSTRACT

 

Background

 

The importance of plasma levels of
human immunodeficiency virus type 1 (HIV-1) RNA
in pregnant women in relation to the other factors
known to influence the risk of transmission of infec-
tion to their infants is incompletely defined. We stud-
ied the relation of maternal plasma HIV-1 RNA levels
to the risk of perinatal transmission and the timing
of transmission.

 

Methods

 

We measured plasma HIV-1 RNA serially
in 552 women with HIV-1 infection who had single-
ton pregnancies. The status of infection in their in-
fants was assessed by culture of blood and further
classified as early (if a culture of blood obtained
within the first two days of life was positive) or late
(if a culture of blood obtained in the first seven days
of life was negative but subsequent cultures were
positive). The rates of transmission at various levels
of maternal plasma HIV-1 RNA were analyzed by
tests for trend, with adjustment for covariates by
stratification and logistic regression.

 

Results

 

Increasing geometric mean levels of plas-
ma HIV-1 RNA were associated with increasing rates
of transmission: the rate was 0 percent among wom-
en with less than 1000 copies per milliliter (0 of 57),
16.6 percent among women with 1000 to 10,000 cop-
ies per milliliter (32 of 193), 21.3 percent among
women with 10,001 to 50,000 copies per milliliter (39
of 183), 30.9 percent among women with 50,001 to
100,000 copies per milliliter (17 of 54), and 40.6 per-
cent among women with more than 100,000 copies
per milliliter (26 of 64, P<0.001). The treatment sta-
tus of one woman was unknown. The highest rate of
transmission was among women whose plasma
HIV-1 RNA levels exceeded 100,000 copies per milli-
liter and who had not received zidovudine (19 of 30
women, 63.3 percent). Neither higher HIV-1 RNA lev-
els early in pregnancy nor higher levels late in preg-
nancy were associated with the timing of infection in
the infants.

 

Conclusions

 

In pregnant women with HIV-1 infec-
tion, the level of plasma HIV-1 RNA predicts the risk
but not the timing of transmission of HIV-1 to their
infants. (N Engl J Med 1999;341:394-402.)
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ITTLE was known of the biology of perina-
tal transmission of human immunodeficien-
cy virus type 1 (HIV-1) when zidovudine
treatment was proposed and subsequently

proved effective for reducing the risk of neonatal in-
fection.

 

1

 

 Clarification of the relative contribution of
maternal plasma HIV-1 RNA levels and other factors
known to influence the risk of transmission might
provide insight into the timing of transmission of
the virus to the infant.

We undertook this study to determine the relation
between maternal plasma HIV-1 RNA levels and the
risk and timing of perinatal transmission of HIV-1
infection, using data from one of the largest pro-
spectively assembled and well-characterized cohorts
of infected women and their infants in the United
States. We sought to test the hypothesis that higher
maternal plasma HIV-1 RNA levels independently
increase the risk of transmission. We also assessed
whether the risk of transmission was correlated more
closely with the presence of higher levels earlier in
pregnancy rather than later.

 

METHODS

 

Study Population

 

The Women and Infants Transmission Study is an ongoing
multicenter, prospective study of the perinatal transmission of
HIV-1 and the natural history of HIV-1 infection in pregnant
women and their infants.

 

2

 

 Pregnant women with HIV-1 infection
and their infants have been studied at eight centers in four states
and Puerto Rico since 1989. The women are enrolled at any time
during pregnancy, and their infants are enrolled at birth or short-
ly thereafter. Our study was approved by the institutional review
committees at each center, and informed consent was obtained
from each woman.

