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Abstract

Pregnancy has been associated with a low risk of HIV disease progression. Most pregnancies with HIV currently
involve women who have not experienced AIDS-defining events, and are clinically classified as Centers for Disease
Control and Prevention (CDC) groups A or B. We evaluated the main maternal outcomes among pregnant women
with more advanced HIV disease, defined by CDC-C disease stage. Data from the Italian National Program on
Surveillance on Antiretroviral Treatment in Pregnancy were used. A total of 566 HIV-infected mothers, 515 in stage
A or B (CDC-AB group) and 51 in stage C (CDC-C group) were evaluated. The two groups had similar baseline
characteristics. No differences were found in the main maternal and neonatal outcomes. Most of the women
achieved viral suppression at end of pregnancy ( > 1000 copies per milliliter: CDC-C: 17.2%; CDC-AB: 13.7%). One
year after delivery, HIV replication (HIV-RNA > 1000 copies per milliliter) was present in 11.5% of CDC-AB
women and 30.0% CDC-C women. Despite lower initial CD4 counts (300 versus 481 cells per microliter), CDC-C
women maintained stable CD4 levels during pregnancy, and 1 year after delivery, a significant increase in CD4
count from preconception values was observed in both groups (CDC-C: + 72 cells per microliter, p = 0.031; CDC-
AB: + 43 cells per microliter, p < 0.001). Only one AIDS event occurred in a woman with a previous diagnosis of
AIDS. In CDC-C women, pregnancy is not associated with an increased rate of adverse maternal or neonatal
outcomes, and a good immunovirologic response can be expected. During postpartum care, women with more
advanced HIV infection should receive particular care to prevent loss of virologic suppression.

Introduction

The management and the outcome of pregnancy in
women infected with HIV have dramatically improved in

recent decades. In high-income countries, perinatal transmis-
sion rates as low as 1.5%1 have been achieved as a consequence
of the use of highly active antiretroviral therapy (HAART) and
appropriate management of labor, delivery, and neonatal
feeding.2,3 In this new scenario, a growing number of HIV-

infected women of childbearing age desire to become pregnant,4

and can expect in the vast majority of cases to give birth to
healthy babies without a worsening of their clinical conditions.5

Although published studies suggest that pregnancy has little
or no influence on the progression of HIV disease,5–8 most of
these studies have not considered potential differences in HIV
clinical status of pregnant women. Availability of HAART and
progress in treatment and prevention of opportunistic infections
have substantially increased the longevity and the quality of life
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of patients receiving a diagnosis of AIDS, who however may not
reverse completely the immune damage already established,
remaining more susceptible to opportunistic infections. Fol-
lowing delivery, antiretroviral therapy is often discontinued
among women with HIV, with a potential increase in the risk of
AIDS-defining events (ADE) or death.9,10 It is therefore impor-
tant to compare pregnancy outcomes among women with dif-
ferent severity of HIV infection and assess on a longer term
clinical outcomes, with particular reference to women with
Centers for Disease Control and Prevention (CDC) stage C of
HIV disease, who might be at higher risk of ADE.

Methods

Population

We used data from the National Program on Surveillance
on Antiretroviral Treatment in Pregnancy, an ongoing mul-
ticenter observational study on HIV pregnant women es-
tablished in Italy in 2001.11 All the results reported here are
based on data extracted in July 2010 from the general data-
base. We considered all the women with HIV diagnosed
before pregnancy and undergoing antiretroviral therapy
(ART) at conception, who had available data on pregnancy
and delivery. Maternal preconception, pregnancy, delivery
and postpartum data, and newborn information on birth
weight, APGAR score, HIV infection, and congenital defects
were collected. Information on sexually transmitted diseases
(syphilis, gonorrhea, genital herpes, chlamydia) was also
obtained from clinical records. Positivity to cytomegalovirus
(CMV) was defined as presence of anti-CMV IgG; papillo-
mavirus infection was defined by positive cervical sampling
or clinical condylomatosis.

Cesarean section was defined as elective when performed
before the onset of labor and with intact membranes. Gesta-
tional age at birth was determined on the basis of the last
menstrual period, ultrasound biometry, or both. Gestational

age-adjusted percentiles for birth weight were calculated ac-
cording to the national reference standards by Bertino et al.,12

and birth defects were classified using the Antiretroviral
Pregnancy Registry criteria.13 Maternal HIV clinical disease
severity was classified according to the CDC definition,14 and
the two groups of women with disease stage C of CDC clas-
sification (CDC-C) and with disease stages A or B (CDC-AB)
were compared.

