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ABSTRACT

Background Maternal, obstetrical, and infant-relat-
ed factors associated with the risk of perinatal trans-
mission of human immunodeficiency virus type 1
(HIV-1) were identified before the widespread use of
zidovudine therapy in pregnant women. The risk fac-
tors for transmission when women and infants re-
ceive zidovudine are not well characterized.

Methods We examined the effects of maternal,
obstetrical, and infant-related characteristics and ma-
ternal virologic and immunologic variables on the
risk of perinatal transmission of HIV-1 among 480
women and their infants, all of whom received zido-
vudine. The women and infants were participating in
a phase 3 trial of passive immunoprophylaxis for the
prevention of perinatal transmission.

Results In univariate analyses, the risk of perinatal
transmission was associated with each of the follow-
ing: decreased maternal CD4+ lymphocyte counts at
base line; decreased maternal HIV-1 p24 antibody lev-
els at base line and delivery; increased maternal
HIV-1 titer at base line and delivery; increased mater-
nal HIV-1 RNA levels at base line and delivery; and the
presence of chorioamnionitis at delivery. In multi-
variate analyses, the only independent risk factor was
the maternal HIV-1 RNA level at base line (odds ratio
for transmission, 2.4 per log increase in the number
of copies; 95 percent confidence interval, 1.2 to 4.7;
P=0.02) and at delivery (odds ratio, 3.4; 95 percent
confidence interval, 1.7 to 6.8; P=0.001). There was no
perinatal transmission of HIV-1 among the 84 women
who had HIV-1 levels below the limit of detection (500
copies per milliliter) at base line or the 107 women
who had undetectable levels at delivery.

Conclusions Among pregnant women and their
infants, all treated with zidovudine, the maternal plas-
ma HIV-1 RNA level was the best predictor of the risk
of perinatal transmission of HIV-1. Antiretroviral ther-
apy that reduces the HIV-1 RNA level to below 500
copies per milliliter appears to minimize the risk of
perinatal transmission as well as improve the health of
the women. (N Engl J Med 1999;341:385-93.)
©1999, Massachusetts Medical Society.

EVERAL studies have identified maternal,

obstetrical, and infant characteristics associat-

ed with perinatal transmission of human im-

munodeficiency virus type 1 (HIV-1).11¢ How-
ever, these studies were conducted primarily before
the widespread use of zidovudine for the prevention
of perinatal transmission.!*17 Few studies have iden-
tified risk factors for transmission among HIV-1—
infected women and infants who are receiving zido-
vudine,'$2! yet such information is critical to the
development of new interventions to reduce the risk
of perinatal transmission further.

In the Pediatric AIDS Clinical Trials Group
(ACTQG) Study 185, a trial of passive immunoprophy-
laxis in which pregnant women with advanced HIV-1
disease were enrolled, prophylaxis with zidovudine
was administered to all the women during and after
pregnancy and to their infants after delivery. Detailed
information on antenatal and obstetrical variables was
collected during the trial, and laboratory assays were
performed at several points during the women’s preg-
nancies to determine maternal plasma levels of HIV-1
RNA, viral titers in quantitative cultures of peripheral-
blood mononuclear cells, CD4+ lymphocyte counts,
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and quantitative HIV-1 p24 antibody levels. Thus,
we were able to evaluate the independent contribu-
tion of potential risk factors for perinatal transmis-
sion of HIV-1 in a population of women and infants
who received zidovudine.

METHODS
Study Design

The study was a multicenter, randomized, controlled phase
3 clinical trial conducted between October 1993 and March 1997
at 53 clinical sites in the contiguous United States and Puerto
Rico. We evaluated whether prophylaxis with zidovudine combined
with HIV-1 hyperimmune globulin (HIV-IG, North American Bi-
ologicals, Boca Raton, Fla.) at a dose of 200 mg per kilogram of
body weight administered intravenously to the women each month
during pregnancy and once to the neonates at birth would lower
the risk of perinatal HIV-1 transmission more than would zido-
vudine and intravenous infusions of immune globulin without
HIV-1 antibody (Gamimune N; Bayer, West Haven, Conn.), at a
dose of 200 mg per kilogram. The preparation of HIV-1 hyper-
immune globulin and the results of the phase 3 trial have been de-
scribed previously.222¢ The study protocol and informed-consent
forms were reviewed and approved by the institutional review board
at each participating center. Each woman gave written informed
consent for herself and (along with the father of the child, when
possible) for her child or children.

We enrolled HIV-1-infected women who were 20 to 30 weeks’
pregnant, who had CD4+ lymphocyte counts of no more than
500 per cubic millimeter, and who were receiving zidovudine as
prescribed by their physicians. Women continued the antepartum
antiretroviral regimen and received intrapartum intravenous zido-
vudine (a loading dose of 2 mg per kilogram followed by a contin-
uous infusion of 1 mg per kilogram per hour). Their infants received
the standard six-week course of zidovudine prophylaxis (2 mg per
kilogram orally four times per day).!s Nucleoside analogues other
than zidovudine and non-nucleoside reverse-transcriptase inhibi-
tors were permitted with the approval of the protocol chair. Pro-
tease inhibitors became available only during the final year of the
study; because no data were available on the safety of these drugs
during pregnancy, women who were receiving protease inhibitors
during pregnancy were excluded from the study. None of the
women breast-fed their infants.