The study subjects consisted of women who gave birth to sin-

L
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gleton infants between January 14, 1990, and October 15, 1995,
and whose infants’ HIV-1 infection status was determined before
December 1, 1996. In addition, plasma HIV-1 RNA levels had to
have been measured at least once in the women during pregnancy
or at delivery. Among 800 mother–infant pairs potentially eligible
for the analysis, 248 pairs were excluded because of the unavailabil-
ity of data on HIV-1 RNA levels. The women in the excluded pairs
had been enrolled more recently than the women in the included
pairs, and the rate of transmission was therefore lower in this
group (14 of 248 infants; 6 percent), but the excluded pairs were
otherwise similar to the included pairs with respect to maternal
and obstetrical covariates. Thus, a total of 552 pairs were studied.

 

Study Protocol and Definitions

 

The women were evaluated three times during pregnancy and
once at delivery. At each visit, detailed medical and behavioral
questionnaires were administered, a physical examination was per-
formed, and venous blood was obtained. Obstetrical data were
abstracted from medical records.

Antiviral-drug therapy was left to the discretion of the clini-
cians caring for the women and the women themselves. The prev-
alence of zidovudine therapy increased and the rates of perinatal
transmission declined in the cohort over time.

 

3

 

 Women were clas-
sified as treated if they received any zidovudine therapy during
pregnancy or labor and delivery. We further classified the women
according to whether they were in the active-treatment group of
the AIDS Clinical Trials Group (ACTG) Protocol 076 or were
treated with zidovudine before the March 1994 release of the re-
sults of that study. Women who received zidovudine after March
1994 or before March 1994 if they were enrolled in the treated
group of ACTG Protocol 076 were classified separately from wom-
en who reported receiving zidovudine therapy for specific indica-
tions during pregnancy but who delivered their babies before
March 1994 and who were not in the treated group of ACTG
Protocol 076.

Maternal use of illicit drugs during pregnancy — such as heroin,
opiates, and cocaine — was based on self-report or toxicologic
confirmation on testing of urine samples.

 

4

 

 All mothers were coun-
seled regarding the risk of transmission associated with breast-
feeding, and only four infants (none of whom became infected
with HIV-1) were breast-fed.

The infants were examined and peripheral-blood mononuclear
cells were obtained for culture during the first 6 days of life; at
the ages of 1, 2, 4, 6, 9, 12, and 18 months; and every 6 months
thereafter. After April 1994, blood was obtained within the first
48 hours after birth and on days 6 to 10 after birth. Infants with
no positive cultures and at least two negative cultures at or after
the age of one month (with one negative culture obtained when
the child was at least six months of age) were classified as unin-
fected. Infants with two or more positive cultures were defined as
infected (there were no infants with only one positive culture).
Infection was further classified as early or late according to the
timing of the positive culture.

 

5

 

 If the result of a culture of blood
obtained within the first 48 hours after birth was positive, the in-
fant was considered to have acquired the infection early (presum-
ably in utero). If cultures of blood obtained within the first seven
days of life were negative, but later cultures were positive, the in-
fant was considered to have acquired the infection late (presum-
ably during labor and delivery).

 

Laboratory Studies

 

Heparin-treated or EDTA-treated blood samples were separat-
ed into plasma and peripheral-blood mononuclear cells within 24
hours after collection at each center. CD4 counts were deter-
mined in fresh whole blood by flow cytometry. The laboratories
followed the cytometry protocols of the Division of AIDS of the
National Institute of Allergy and Infectious Diseases and partici-
pated in the division’s flow-cytometric quality-assurance program.

 

6

 

A qualitative approach was used for cocultures of peripheral-blood
mononuclear cells until October 1991; thereafter, a quantitative

approach was used, according to the ACTG consensus protocols,
with standard modifications for samples from infants.

 

7

 

Plasma HIV-1 RNA was measured in five laboratories from re-
pository samples (stored at ¡70°C) according to the recommen-
dations of the Virology Quality Assurance Program of the Divi-
sion of AIDS.

 

8

 

 RNA was extracted from the plasma samples with
the use of silica particles.