Statistical analysis

Differences between groups were evaluated using the v2

test for trend and the Fisher’s exact test for categorical vari-
ables and by the Mann-Whitney test for quantitative vari-
ables, and continuous variables were compared by using
Wilcoxon test. Linear regression with Pearson’s correlation
coefficient were used to evaluate correlations between quan-
titative variables. Significance levels were set at the threshold
of 0.05. All the analyses were performed using the SPSS
software, version 17.0 (SPSS Inc., Chicago, IL).

Results

Population characteristics: demographics
and coinfections

We identified 566 women who met the analysis criteria, 515
without previous AIDS events (CDC-AB group), and 51 with
previous clinical ADE (CDC-C group). Their clinical and de-
mographic characteristics are shown in Table 1. No differ-
ences in age, weight, route of infection, or ethnic origin were
observed between the groups. Unintended pregnancy was
significantly more common in the CDC-C group ( p = 0.040).
The proportion of women with coinfections (hepatitis virus B
or C [HBV, HCV], cytomegalovirus [CMV], human papillo-
mavirus [HPV], and sexually transmitted diseases [STDs])
were similar in the two groups.

Table 1. Population Characteristics

CDC-C CDC-AB p Values

Number 51 515
Age (years) (median, range) 34.0 (21.0–47.0) 34.0 (16.0–44.0) 0.485
Caucasian (%) 71.4 76.6 0.444
BMI (median, range) 20.5 (14.7–39.4) 21.5 (15.2–40.7) 0.291
Months from HIV diagnosis (median, range) 72 (5–266) 94 (3–297) 0.022
CD4 nadir (cells/ll) (median, range) 49 (0–260) 230 (1–959) <0.001
Smokers (%)a 22.2 17.3 0.435
Recent substance use (%) 7.8 6.2 0.652

Route of HIV infection (%)
Sexual 66.7 76.3 0.326
IV 29.2 20.3
Other 4.2 3.4

Unplanned pregnancy (%) 71.1 54.3 0.040
HBV coinfection (%) 14.6 12.4 0.650
HCV coinfection (%) 24.5 28.5 0.342
HPV (%) 35.3 25.5 0.225
CMV (%) 67.4 62.6 0.319
Sexually transmitted diseases (%) 14.0 16.3 0.427

aMore than 10 cigarettes/day.
CDC, Centers for Disease Control and Prevention; BMI, body mass index; IV, intravenous; HBV, hepatitis B virus; HCV, hepatitis C virus;

HPV, human papillomavirus; CMV, cytomegalovirus.
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HIV disease and antiretroviral therapy

The median interval from HIV diagnosis to pregnancy was
72 weeks (range, 5–266) in CDC-C women and 94 weeks
(range, 3–297) in CDC-AB women ( p = 0.022). Information on
CD4 nadir values was available for a small number of women
(40/51 in CDC-C group and 250/515 in CDC-AB group), and
values were significantly lower among CDC-C women (49
versus 230 cells per microliter, p < 0.001). Based on available
data, 97.5% (39/40) of CDC-C and 43.5% (111/250) of CDC-
AB women had a CD4 nadir lower than 200 CD4 cells per
microliter during their HIV infection history.

At conception, almost all the women of both groups had
nucleotide reverse transcriptase inhibitors (NRTI) included in

their regimens. Protease inhibitors (PI) were present more
frequently in the CDC-C group (66.7% versus 45.7%,
p = 0.005), while non-nucleotide reverse transcriptase inhibi-
tors (NNRTI) had an opposite trend (CDC-AB: 40.8%, CDC-C
29.4%, p = 0.134; Fig. 1A). Within NNRTI-based regimens, use
of efavirenz was more common in the CDC-C group com-
pared to the CDC-AB group (66.7 versus 32.9%, p = 0.010).

Changes of regimens involved 52.0% of CDC-C women
compared to 44.9% of CDC-AB women ( p = 0.208). Most of
the changes represented drug switches for concerns related
to fetal safety (CDC-C: 87%, CDC-AB: 86.1%, p = 0.861)
(Table 2). At delivery all regimens included at least one
NRTI, with a maintained higher frequency of use of PI
among CDC-C women (72.5%, compared to 54.7% in CDC-
AB women, p = 0.017), and an opposite trend for use of
NNRTI (CDC-C: 17.6%; CDC-AB: 32.2%, p = 0.038; Fig. 1B).
Clinical data after delivery were available only for 24 CDC-
C women and 197 CDC-AB women. Most of these women
(198/221, 89%) continued ART: after 12 months only 1 of 24
(4.2%) CDC-C women and 22 of 197 (10.2%, p = 0.338) CDC-
AB women were not on ART.