The women were seen monthly during pregnancy and at delivery.
Quantitative culture of peripheral-blood mononuclear cells for
HIV-1 was performed and blood specimens were obtained for as-
sessment of HIV-1 RNA levels at base line, just before the third
infusion of HIV-1 hyperimmune globulin or immune globulin
(third trimester), and at delivery. The absolute number and per-
centage of CD4+ lymphocytes were assessed at base line and just
before the third infusion. Chorioamnionitis was diagnosed clini-
cally by a physician; specific histopathological diagnosis was not
part of the protocol. The women were also evaluated 6 weeks and
3, 6,12, and 18 months after delivery.

Infants were seen at weeks 1, 2, 6, and 12; every 4 weeks from
week 16 through week 24; every 12 weeks from week 24 through
week 60; and for a final evaluation at week 78 (approximately 18
months). Peripheral-blood mononuclear cells were obtained from
the infants at birth and at 6, 24, and 48 weeks of age for quanti-
tative cultures. A second, confirmatory culture was performed for
all infants who had a positive culture. The infants’ status with re-
spect to HIV-1 infection was based on the results of the HIV cul-
tures. The results of all virologic and serologic assays were re-
viewed in a blinded fashion by a subgroup of the study team for
the final determination of infection status. Pregnancies resulting
in multiple births were counted only once in the assessment of
infection status: transmission was considered to have occurred if
any of the infants were infected and not to have occurred if none
were infected.
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We calculated that 400 women were needed in each treatment
group for the study to have a power of 80 percent to detect a 50
percent reduction in the rate of perinatal transmission of HIV-1
with the use of HIV-1 hyperimmune globulin, assuming that the
rate of transmission in the group given intravenous immune glob-
ulin was at least 15 percent. This assumption was based on the
more advanced stage of disease and the prior use of antiretroviral
drugs among the women enrolled in this study as compared with
those enrolled in ACTG Protocol 076.1522 However, at the first
planned interim analysis in March 1997, the overall rate of trans-
mission was only 4.8 percent (4.7 percent in the group that received
HIV-1 hyperimmune globulin and 4.8 percent in the group that
received intravenous immune globulin), well below the percent-
age on which the initial calculations of power and sample size were
based.2? Given the unexpectedly low overall rate of transmission,
an estimated treatment effect that appeared to be much less than
50 percent, and the large increase in the sample size that would be
required to address the original hypothesis with adequate power,
enrollment in the study was discontinued on March 25, 1997.23

Laboratory Assays

Quantitative microculture of peripheral-blood mononuclear
cells and lymphocyte phenotyping were performed in study lab-
oratories according to standard methods.25:2¢ The titer of HIV-1
in cultures of peripheral-blood mononuclear cells was expressed
as the number of infectious units per million cells. Flow cytometry
was performed on EDTA-treated whole blood within 30 hours
after collection.

For assays of HIV-1 RNA, within 30 hours after collection,
plasma was separated from fresh whole blood that had been treated
with acid—citrate—dextrose, stored at —70°C, and shipped over-
night on dry ice to a central repository.2” HIV-1 RNA was meas-
ured with a nucleic acid sequence—based amplification assay accord-
ing to the manufacturer’s instructions (Organon Teknika, Durham,
N.C.). The lower limit of detection was 500 copies per milliliter.
All specimens for an individual patient were assayed in a batched
fashion whenever possible. All assays were performed by a single
laboratory participating in the Division of AIDS Virology Quality
Assurance program.

The plasma HIV-1 p24 antibody level was determined with the
use of an enzyme immunoassay according to the manufacturer’s
instructions (Abbott Laboratories, Chicago). Plasma samples from
the patients were incubated with polystyrene beads coated with re-
combinant p24 antigen. HIV-1 p24 antibodies were quantified on
the basis of the end-point titer in serial dilutions (1:1 to 1:390,625)
of plasma. Results are expressed as reciprocal titer units.

Statistical Analysis

Possible risk factors for perinatal transmission were evaluated
with chi-square and logistic-regression analysis. The HIV-1 RNA
level, the HIV-1 titer, the CD4+ lymphocyte count, and the
HIV-1 p24 antibody level in the mother were evaluated as both
categorical and continuous variables; virologic values and anti-
body titer were log-transformed for analyses.

Results of HIV-1 RNA and p24 antibody assays that were be-
low the limit of detection were assigned values that were one half
the limit of detection (e.g., 250 copies per milliliter for HIV-1
RNA and 0.5 reciprocal titer unit for p24 antibody). Goodness-
of-fit tests indicated that both the univariate and multivariate
models fit the data reasonably well when the assigned values were
used. Logistic-regression analysis was used to test whether the
model for the probability of transmission differed significantly
with the inclusion of such values. Since no significant difference was
found, we used the assigned values in continuous-variable analyses
for subsequent analyses.