 

9

 

 The number of HIV-1 RNA copies per
milliliter of maternal plasma was measured by a quantitative RNA
polymerase-chain-reaction assay (Amplicor HIV-1 Monitor Test,
Roche Diagnostic Systems, Branchburg, N.J.) as previously de-
scribed.

 

10

 

 Samples below the limit of quantification of the assay
(400 copies per milliliter) were assigned a value of 400 copies per
milliliter for the purpose of statistical analysis.

 

Statistical Analysis

 

The primary quantitative viral measure used in analyses for each
woman was the geometric mean of all available plasma HIV-1
RNA values for that woman. A priori categories of these levels
were determined on the basis of clinically relevant cutoff points.
For women with at least two RNA values, the within-person rate
of change in plasma HIV-1 RNA levels (measured on a logarithmic
[base 10] scale) per week was calculated by linear least-squares re-
gression analysis. Cutoff points were chosen to represent a change
of 0.0175 log copies per week (corresponding to a fivefold in-
crease during a 40-week pregnancy). The remaining women were
categorized as having stable plasma HIV-1 RNA levels. Women
who were taking zidovudine during pregnancy whose plasma
HIV-1 RNA level declined by at least 0.0175 log copies per week
were classified as having a response to zidovudine.

The primary association of interest was between maternal plas-
ma HIV-1 RNA levels at various points during pregnancy and the
overall risk of transmission. The Mantel extension test for trend was
used to analyze transmission rates in ordered categories of vari-
ables, and a stratified version of the test for trend was used to con-
trol for categorical covariates.
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 The Wilcoxon or Kruskal–Wallis
test was used for univariate comparisons of the association between
plasma HIV-1 RNA levels and covariates.

 

12

 

 Logistic-regression
analysis was used to adjust for covariates and determine which
factors independently predicted the risk of perinatal transmis-
sion.

 

13

 

 All statistical tests were two-sided.

 

RESULTS

 

Characteristics of the Women

 

The 552 women included in the analysis were
demographically similar to the entire cohort as well
as to all childbearing women with HIV-1 infection
in the United States. The mean age at delivery was
28 years, 81 percent of the women were black or
Hispanic, and 18 percent had used injection drugs
during pregnancy. The overall rate of perinatal trans-
mission of HIV-1 infection in the cohort was 20.6
percent, which is similar to rates reported for other
cohorts in North America. The rate of transmission
declined during the period of data collection. Before
March 1994 it was 24 percent; thereafter it was
9 percent. Univariate analysis was performed with se-
lected measures of obstetrical outcome, disease status,
and use of zidovudine therapy in order to identify
covariates that were related to the risk of transmis-
sion of HIV-1 (Table 1). The resulting covariates
were used in a logistic-regression model.

Among the 552 pregnant women, plasma HIV-1
RNA was measured a total of 1396 times at four visits
during pregnancy and delivery (Fig. 1). The number

Copyright © 1999 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 10, 2009 . For personal use only. No other uses without permission. 



 

396

 

·

 

August 5,  1999

 

The New England Journal  of  Medicine

 

*The P value is for the comparison with all other modes of delivery.

†ACTG denotes AIDS Clinical Trials Group.

‡The P value is for the comparison with the other three groups.

 

T

 

ABLE

 

 1.

 

 U

 

NIVARIATE

 

 A

 

NALYSIS

 

 

 

OF

 

 

 

THE

 

 R

 

ELATION

 

 

 

OF

 

 V

 

ARIOUS

 

 M

 

ATERNAL

 

 

 

AND

 

 O

 

BSTETRICAL

 

 C

 

OVARIATES

 

 

 

TO

 

 

 

THE

 

 R

 

ISK

 

 

 

OF

 

 P

 

ERINATAL

 

 T

 

RANSMISSION

 

 

 

OF

 

 HIV-1.

 

C

 

HARACTERISTIC

 

N

 

O

 

. 

 

OF

 

W

 

OMEN

 

N

 

O

 

. 