HIV-RNA viral load and CD4 cell count

Preconception HIV viral load status was similar in the
two groups: 27.0% of CDC-C and 18.7% of CDC-AB wo-
men had more than 1000 HIV-1 RNA copies per milliliter
( p = 0.271). During pregnancy, the percentage of women
with more than 1000 HIV RNA copies per milliliter had a
similar trend in both groups, with a limited and transient
increase in the first trimester (37.0% versus 33.7%, p = 0.832)
followed by a decline at third trimester, when HIV-RNA
viral load was above 1000 copies per milliliter in 17.2%
of CDC-C women and in 13.7% of CDC-AB women
( p = 0.600). One year after delivery, the proportion of wo-
men with more than 1000 HIV-RNA copies returned to
preconception levels in CDC-C women (30.0%), and re-
mained low in CDC-AB women (11.5%), with a significant
difference between the two groups ( p = 0.037, Fig. 2).

As expected, CDC-C women had lower preconception
levels of CD4 cells compared to CDC-AB women (300 versus
481 per microliter, p < 0.001). During pregnancy, the absolute
number of CD4 cells significantly increased from first to third
trimester in CDC-AB group ( p < 0.001), with no significant
change in the CDC-C group ( p = 0.080). Similarly, the CD4 cell
percentage between first and third trimester remained stable

FIG. 1. Proportion of women on nucleotide reverse tran-
scriptase inhibitors (NRTI), non-nucleotide reverse tran-
scriptase inhibitors (NNRTI), and protease inhibitors (PI) (A)
at conception and (B) at delivery, by Centers for Disease
Control and Prevention (CDC) HIV severity disease. Gray
bars: CDC-C group; white bars: CDC-AB group.

Table 2. Main Maternal and Neonatal Outcomes

CDC-C CDC-AB p Values

ART changes in pregnancy (%) 52.0 44.9 0.208
Type of change: Drug switch (%) 87.0 86.1 0.861

Intensification 4.3 6.9
Simplification 8.7 7.0

Delivery and neonates
Duration of pregnancy (weeks) (median, range) 38.0 (30.0–40.0) 37.0 (26.0–42.0) 0.163
Preterm deliverya (%) 24.0 28.0 0.338
Birthweight (g) (median, range) 2700 (1624–3845) 2820 (550–4130) 0.304
Birthweight by gestational age Z-score - 0.635 - 0.145 0.045

aBefore 37 completed weeks.
CDC, Centers for Disease Control and Prevention; ART, antiretroviral therapy.
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in the CDC-C group (20.0% and 20.8%, respectively, p = 0.482),
but significantly increased in the CDC-AB group (from 27.3%
to 29.8%, p < 0.001). Overall, CD4 cell count at the end of third
trimester was similar to pre-pregnancy values in both groups
(Fig. 3). One year after delivery, the CD4 count was signifi-
cantly higher compared to preconception count in both
groups ( + 72 cells per microliter in CDC-C, p = 0.031; + 43 cells
per microliter in CDC-AB, p < 0.001).

Pregnancy outcomes

Only one new ADE was observed during pregnancy, in a
woman of the CDC-C group, who developed a non-
Hodgkin’s lymphoma at pregnancy week 24. A similar oc-
currence of other events (of any type) was observed in the two
groups (39.3% and 32.7%, respectively, p = 0.309). The most
common among these events were represented by genitouri-
nary infections, that were reported for 11.8% and 13.4% of

CDC-C and CDC-AB women, respectively ( p = 1.000). Va-
ginal delivery accounted for less than 2% of deliveries.
Nonelective cesarean section rate was 8.3% among CDC-C
women and 18.1% among CDC-AB women ( p = 0.087). De-
livery complications involved 4 (8.5%) CDC-C women and 25
(5.2%) CDC-AB women ( p = 0.343), and were represented by
surgical wound complications in 3 of the 4 women of the
CDC-C group and in 8 of the 25 women of the CDC-AB group.
The most common postdelivery complications among CDC-
AB women were anemia (n = 11) and fever (n = 8).

During the first year after delivery none of the CDC-AB
women developed a new class C clinical event and no deaths
occurred. In the CDC-C group, the woman with non-
Hodgkin’s lymphoma during pregnancy died 4 months after
delivery. No other women developed ADEs.