Repeated-measures analysis was used for longitudinal compar-
isons of prognostic markers for the risk of transmission. Variables
significantly associated with the risk of perinatal transmission in
univariate analyses were included in multivariate logistic-regression
models. Goodness of fit was evaluated with the use of the Hos-
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mer—Lemeshow method?2® and the Schwarz criterion2’; none of the
models evaluated showed a significant lack of fit (P>0.08 by the
Hosmer—Lemeshow method). Collinearity was evaluated with
the use of condition indexes and variance decomposition.28:30:31

RESULTS
Study Population

A total of 501 women were enrolled in the study;
4 were lost to follow-up before delivery, resulting in
a study population of 497 women. There were 505
live-born infants, including 9 sets of twins and 487
singletons, and 1 stillborn infant. The infection sta-
tus could not be determined for the stillborn infant
and 16 live-born infants (3.4 percent); 6 infants died
during the neonatal period, and 10 were lost to fol-
low-up before the age of six months, the time at
which definitive infection status could be ascertained.
Therefore, the final study population consisted of
480 mother—infant pairs. Overall, 24 infants were in-
fected (5.0 percent; 95 percent confidence interval,
3.1 to 6.9 percent).

There were no significant differences between the
group that received HIV-1 hyperimmune globulin
and the group that received intravenous immune
globulin with respect to base-line maternal, obstetri-
cal, and infant characteristics (data not shown) or rates
of HIV-1 transmission (4.1 percent [95 percent con-
fidence interval, 1.6 to 6.5 percent] vs. 6.0 percent
[95 percent confidence interval, 2.9 to 9.0 percent],
P=0.34). Since the rates of perinatal HIV-1 transmis-
sion and the clinical and laboratory characteristics were
similar in the two groups, data for all women were
combined in all subsequent analyses of risk factors.

Base-line titers of HIV-1 peripheral-blood mono-
nuclear cells were available for 444 of the 480 women
(92.5 percent), levels of HIV-1 RNA were available
for 479 (99.8 percent), and p24 antibody levels were
available for 476 (99.2 percent). At base line, the
mean CD4+ lymphocyte count was 310 per cubic
millimeter (median, 315), the mean HIV-1 titer was
77.5 infectious units per million (median, 8.1), the
mean HIV-1 RNA level was 38,346 copies per mil-
liliter (median, 8000), and the mean HIV-1 p24 an-
tibody level was 19,219 reciprocal titer units (median,
114). Antiretroviral therapy was started before the
current pregnancy in 116 women (24 percent). Dur-
ing the pregnancy, 6 women (1 percent) received
antenatal treatment with a single nucleoside ana-
logue other than zidovudine and 68 (14.2 percent)
received antenatal treatment with two (66 women)
or three (2 women) nucleoside analogues. Only 27
women (5.6 percent) had their regimens changed be-
tween base line and delivery; most regimens were
switched from monotherapy with zidovudine to ther-
apy with a combination of nucleoside analogues.

Univariate Analysis of Risk Factors

The maternal CD4+ lymphocyte count at base line
was significantly associated with the risk of transmis-

sion of HIV-1 (Tables 1 and 2). The mean CD4+
lymphocyte count was significantly lower at base line
and during the third trimester among the women who
transmitted the infection to their infants than among
those who did not transmit the infection (P<<0.001)
(Table 3).

The HIV-1 titers at base line and at delivery were
also significantly associated with the risk of transmis-
sion (Tables 1 and 2). The mean titer was significantly
higher at base line, during the third trimester, and at
delivery among the women who transmitted the in-
fection than among those who did not (P<0.001)
(Table 3).

The HIV-1 RNA levels at base line and at delivery
were significantly associated with the risk of transmis-
sion (Tables 1 and 2). HIV-1 RNA levels were gener-
ally stable during pregnancy (r=0.75 for the compar-
ison of base-line levels and levels at delivery, P<<
0.001). For the 451 women (94.0 percent) for whom
levels were measured at both base line and delivery,
the levels did not change appreciably (<0.5 log) in
276 (61.2 percent), the levels increased by at least
0.5 log in 55 (12.2 percent), and the levels decreased
by at least 0.5 log in 120 (26.6 percent). There was
no association between a change in HIV-1 RNA
levels and the risk of transmission (P=0.34).

There were no significant associations between
the age at which the first positive HIV-1 culture was
obtained in infected infants (<48 hours vs. =1 week)
and the maternal HIV-1 RNA level, either at base line
(P=0.35) or at delivery (P=0.56). Although trans-
mission of infection was observed at all detectable lev-
els of HIV-1 RNA, there were no instances of peri-
natal transmission among the 84 women who had
levels below the limit of detection at base line and
the 107 women who had undetectable levels at de-
livery (Table 1). The upper limit of the 95 percent
confidence interval for the risk of perinatal transmis-
sion among women with undetectable HIV-1 RNA
levels at base line was 3.5 percent, and for those with
undetectable levels at delivery, it was 2.8 percent.