 

OF

 

 
I

 

NFANTS

 

I

 

NFECTED

 

(%) P V

 

ALUE

 

C

 

HARACTERISTIC

 

N

 

O

 

. 

 

OF

 

W

 

OMEN

 

N

 

O

 

. 

 

OF

 

 
I

 

NFANTS

 

I

 

NFECTED

 

(%) P V

 

ALUE

 

Maternal age
<30 yr
»30 yr

Race or ethnic group
White
Black
Hispanic
Other 
Unknown

Site of enrollment
Illinois
Massachusetts
New York
Puerto Rico
Texas

Gestational age of infant
»37 wk
<37 wk

Birth weight of infant
»2500 g
<2500 g
Unknown

Mode of delivery
Cesarean section

Elective cesarean section
Vaginal
Unknown

Time from rupture of membranes 
to delivery

«4 hr
>4 hr
Unknown

352
200

87
234
210
17
4

113
126
165
126
22

453 
99

430
91
31

103
21

437
12

298
217
37

59 (16.8)
55 (27.5)

21 (24.1)
44 (18.8)
43 (20.5)
6 (35.3)

31 (27.4)
24 (19.0)
34 (20.6)
23 (18.3)
2 (9.1)

84 (18.5)
30 (30.3)

73 (17.0)
34 (37.4)

21 (20.4)
2 (9.5)

87 (19.9)

43 (14.4)
58 (26.7)

0.003

0.34

0.23

0.01

<0.001

0.89
0.28*

<0.001

Mean percentage of CD4 cells 
during pregnancy

<29%
»29%
Unknown

Positive HIV-1 cultures 
during pregnancy

Not always
Always
Unknown

Hepatitis C coinfection
Yes
No
Unknown

Zidovudine therapy
during pregnancy

Any
According to ACTG Protocol 

076†
Treatment for specific

indications
None
Unknown

Cigarette use during pregnancy
Yes
No

Hard-drug use during pregnancy
Yes
No
Unknown

Total

289
259

4

224
326

2

120
275
157

230
129

101

321
1

288
264

212
339

1
552

77 (26.6)
37 (14.3)

33 (14.7)
81 (24.8)

38 (31.7)
52 (18.9)

35 (15.2)
11 (8.5)

24 (23.8)

79 (24.6)

70 (24.3)
44 (16.7)

59 (27.8)
55 (16.2)

114 (20.7)

<0.001

0.004

0.009

<0.001‡

0.03

0.002

 

of measurements was similar in the group of wom-
en with perinatal transmission of HIV-1 infection
and those without perinatal transmission (data not
shown). The individual maternal plasma HIV-1 RNA
values ranged from less than 400 copies per milliliter
to 3,101,258 copies per milliliter. Only 16 of 279
women (5.7 percent) with at least three values had
persistently undetectable levels. The median plasma
HIV-1 RNA values for each visit were similar and
varied by less than 0.2 log, and the values were also
relatively stable during pregnancy in individual wom-
en, as reflected by the median SD of 0.2 log within
persons. For this reason, except where noted, the
geometric mean of all available values from all visits
was used in subsequent analyses.

 

Maternal Plasma HIV-1 RNA Levels
and the Risk of Transmission

 

The median plasma HIV-1 RNA levels were high-
er among women who transmitted the infection to
their infants than among those who did not transmit

the infection (geometric mean, 29,235 vs. 10,049
copies per milliliter) (Fig. 1). The women who trans-
mitted the infection had higher values throughout
pregnancy, by 0.3 to 0.4 log at each visit. Transmis-
sion of HIV-1 infection occurred in a broad range
of maternal plasma HIV-1 RNA levels (Fig. 1 and
Table 2). In general, the risk of transmission in-
creased with increasing maternal viral loads. Howev-
er, no threshold could be defined above which the
risk of transmission was 100 percent. Women who
were not treated with zidovudine and whose plasma
HIV-1 RNA levels exceeded 100,000 copies per mil-
liliter had the highest risk of transmission (19 of 30
infants infected; 63.3 percent; P<0.001). Regardless
of whether they received zidovudine therapy during
pregnancy, none of the 57 women with RNA levels
below 1000 copies per milliliter transmitted HIV-1
to their offspring (upper limit of the 95 percent con-
fidence interval, 5.1 percent).