Neonatal outcomes

Median gestational age (CDC-C: 38.0 weeks, CDC-AB:
37.0, p = 0.163) and rate of preterm delivery (24.0% and 28.0%,
respectively, p = 0.338) (Table 2) were similar in the two
groups. Four infants (0.7%) had neonatal death in the first
days of life (CDC-C: 0/51, CDC-AB 4/515); three of them
(gestational age from 25 to 35 weeks) suffered from neonatal
respiratory distress syndrome with or without other compli-
cations related to prematurity. The fourth, a term neonate,
died 1 week after birth of sepsis due to b-hemolytic strepto-
coccal infection.

Three neonates (0.5%), all from CDC-AB mothers, were
HIV infected. Two of the mothers had multiresistent HIV vi-
rus strains, and the other had poor adherence and high viral
load at delivery. Birth defect rate was 3.7% (CDC-C: 0/51,
CDC-AB 21/515, 4.2%). Newborns from CDC-C mothers had
a slightly lower birth weight (2700 versus 2820 g, p = 0.304),
confirmed by a marginally significant difference in birth
weight by gestational age, expressed as z-score ( - 0.640 ver-
sus - 0.145, p = 0.045). No differences were recorded in AP-
GAR scores at 5 and 10 minutes postbirth (data not shown).

FIG. 2. Proportion of wo-
men with HIV-1 RNA > 1000
copies per milliliter at different
times (preconception, preg-
nancy, postdelivery). Gray
bars, CDC-C group; white
bars, CDC-AB group. n: CDC-
C: 37; CDC-AB: 316 (available
preconception HIV-RNA val-
ues). CDC, Centers for Disease
Control and Prevention.

FIG. 3. CD4 cell count at different times (preconception,
pregnancy, postdelivery). -, CDC-C group; B, CDC-AB
group. n: CDC-C: 44; CDC-AB: 366 (available preconception
CD4 values). CDC, Centers for Disease Control and
Prevention.
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Discussion

Pregnancy can impact the course of various disease char-
acterized by immunologic disorders, such as systemic lupus
erythematosus, multiple sclerosis, and rheumatoid arthri-
tis15,16 but does not seem to have a significant influence on
HIV disease progression.5–8 Most of the published studies on
pregnancy and HIV evaluated a population with non ad-
vanced disease; in our study we further confirm that preg-
nancy has limited or no influence on HIV progression, even in
women with more advanced disease, represented by CDC-C
stage of disease. Recent studies indicated that pregnancy in-
cidence is lower among HIV-infected women with respect to
an uninfected population of the same age, suggesting that
more severe clinical disease can influence fertility rate.17,18

From our data we cannot draw conclusions on the incidence
of pregnancy or on fertility rates among women with ad-
vanced disease. In the present analysis, CDC group C women
represented 9% of all the pregnant women evaluated. How-
ever, we considered for the present analysis only those wo-
men who were already on HIV treatment at conception. The
actual proportion within the entire population of pregnant
women with HIV is likely to be lower, because also includes
also women with no personal indication to treatment. In our
global national sample of pregnant women with HIV, this
proportion is below six per cent (National Program on Sur-
veillance on Antiretroviral Treatment in Pregnancy, data not
shown), consistent with other reports.19

In our study, women with and without a CDC-C diagnosis
had similar demographic characteristics, body mass index,
coinfections, and concomitant diseases, suggesting limited
additional comorbidity in this group. The higher risk of un-
planned pregnancy and the more frequent exposure to efa-
virenz among women with a CDC-C diagnosis, however,
suggests that these women should receive more attention in
terms of preconception counseling and treatment planning,
not only to avoid exposure to contraindicated treatments, but
also to prevent the frequent therapeutic changes in pregnancy
that we observed in our study. Other studies have reported
that reproductive counseling for HIV-infected women of
childbearing age is still suboptimal, even in resource rich
countries, underlining the need to improve the quality of
communication between women with HIV and their care
providers on issues regarding pregnancy, vertical transmis-
sion, and family planning.20,21

Although the teratogenicity potential of efavirenz in wo-
men of childbearing age is currently controversial,22–24 its
potential fetal effects25 are likely to represent the underlying
cause of some treatment switches from efavirenz to protease
inhibitors observed during the first weeks of pregnancy. In
our study, protease inhibitors were overall more commonly
used than NNRTI, probably reflecting a more favorable safety
profile in pregnancy1 and a very limited transplacental pas-
sage of these drugs.26 With respect to stage of disease, the
more common use of PI among women with CDC-C disease
stage is likely to be motivated by the expected higher potency
and the higher genetic barrier to resistance of these regimens,
which may be particularly relevant in patients with more
advanced disease. As expected, in this particular group of
women who had treatment indication for their own health
before pregnancy, the vast majority of women were still on
treatment 1 year after delivery.