The HIV-1 p24 antibody levels at base line and at
delivery were also associated with the risk of trans-
mission (Tables 1 and 2). The mean HIV-1 p24 an-
tibody levels were significantly lower at base line, dur-
ing the third trimester, and at delivery among the
women who transmitted infection to their infants than
among those who did not (P=0.001) (Table 3).

At base line, antibody levels were similar among
the women who received HIV-1 hyperimmune glob-
ulin and those who received immune globulin and
were lower among women who transmitted the in-
fection than among those who did not. Antibody
levels did not change significantly during the study
in the immune-globulin group. HIV-1 hyperimmune
globulin was specifically manufactured to contain
high levels of HIV-1 p24 antibody,!%22 and therefore
at delivery, the women who received this treatment
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TABLE 1. RESULTS OF CATEGORICAL UNIVARIATE ANALYSIS OF RISK FACTORS
FOR PERINATAL TRANSMISSION OF HIV-1 INFECTION.*

Risk FACTOR

Maternal

Cigarette smoking during pregnancy
Yes
No
Unknown
Alcohol use during pregnancy
Yes
No
Unknown
Hard-drug use during pregnancyt
Yes
No
Unknown
Diagnosis of sexually transmitted discase
during pregnancyf
Yes
No
Treatment group
HIV-1 hyperimmune globulin
Immune globulin
Antiretroviral use
Begun before pregnancy
Begun during pregnancy
Type of antiretroviral therapy
Single nucleoside analogue
Combination of nucleoside analogues
CD4+ lymphocyte count at base line
<200/mm?3
=200/mm?
HIV-1 titer at base line
<10 ITUPM
10 to 49.99 TUPM
=50 ITUPM
Unknown
HIV-1 titer at delivery
<10 ITUPM
10 to 49.99 TUPM
=50 TUPM
Unknown
HIV-1 RNA at base line
<500 copies,/ml
=500 copies/ml
Unknown
HIV-1 RNA at delivery
<500 copies/ml
=500 copies/ml
Unknown
HIV-1 p24 antibody at base line
<5 RTU
=5 RTU
Unknown
HIV-1 p24 antibody at delivery
<5 RTU
=5 RTU
Unknown

No. oF No. oF INFANTS
WoMEN INFECTED (%) P VALUE
148 9 (6.1) 0.47
331 15 (4.5)
1
87 7 (8.0) 0.17
391 17 (4.3)
2
58 4(6.9) 0.52
420 20 (4.8)
2
134 6 (4.5) 0.74
346 18 (5.2)
246 10 (4.1) 0.34
234 14 (6.0)
116 7 (6.0) 0.56
364 17 (4.7)
412 22 (5.3) 0.56
68 2(2.9)
109 14 (12.8) 0.001
371 10 (2.7)
267 10 (3.7) 0.16
113 7 (6.2)
64 6(9.4)
36 1
278 8(2.9) 0.005
83 7 (8.4)
71 8 (11.3)
48 1
84 0 0.01
395 24 (6.1)
1
107 0 0.006
344 23 (6.7)
29 1
120 14 (11.7) 0.001
356 10 (2.8)
4
54 8 (14.8) 0.003
397 15 (3.8)
29 1

had mean HIV-1 p24 antibody levels that were more
than 1 log reciprocal titer unit higher than those in
the women who received immune globulin. Inter-
estingly, although lower antibody levels at delivery
were associated with higher rates of transmission in
both treatment groups, the women who transmitted
the infection in the group that received HIV-1 hy-
perimmune globulin had higher mean antibody lev-
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els at delivery than the women who did not transmit
the infection in the group that received immune
globulin (3.4 log vs. 2.3 log reciprocal titer units).
The effect of HIV-1 hyperimmune globulin and
immune globulin on the association of HIV-1 p24
antibody levels and the risk of transmission was eval-
uated in models that included treatment as a covariate,
as well as a term for possible interactions between
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TABLE 1. CONTINUED.

No. oF No. oF INFANTS
Risk FACTOR WoMEN INFECTED (%) P VaLUE
Obstetrical
Diagnosis of chorioamnionitis
Yes 19 3 (15.8) 0.06
No 461 21 (4.6)
Time from rupture of membranes to delivery
<4 hr 275 12 (4.4) 0.41
=4 hr 180 11 (6.1)
Unknown 25 1
Mode of delivery
Vaginal 352 20 (5.7) 0.42
Nonelective cesarean 92 4 (4.3)
Elective cesarean§ 36 0
Infant
Gestational age at birth
<37 wk 82 6 (7.3) 0.27
=37 wk 398 18 (4.5)
Birth weight{
<2500 g 64 6(9.4) 0.11
=2500 g 416 18 (4.3)
Break in infant’s skin during labor||
Yes 38 4 (10.5) 0.11
No 442 20 (4.5)