To examine the pattern of change in plasma HIV-1
RNA levels, we stratified the women according to
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whether they had increasing, decreasing, or stable lev-
els throughout pregnancy. Although women whose
plasma HIV-1 RNA levels increased throughout preg-
nancy had the highest rate of transmission overall,
there was no statistically significant difference in the
risk of transmission among these three groups, even
after adjustment for the use of zidovudine therapy.

 

Potential Cofactors

 

The association between maternal plasma HIV-1
RNA levels and the risk of perinatal transmission of
HIV-1 infection was assessed for confounding by oth-
er potential cofactors. The level was not associated
with the time from the rupture of membranes to de-
livery, birth weight of the infant, illicit drug use or
smoking during pregnancy, site of enrollment, or date
of delivery. As expected, the level was strongly in-
versely associated with the percentage of CD4 cells
and the absolute CD4 count (data not shown). After
adjustment for these two covariates (Table 3), the
association between maternal plasma HIV-1 RNA
levels and the risk of perinatal transmission remained
significant (P<0.001).

 

Maternal Zidovudine Therapy

 

Treatment with zidovudine was not associated with
maternal plasma HIV-1 RNA levels (P=0.26), but
the receipt of any type of zidovudine therapy in gen-
eral was significantly associated with a lower rate of
transmission (15.2 percent, as compared with 24.6
percent among women who did not receive zidovu-
dine therapy; P<0.001). Among the women who
were treated with zidovudine, plasma HIV-1 RNA
levels were significantly higher in those who trans-
mitted the infection than in those who did not (Ta-
ble 4). However, when the women were stratified
according to the type of zidovudine therapy they re-
ceived, plasma HIV-1 RNA levels were not signifi-
cantly different between the women who transmitted
the infection and those who did not in the subgroup
treated for specific indications rather than as part of
ACTG Protocol 076. This group of women tended
to have higher plasma HIV-1 RNA levels despite
treatment with zidovudine, and the rate of perinatal
transmission in this group was essentially the same
as the rate in the untreated women and significantly
higher than the rate in the women who were treated
as part of or according to ACTG Protocol 076.

 

Multivariate Analysis

 

Logistic-regression analysis confirmed that mater-
nal plasma HIV-1 RNA levels were strongly associat-
ed with the risk of transmission even after adjustment
for other factors (Table 5). There was a progressively
higher risk of transmission with higher plasma HIV-
1 RNA levels, even after the exclusion of the group
of women with values below 1000 copies per milli-
liter, for which the transmission rate was zero. Ma-

ternal plasma HIV-1 RNA values of more than
50,000 copies per milliliter were associated with the
greatest risk of transmission. The absence of zidovu-
dine therapy during pregnancy, an interval of more
than four hours between the rupture of membranes
and delivery, and delivery of an infant who weighed
less than 2500 g at birth were also independently
associated with a higher risk of transmission in this
analysis.