We analyzed viral suppression considering of clinical rel-
evance HIV plasma viremia above 1000 copies per milliliter,
based on the correlation between values above this threshold
and perinatal transmission of HIV-127 and on published re-
views that used this cutoff.28 The observation that only a small
percentage of women had an end-of-pregnancy viral load
above 1000 copies per milliliter, independent from CDC dis-
ease stage, is reassuring in terms of risk of perinatal trans-
mission. Conversely, 1 year after delivery, viral suppression
was less frequently maintained among women with CDC-C
disease, despite continuation of treatment. This finding sug-
gests that women in CDC-C stage of HIV disease could de-
velop a decline in therapeutic adherence during the first year
of life of their offspring, and draws attention on the need to
provide a more careful postdelivery care in these women.

Women with more advanced disease entered pregnancy at
lower CD4 levels. The difference in CD4 counts at the begin-
ning of pregnancy between the two groups could be ex-
plained by the more clinical advanced disease and/or a longer
history of infection. Since CD4 cell count could be influenced
by the physiologic hemodilution occurring in pregnancy,29–31

we analyzed both percentage and absolute number of CD4
cells during pregnancy, finding no major variations in CD4
count among more immunocompromised women, both as
absolute values and as CD4 percentage. Importantly, 1 year
after delivery CD4 count showed an upward trend and a
significant increase in both groups compared to preconcep-
tion values. This favorable immunologic trend was paralleled
by a similar clinical course of pregnancy in the two groups
and by a minimal occurrence of serious AIDS-related events:
only one woman with a previous diagnosis of AIDS (CDC-C
group) developed a new ADE, which was subsequently fatal.
No ADEs were observed in the CDC-AB group, confirming
that pregnancy is usually not associated with a progression of
HIV disease in asymptomatic or mildly symptomatic HIV
disease. Genitourinary infections were the most common
clinical events observed; their prevalence was however in the
range described for healthy pregnant women.32,33 Complica-
tions of cesarean delivery were also relatively infrequent, even
in women with advanced disease. Neonatal outcomes were
also similar in the two groups; the overall preterm birth rate of
about 25% was similar to that reported in previous stud-
ies.34,35 The overall rates of neonatal death, birth defects, and
vertical transmission were low and within expected ranges.
The infrequent occurrence of such events did not allow to
compare women with and without a CDC-C diagnosis for
these outcomes. In general, there was no trend suggesting that
stage C in HIV infection may significantly influence neonatal
outcomes, and this is reassuring information.

Our study was has some limitations. Our follow-up anal-
ysis was limited by the low number of clinical data reported
after delivery: after 1 year from delivery we had available data
only on 221 of 566 women enrolled in this study, confirming
the difficulties already observed in similar observational
studies.9 We also have incomplete data on CD4 nadir, and we
based our study on the HIV classification reported by clini-
cians. We therefore cannot exclude that clinical records may
have not fully captured personal history of HIV-related events
for those women with a long time from HIV diagnosis.

In summary, our findings are consistent with those of
previous studies7,8,36,37 that demonstrated the scarce influence
of pregnancy on HIV progression, but extend these
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considerations also to HIV women with a previous clinical
diagnosis of AIDS, providing reassuring data on main preg-
nancy outcomes, changes in HIV-RNA levels, and CD4 re-
sponse among women in stage C of HIV infection. The
increased risk of unplanned pregnancy and treatment dis-
continuation one year after delivery, however, suggests that
women with more advanced HIV disease may need particular
attention from health providers, with needed improvements
in preconception counseling and in postdelivery care.
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anò, V. Giacomet, S. Coletto, F. Di Nello, G. Placido, M.
D’Alessandro, A. Vivarelli, P. Castelli, F. Savalli, V. Portelli, F.
Sabbatini, D. Francisci, S. Alberico, G. Maso, M. Tropea, A.
Meloni, M. Dedoni, C. Cuboni, F. Ortu, P. Piano, A. Citernesi, I.
Vicini, E. Periti, A. Spinillo, M. Roccio, A. Vimercati, E. Bassi, B.
Guerra, F. Cervi, C. Puccetti, P. Murano, M. Contoli, E. Trida-
palli, G. Brighi, M. Stella, G. Faldella, M. Sansone, P. Martinelli,
A. Agangi, C. Tibaldi, L. Trentini, S. Marini, G. Masuelli, I. Cetin,
A. Crepaldi, M.L. Muggiasca, E. Ferrazzi, C. Giaquinto, M.
Fiscon, R. Rinaldi, E. Rubino, A. Bucceri, R. Matrone, G. Scar-
avelli, G. Anzidei, C. Fundarò, O. Genovese, C. Cafforio, C.
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