*Other nonsignificant risk factors included maternal age (P=0.50), maternal weight at base line
(P=0.77), unexplained vaginal bleeding during pregnancy (P=0.29), antenatal invasive obstetrical
procedures (percutaneous umbilical-cord blood sampling, chorionic-villus sampling, cerclage place-
ment, or amniocentesis) (P=0.61), placenta previa or abruptio placentac (P=1.00), preterm labor
requiring tocolytic therapy (P=0.41), and premature rupture of the membranes (=24 hours before
delivery) (P=0.35). Women with missing values were not included in the analyses. IUPM denotes
infectious units per million cells, and RTU reciprocal titer units.

tHard-drug use was defined as the use of cocaine, heroin, or injection drugs.
fSexually transmitted diseases were gonorrhea, chlamydia, syphilis, chancroid, and genital herpes.

§Elective cesarean delivery was defined as operative delivery before the onset of labor and rupture
of the membranes.

{For twin births, the lower of the two birth weights was used.

| This category included breaks in the infant’s skin that occurred at birth, during blood sampling,
during placement of electrodes on the scalp, and during placement of an internal-pressure transducer.

HIV-1 p24 antibody levels and treatment with HIV-1
hyperimmune globulin. There was no evidence of a
modifying effect of HIV-1 hyperimmune globulin
on the relation between p24 antibody levels and the
risk of transmission of HIV-1.

Among clinical and obstetrical variables, only the
presence of chorioamnionitis was significantly asso-
ciated with a higher risk of transmission (Tables 1 and
2). Twenty-four percent of patients had received zi-
dovudine therapy before the current pregnancy, and
this factor was not associated with the risk of trans-
mission (P=0.56).

Multivariate Analysis of Risk Factors

Separate multivariate models containing variables
significantly associated with the risk of transmission
of HIV-1 infection in the univariate analyses were
developed for the variables present at base line and for
those present at delivery. These included the CD4+

TABLE 2. RESULTS OF UNIVARIATE ANALYSIS OF CONTINUOUS RISK
FACTORS FOR PERINATAL TRANSMISSION OF HIV-1 INFECTION.

Opbs RATIO

Risk FACTOR (95% CI)* P VALUE
At base line
CD4+ lymphocyte count (per 100-cell 1.6 (1.2-2.2) 0.002

decrement)
HIV-1 titer (per log increment) 1.7 (1.1-2.6) 0.009
HIV-1 RNA (per log increment) 3.5(1.9-6.5) <0.001
HIV-1 p24 antibody (per log decrement) 1.5 (1.1-2.0) 0.006
At delivery
HIV-1 titer (per log increment) 1.8 (1.2-2.6) 0.003
HIV-1 RNA (per log increment) 4.1 (2.2-7.6) <0.001
HIV-1 p24 antibody (per log decrement) 1.5(1.2-1.9) 0.003
Presence of chorioamnionitis 39 (1.1-14.5) 0.04

*The odds ratio is for the odds of perinatal transmission of HIV-1 infec-
tion. CI denotes confidence interval.
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TABLE 3. MEAN CD4+ LYMPHOCYTE COUNTS, TITERS OF HIV-1, HIV-1 RNA LEVELS, AND p24 ANTIBODY LEVELS
AMONG WOMEN WHO TRANSMITTED HIV-1 INFECTION TO THEIR INFANTS AND THOSE WHO DID NoOT.*

VARIABLE BASE LINE THIRD TRIMESTER DELIVERY P VaLuet

PERINATAL NO PERINATAL PERINATAL NO PERINATAL PERINATAL NO PERINATAL

TRANSMISSION TRANSMISSION TRANSMISSION TRANSMISSION TRANSMISSION  TRANSMISSION

mean (95 percent confidence interval)
CD4+ lymphocyte count 218 (160-276) 315 (302-328) 222 (161-283) 329 (315-343) ND ND <0.001
(per mm?)

Titer of HIV-1 (IUPM)} 1.3 (0.9-1.7) 0.7 (0.6-0.8) 1.5 (1.1-1.9) 0.7 (0.6-0.8) 1.3 (0.9-1.7) 0.7 (0.6-0.8) <0.001
HIV-1 RNA (copies/ml)f 4.6 (4.3-5.0) 3.8 (3.7-3.9) 4.7 (44-5.1) 3.7 (3.7-3.8) 4.6 (4.2-4.9) 3.6 (3.6-3.7) <0.001
HIV-1 p24 antibody (RTU)} 1.2 (0.5-1.9) 2.2 (21-24) 1.9 (1.4-25) 2.9 (2.7-3.0) 2.1 (1.5-2.7) 3.0 (2.9-3.1) 0.001

*ND denotes not determined, TUPM infectious units per million cells, and RTU reciprocal titer units.

1P values are for the repeated-measures analysis of the overall comparison of differences between the women who transmitted the infection to their
infants and those who did not, with adjustment for longitudinal patterns and correlations over time within individual women.

tValues are expressed on a logarithmic (base 10) scale.