 

Maternal Plasma HIV-1 RNA Levels
and the Timing of Transmission

 

In 88 of the 114 infected infants, the time at
which the infection was diagnosed could be deter-
mined on the basis of HIV-1 culture results obtained
during the first week of life. Sixty-three of the 88 in-
fants (72 percent) were considered to have late, or
peripartum, infection. Twenty-five infants had a pos-
itive HIV-1 culture within the first week of life. Of
these 25, 16 had a culture during the first 48 hours,
all of which were positive. These 16 infants were
classified as having early — presumably in utero —
infection. Despite the strong correlation between ma-
ternal plasma HIV-1 RNA levels and the risk of
transmission overall, there was no significant differ-
ence in the median levels between the mothers of
infants with early infection and the mothers of in-
fants with late infection. There was no significant re-
lation between the rates of early or late transmission
and maternal plasma HIV-1 RNA levels measured
throughout the pregnancy or in early or late preg-
nancy. Stratification of the groups according to the
use of zidovudine therapy during pregnancy did not
change the results. These results indicate that there
was no relation between maternal plasma HIV-1
RNA levels at any time during pregnancy and the
risk of transmission early or late in pregnancy.

 

DISCUSSION

 

Measurements of plasma HIV-1 RNA levels have
considerable value as a marker of the response to an-
tiretroviral therapy as well as for predicting the risk
of disease progression and death.

 

14

 

 Our findings dem-
onstrate the importance of maternal plasma HIV-1
RNA measurements in predicting the risk of peri-
natal transmission of the infection. Higher plasma
HIV-1 RNA values were associated with a significant
risk of transmitting HIV-1 from mother to infant.

A very strong correlation between maternal plasma
HIV-1 RNA levels and the risk of perinatal transmis-
sion has been found in several small studies,

 

15,16

 

whereas larger studies have found little or no associ-
ation.

 

17-19

 

 Although the levels were not measured in
all the women in our study at all four times, the num-
ber of measurements and the median plasma HIV-1
RNA levels at each visit were similar in the group of
women with perinatal transmission of infection and
the group without perinatal transmission. The re-

Copyright © 1999 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 10, 2009 . For personal use only. No other uses without permission. 



 

398

 

·

 

August 5,  1999

 

The New England Journal  of  Medicine

 

Figure 1.

 

 Maternal Plasma HIV-1 RNA Levels at Each Visit and Geometric Mean Values during Pregnancy, According to Transmission
Status.
The limit of detection of the assay was 400 HIV-1 RNA copies per milliliter. Visit 1 occurred during the first 18 weeks of gestation,
visit 2 between 19 and 31 weeks of gestation, and visit 3 from 32 weeks of gestation to delivery. The geometric mean values include
the values obtained throughout pregnancy and at delivery. Bars indicate the median plasma HIV-1 RNA levels. P values are for the
comparison between women who transmitted the infection to their infants and those who did not transmit the infection.
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sults of our analyses were unchanged whether geo-
metric mean values for all visits or values from each
of the four visits were used. In addition, the risk of
transmission was more closely related to the absolute
maternal plasma HIV-1 RNA level than to a change
in the level.

Previous studies have suggested that there is an
upper threshold of maternal viremia, above which
transmission is unavoidable, and a lower threshold,
below which transmission is rare.

 

15,20

 

 Despite the high
rate of transmission (63.3 percent) among women
who had not received zidovudine and whose plasma
HIV-1 RNA levels exceeded 100,000 copies per mil-
liliter, we found no threshold level above which the
rate of transmission was 100 percent. Perinatal trans-

mission did not occur among women with plasma
HIV-1 RNA levels of less than 1000 copies per mil-
liliter, but there are at least three reports of transmis-
sion occurring at low levels, including one in which
16 of 132 women (12 percent) who had HIV-1
RNA levels of less than 1000 copies per milliliter
transmitted HIV-1 to their infants.

 

17,18,21

 

Treatment with zidovudine during pregnancy re-
duces the risk of perinatal transmission.

 

1,3,22,23

 

 In our
study, treatment with zidovudine during pregnancy
was associated with a lower rate of transmission
among women with plasma HIV-1 RNA levels of
1000 copies per milliliter or more, especially among
those who were treated according to ACTG Proto-
col 076. There was no significant difference in trans-

 

*Values are the geometric means of measurements obtained throughout pregnancy. For each wom-
an, levels were measured up to three times during pregnancy and once at delivery. The treatment
status of one woman was not known.