TABLE 4. RESULTS OF MULTIVARIATE ANALYSIS OF RISK FACTORS
FOR PERINATAL TRANSMISSION OF HIV-1 INFECTION.

ADJUSTED

Opbbs RaTiO
Risk FACTOR (95% CI)* P VALUE
At base line
CD4+ lymphocyte count (per 100-cell 1.2 (0.9-1.7) 0.21

decrement)

HIV-1 titer (per log increment) 1.2 (0.7-1.9) 0.55
HIV-1 RNA (per log increment) 2.4 (1.2-4.7) 0.02
HIV-1 p24 antibody (per log decrement) 1.3 (0.9-1.7) 0.14
At delivery
HIV-1 titer (per log increment) 1.2 (0.7-2.0) 0.56
HIV-1 RNA (per log increment) 34 (1.7-6.8) 0.001
HIV-1 p24 antibody (per log decrement) 1.3 (1.0-1.7) 0.08
Presence of chorioamnionitis 4.4 (1.0-20.6) 0.06

*The odds ratio is for the odds of perinatal transmission of HIV-1 infec-
tion. Each value was adjusted for the other risk factors in the model. CI
denotes confidence interval.

lymphocyte count, the viral load as measured by
HIV-1 titers and HIV-1 RNA levels, HIV-1 p24 an-
tibody levels, and the presence or absence of chori-
oamnionitis.

In the analysis of base-line variables, the HIV-1
RNA level was the only variable that remained inde-
pendently associated with the risk of transmission.
Similarly, in the analysis of variables at delivery, the
HIV-1 RNA level was again the only variable signif-
icantly associated with the risk of transmission (Ta-
ble 4). In the multivariate analysis of the variables
present at delivery, the presence of chorioamnionitis
was not significantly associated with the risk of trans-
mission after adjustment for the other variables includ-
ed in the model (odds ratio, 4.4; 95 percent confi-
dence interval, 1.0 to 20.6; P=0.06). In a model that
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included the HIV-1 RNA levels, both at base line and
at delivery, the levels at delivery remained signifi-
cantly associated with the risk of transmission (odds
ratio, 2.5; 95 percent confidence interval, 1.1 to 5.8;
P=0.03) but the levels at base line did not (odds ra-
tio, 2.0; 95 percent confidence interval, 0.8 to 4.9;
P=0.11).

Because HIV-1 RNA levels were correlated with
the CD4+ lymphocyte count (r=—0.37, P<<0.001),
HIV-1 titers (r=0.48, P<<0.001), and HIV-1 p24 an-
tibody levels (r=—0.15, P<<0.001), we assessed the
effect of multicollinearity on the multivariate analyses.
No significant effect was observed (data not shown).

After a review of both the univariate and multi-
variate logistic-regression analyses, the univariate
model containing HIV-1 RNA levels at delivery was
the strongest predictor of the risk of transmission of
HIV-1 infection.?

DISCUSSION

In this large cohort of women and infants who re-
ceived zidovudine, multivariate analyses were used
to adjust for a variety of virologic and immunologic
markers as well as antenatal, obstetrical, and infant-
related characteristics. In univariate analyses, general
and HIV-1-specific immunosuppression (as measured
by the CD4+ lymphocyte count and the HIV-1 p24
antibody level), the presence of chorioamnionitis, and
elevated cell-associated or plasma viral load (as meas-
ured by viral titers and HIV-1 RNA levels) were each
associated with an increased risk of HIV-1 transmis-
sion. However, in multivariate analyses, only HIV-1
RNA levels at base line and at delivery were inde-
pendently associated with the risk of transmission.

Only a few of the published studies of HIV-1
transmission among women and infants who were
receiving zidovudine have included an assessment of
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viral load with HIV-1 RNA assays,52032:33 and none
have controlled for all the covariates that we did. In
findings similar to ours, among the women who re-
ceived zidovudine in ACTG Protocol 076, HIV-1
RNA levels at base line and delivery were the only
variables for which there was a significant, albeit small,
association with the risk of perinatal transmission32;
parallel findings were reported for the Ariel Project
cohort, in which a majority of women received zido-
vudine.?? Furthermore, HIV-1 RNA levels at delivery
were independently associated with the risk of peri-
natal transmission in women receiving zidovudine in
a trial of a short course of perinatal zidovudine in
Thailand.33

Although infusions of HIV-1 hyperimmune glob-
ulin did not affect the risk of perinatal transmission
of HIV-1 in our study, HIV-1 p24 antibody levels
at base line and at delivery were associated with the
risk of transmission in univariate analyses. However,
in multivariate analyses that included the CD4+ lym-
phocyte count and viral load, this association was no
longer present. In addition, perinatal transmission
occurred despite an increase in HIV-1 p24 antibody
levels at delivery in the women who received HIV-1
hyperimmune globulin, and antibody levels at deliv-
ery in the women who transmitted infection in the
group that received HIV-1 hyperimmune globulin
were higher than those in the women who did not
transmit infection in the group that received im-
mune globulin. Thus, the HIV-1 p24 antibody level
may be a surrogate for overall maternal immune re-
sponse and stage of disease rather than an independ-
ent predictor of the risk of transmission of the virus.