†The P values were calculated with use of the Mantel extension test for trend. 
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 PERINATAL TRANSMISSION OF HIV-1 ACCORDING TO 
MATERNAL PLASMA HIV-1 RNA LEVELS AND THE USE OF ZIDOVUDINE 

THERAPY DURING PREGNANCY.*

ZIDOVUDINE

THERAPY MATERNAL PLASMA HIV-1 RNA COPIES/ml P VALUE†

<1000 1000–10,000 >10,000–50,000 >50,000–100,000 >100,000

no. of infants infected/total no. (%)

Yes 0/22 10/83  (12.0) 13/75  (17.3) 5/16 (31.2) 7/34 (20.6) 0.02

No 0/35 22/110 (20.0) 26/108 (24.1) 12/38 (31.6) 19/30 (63.3) <0.001

Total 0/57 32/193 (16.6) 39/183 (21.3) 17/54 (30.9) 26/64 (40.6) <0.001

*The median values for all visits are shown. P<0.001 by tests for trend for rates of transmission
and maternal plasma HIV-1 RNA levels, with adjustment for the percentage of CD4 cells and CD4
cell count.

†Data were missing for four women.

‡Data were missing for six women.

TABLE 3. RATES OF PERINATAL TRANSMISSION OF HIV-1 ACCORDING TO MATERNAL 
PLASMA HIV-1 RNA LEVELS, PERCENTAGE OF CD4 CELLS, AND CD4 CELL COUNT.

VARIABLE MATERNAL PLASMA HIV-1 RNA COPIES/ml*

<1000 1000–10,000 >10,000–50,000 >50,000

no. of infants infected/total no. (%)

Percentage of CD4 cells†
<14%
14–28%
»29%

0/1
0/7
0/48

2/4  (50.0)
11/71  (15.5)
19/116 (16.4)

2/21 (9.5)
25/96 (26.0)
12/66 (18.2)

7/21 (33.3)
30/68 (44.1)
6/29 (20.7)

CD4 cell count‡
<200/mm3

200–499/mm3

»500/mm3

0/1
0/12
0/43

2/10  (20.0)
11/71  (15.5)
17/108 (15.7)

4/26 (15.4)
18/90 (20.0)
17/67 (25.4)

12/33 (36.4)
26/64 (40.6)
5/21 (23.8)
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mission rates between the women with a response to
zidovudine therapy and those with no response.
Taken together, these data support the conclusion of
Sperling et al.17 that treatment with zidovudine dur-
ing pregnancy reduces the risk of perinatal transmis-
sion, but not solely as a result of a reduction in ma-
ternal plasma HIV-1 RNA levels. The same may not
be true for combinations of potent antiretroviral
drugs that are capable of reducing maternal plasma
HIV-1 RNA to undetectable levels.

In our study, perinatal transmission occurred pre-
dominantly in the peripartum period. Although ma-
ternal plasma HIV-1 RNA levels were closely associ-
ated with the risk of perinatal transmission of HIV-1
infection overall, there was no discernible relation
between the levels and the timing of neonatal infec-
tion. The relation between maternal plasma HIV-1
RNA levels and the risk of perinatal transmission may
relate more to the mechanism of transmission (i.e.,
transplacental transfer of virus or exposure to virus
in the genital tract) than to the timing of transmission.

How, then, should measurements of viral load be
used in the care of HIV-infected pregnant women?
One answer is to use antiretroviral therapy to im-
prove the woman’s health, as advised in treatment
guidelines developed by the Public Health Service.24

Although there is uncertainty about the degree to
which viral replication must be suppressed to pre-
vent disease progression, preserve immune function,
and inhibit the development of resistant strains of
HIV-1, there is general agreement that decreasing
plasma HIV-1 RNA levels to below the limits of de-
tection of currently available assays is the most ap-
propriate treatment goal. Achieving that goal should

also help prevent perinatal transmission, given the
absence of transmission among women with low plas-
ma HIV-1 RNA levels in our study. Validating this
treatment goal is important, since a treatment-induced
reduction in the viral load may not be equivalent to
a spontaneously low level with respect to the risk of
perinatal transmission.

*Data were missing for one woman. ACTG denotes AIDS Clinical Trials Group.

†Values are the geometric means of all measurements obtained throughout pregnancy and at delivery.

‡P values were calculated by the two-sample Wilcoxon test for the comparison of women who
transmitted HIV-1 infection with those who did not.

TABLE 4. MATERNAL PLASMA HIV-1 RNA LEVELS THROUGHOUT PREGNANCY, 
ACCORDING TO TRANSMISSION STATUS AND THE TYPE OF ZIDOVUDINE THERAPY.

ZIDOVUDINE THERAPY* PERINATAL TRANSMISSION

NO PERINATAL 
TRANSMISSION

P
VALUE‡

NO. OF

WOMEN

MEDIAN

HIV-1 RNA
LEVEL†

TRANSMISSION

RATE

NO. OF 
WOMEN

MEDIAN

HIV-1 RNA
LEVEL†

copies/ml % copies/ml

None 79 28,242 24.6 242 9,691 <0.001

Any
According to ACTG

Protocol 076
Treatment for specific

indications

35
11

24

30,227
31,352

26,071

15.2
8.5

23.8

195
118

77

11,625
7,587

18,266

0.007
0.02

0.40

Total 114 29,235 20.7 438 10,049 <0.001

*The analysis excluded women with plasma HIV-1 RNA levels of less
than 1000 copies per milliliter, since there were no cases of transmission in
this group. CI denotes confidence interval, and ACTG AIDS Clinical Trials
Group.

†Plasma HIV-1 RNA levels (geometric mean values for all measurements
made throughout pregnancy and at delivery) were modeled as a categorical
variable (data were available for 437 women). Results were very similar when
plasma HIV-1 RNA levels were modeled as a single ordered categorical var-
iable (with equally spaced categories) that included women with values of
less than 1000 copies per milliliter (data were available for 491 women).

‡The P value is for the test for trend.

TABLE 5. RESULTS OF MULTIPLE LOGISTIC-REGRESSION ANALYSIS 
OF THE RISK OF PERINATAL TRANSMISSION OF HIV-1.*

COVARIATE

ODDS RATIO

(95% CI)
P

VALUE

Maternal plasma HIV-1 RNA level†
1000–10,000 copies/ml
>10,000–50,000 copies/ml
>50,000 copies/ml

1.0
1.6 (0.9–2.9)
3.7 (2.0–7.0)

<0.001‡

Zidovudine therapy
None
Any

Treatment for specific indications
According to ACTG Protocol 076

1.0

0.7 (0.4–1.2)
0.3 (0.1–0.6)

0.20
<0.001

Time from rupture of membranes to 
delivery >4 hr

2.0 (1.2–3.3) 0.005

Low birth weight of infant (<2500 g) 2.8 (1.6–5.0) <0.001
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Because the causes of perinatal transmission are
multifactorial, attention must be paid to other po-
tentially modifiable risk factors. Of all the independ-
ent factors related to the risk of transmission in this
cohort of women, maternal plasma HIV-1 RNA lev-
els and the use of antiretroviral-drug therapy are per-
haps the most easily modifiable risk factors. Yet, wom-
en with low or undetectable plasma HIV-1 RNA
levels should not be falsely reassured but, instead,
should be offered zidovudine therapy because of its
demonstrated efficacy in reducing the risk of trans-
mission regardless of the maternal HIV-1 RNA levels.
Whether there is an additional benefit of elective ce-
sarean delivery in decreasing the already low risk of
perinatal transmission among pregnant women with
low levels of plasma HIV-1 RNA has yet to be de-
termined.25-27
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