Several studies conducted among pregnant women
who did not receive zidovudine, primarily in Africa,
and a recent analysis by the Ariel Project, in which
81 percent of the women studied received zidovudine,
have described an association between clinical or his-
tologically confirmed chorioamnionitis and the risk
of transmission of HIV-1 infection.3438 In the Ariel
Project, histologically confirmed chorioamnionitis,
found in 13.7 percent of women, was the only inde-
pendent predictor of the risk of transmission in multi-
variate analyses.3® The diagnosis of clinical chorioam-
nionitis was a poor predictor of histologic findings;
only 42 percent of women with clinical symptoms
had histologically confirmed chorioamnionitis. In our
study, chorioamnionitis was associated with the risk
of transmission in univariate analyses but not in mul-
tivariate analyses. However, because histologic data
from the placental examination were not collected, the
determination of chorioamnionitis was based on the
physician’s diagnosis, and the prevalence of chorio-
amnionitis was lower (4.0 percent) than in the other
studies (10 to 26 percent). Therefore, our ability to
detect a significant association between the presence
of chorioamnionitis and the risk of transmission of
HIV-1 in multivariate analyses was limited. However,

a nonsignificant trend for an association was retained
(P=0.06). Chorioamnionitis is associated with pla-
cental inflammation and immune-cell activation and
breaches in the placental barrier, which allow passage
of virus or infected lymphocytes from the mother to
the fetus. The presence of such conditions could in-
crease the risk of transmission even in women with
low levels of HIV-1 in their blood.

The use of zidovudine before pregnancy was asso-
ciated with an increased risk of transmission in a study
conducted in France3?; however, such an association
was not observed in our study, in which 24 percent
of women were receiving zidovudine before preg-
nancy. The duration of zidovudine therapy is prob-
ably a surrogate for viral resistance; there are conflict-
ing data regarding the association between resistance
to zidovudine and the risk of perinatal transmis-
sion.#%41 In ACTG Protocol 076, most of the infants
who became infected in the zidovudine group were
infected with zidovudine-sensitive strains,*® and the
results of another study suggested that zidovudine-
sensitive virus may be preferentially transmitted by
women who have mixed populations of zidovudine-
sensitive and zidovudine-resistant virus.*2 We did not
evaluate the susceptibility to zidovudine of the strains
identified in our subjects. The data from our study
are consistent with current recommendations to offer
zidovudine therapy to all infected pregnant women,
regardless of their treatment history, in an effort to
reduce the risk of perinatal transmission.!”

There were no instances of perinatal transmission
among the women who had undetectable levels of
HIV-1 RNA at the time of delivery. However, the
upper limit of the 95 percent confidence interval for
the risk of transmission was 3.5 percent among wom-
en who had undetectable levels at base line and 2.8
percent among those with undetectable levels at de-
livery. Other studies have reported perinatal transmis-
sion among women with HIV-1 RNA levels below
the limit of quantitation who were receiving zidovu-
dine.52032 Thus, we cannot conclude that there is a
threshold for viral load below which there is no risk
of perinatal transmission. Therapy with zidovudine
to reduce the risk of transmission of HIV-1 should
be recommended to all infected pregnant women re-
gardless of their HIV-1 RNA levels.l?

The HIV-1 RNA level at delivery was the strong-
est predictor of the risk of transmission in our study.
However, we could not address whether a treatment-
related reduction in HIV-1 RNA levels during preg-
nancy will further decrease the risk of perinatal trans-
mission. The Public Health Service recommends that
antiretroviral treatment of HIV-1-infected pregnant
women should follow the same standards used for in-
fected women who are not pregnant and for men.7#3
Thus, combination antiretroviral therapy is recom-
mended for the treatment of HIV-1-infected women
with HIV-1 RNA levels above 10,000 to 20,000 cop-
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ies per milliliter.#3 Although further studies are need-
ed, our data strongly suggest that the use during
pregnancy of antiretroviral regimens that reduce the
HIV-1 RNA levels to below the limit of detection
may reduce the risk of perinatal transmission of the
virus as well as improve the health of the women.
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APPENDIX

The following institutions and persons participated in Pediatric AIDS
Clinical Trials Group Study 185: Case Western Reserve University Hospital,
Cleveland — P. Toltzis and S. Gillinou; University of Medicine and Dentistry
of New Jersey, Newark — J. Oleske and A. Bardequez; Children’s Hospital
and Brigham and Women’s Hospital, Boston — S. Burchett, K. McIntosh,
and R. Tuomala; Boston Medical Center, Boston — S. Pelton and M. Mi-
rochnick; University of Californin Medical Center at Los Angeles, Los Ange-
les — Y. Bryson and P. Boyer; Harbor—UCLA Medical Center, Los Angeles
— M. Keller and M. Beall; Johns Hopkins University School of Medicine, Bal-
timore — A. Ruft and J. Anderson; University of Maryland, Baltimore — D.
Vink and L. Alger; Baylor College of Medicine and University of Texas Med-
ical School, Houston — W. Shearer and H. Hammill; Columbia—Presbyterian
Medical Center, New York — A. Gershon, J. Pitt, and G. Brown; University
of Miami School of Medicine, Minmi— G. Scott and M.]J. O’Sullivan; Mount
Sinai School of Medicine, New York — H. Sacks and R. Sperling; New York
University Medical Center, New York — W. Borkowsky and M. Allen; Uni-
versity of California at San Francisco and San Francisco General Hospital,
San Francisco — D. Wara, S. Kilpatrick, and D. Landers; University of Cal-
ifornin at San Diggo, La Jolln — S. Spector, M. Besser, and M. Caftery;
University of North Carolina, Chapel Hill — W. Lim and M. McMahon;
University of Illinois, Chicago — K. Rich and M. Vajaranant; San Juan City
Hospital, San Juan, PR. — E. Jimenez and J. Gandia; Ramon Ruiz Arnan
University Hospital, Bayamon, P.R. — R. Aguayo and H. Cintron-Principe;
State University of New York at Stony Brook, Stony Brook — S. Nachman and
D. Baker; Childven’s Hospital of Michigan and Hutzel Hospital, Detroit —
E. Moore and T. Jones; Albany Medical Center, Albany, N.Y. — M. Lepow,
N. Wade, and R. Samelson; University of Texas Southwestern Medical Cen-
ter, Dallns — J. Squires and G. Wendel; Howard University Hospital, Wash-
ington, D.C. — S. Rana and B. Wesley; Los Angeles County and University
of Southern California Medical Center, Los Angeles — A. Kovacs and A.
Stek; University of Florida Health Science Center, Jacksonville— M. Rathore
and I. Delke; University of Colorado Health Science Center, Denver — M.
Levin, E. McFarland, and J. McGregor; Virginia Commonwealth University,
Richmond — S. Lavoie and M. Dinsmoor; St. Jude Children’s Research Hos-
pital, Regional Medical Center of Memphis, and Methodist Hospital, Mem-
phis, Tenn. — . Flynn and R. Lewis; University of Puerto Rico School of
Medicine, San Juan — C. Diaz and C. Zorrilla; Children’s Hospital of Phil-
adelphin and Hospital of University of Pennsylvanin, Philadelphia — S. Starr,
J. Merrill, and N. Rose; Thomas Jefferson University Hospital, Philadelphia
— S. Adeniyi-Jones and N. Silverman; St. Christopher’s Hospital for Chil-
dren and Temple University, Philadelphin — H. Lischner and V. Whiteman;
Children’s Hospital and Medical Center, Seattle — L. Frankel and D. Watts;
Bronx—Lebanon Hospital, Bronx, N.Y. — A. Wiznia and L. Solomon; Chil-
dren’s National Medical Center and Washington Hospital Center, Washing-
ton, D.C. — T. Rakusan and P. Goldstein; Children’s Hospital of the King’s
Daughters and Sentara Norfolk General Hospital, Norfolk, Va. — T. Rubio
and B. Dattel; Tulane University and Louisiana State University, New Orleans
— M. Silio and R. Maupin; Medical Center of Central Massachusetts,
Worcester — W. Durbin and K. Green; Baystate Medical Center, Springfield,
Mass. — B. Stechenberg and L. Bayer-Zwerillo; University of Connecticut
Health Center and Connecticut Children’s Medical Center, Farmington — P.
Krause and W. Campbell; University of Alabama at Birmingham, Birming-
ham — R. Pass and J. Hauth; State University of New York Health Science
Center, Brooklyn — H. Minkoff; George Washington University Medical
Center, Washington, D.C. — H. Fox; University of Minnesota, Minneapolis
C. Fletcher; Community Representatives— B. Finley and J. Davids; Sta-
tistical and Data-Analysis Center, Harvard University School of Public
Health, Boston — D. Shapiro; National Heart, Lung, and Blood Institute,
Bethesdn, Md. — L. Barbosa, E. Sloand, N.L. Geller, and D. Follman; Na-
tional Institute of Child Health and Human Development, Bethesda, Md. —
R. Nugent and A. Willoughby; National Institute of Allergy and Infections
Diseases, Bethesda, Md. — L. Purdue; Westat, Rockville, Md. — J. Korelitz,
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M. Martin, R. Mitchell, C. Larson Chebili, and D. Butler; North American
Biologicals, Boca Raton, Fla. — CV. Sapan and E Malinoski; Glaxo
Wellcome, Research Triangle Park, N.C. — S. Hetherington; Quest Diagnos-
tics, Baltimore — H. Suter and H. Paxton; and McKesson Bioservices, Rock-
ville, Md. — J. Ferinde.
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