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Introduction

It has been speculated that pregnancy in an HIV-
infected woman may accelerate the progression of
immunosuppression. Pregnancy has been shown to be
associated with altered immunity in both laboratory

and clinical studies [1–3], which could enhance the
immunosupression associated with HIV infection [1,4].
However, little information is available about the pat-
terns of markers of immune function during pregnancy,
and reported studies have been based on small numbers
of women [5–7]. Observed changes during pregnancy
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could also be associated with the effect of injecting
drugs [8], and any analysis of trends of immune func-
tion markers over time needs to allow for maternal
characteristics, such as clinical status and drug use.

In this paper, trends in lymphocyte subsets and
immunoglobulins, as markers of immune function, are
analysed over the course of the pregnancy and immedi-
ately post-partum, based on zidovudine-naive HIV-
infected women enrolled in the European
Collaborative Study (ECS) and the Swiss HIV
Pregnancy Cohort (SHPC).

Methods

The ECS was set up in 1986 to estimate the risk of ver-
tical transmission of HIV infection and the natural his-
tory of paediatric infection [9]. Currently the ECS
includes 21 centres in seven European countries. The
SHPC was established in 1990 [10,11], to complement
the Swiss perinatal cohort [12] and the Swiss HIV
Cohort Study [13]. In both studies similar protocols are
used and clinical and immunological information is
recorded at various times during pregnancy. In some
centres information was also collected 6 weeks and 6
months post-partum.

The analysis excluded 109 women who had received
zidovudine treatment during pregnancy. Most of these
women were enrolled between early 1989 and late
1994, before the introduction of zidovudine treatment
to reduce vertical transmission [14], and had more
advanced HIV disease, as evidenced by their lower
CD4 count.

Although in the ECS CD4 and CD8 counts were
determined locally [15], and in the SHPC in three ref-
erence centres [10], centre differences were minimal
when the methods were compared in healthy anti-
body-negative children [15]. Immunoglobulins were
determined locally using an immunoturbidometric
method, according to the manufacturer’s instructions.

Statistical methods
Immunological measurements were analysed relative to
the date of delivery, because women with low CD4
cell counts tend to deliver earlier than those with CD4
counts above 200 cells × 106/l [9]. Locally-weighted
linear regression analysis [16] was used to investigate
changes in the mean value of each immunological para-
meter during pregnancy and in the post-partum period.
The smallest band width that did not give rise to an
excessive number of turning points (30 days) was
selected. The analysis took into account the serial 
measurement data structure, but this model makes no

assumption about how parameters change over preg-
nancy. This model only includes women with two or
more measurements at any point during or after preg-
nancy, as women with a single measurement provide
no information on immunological changes.

Results

The analysis is based on a total of 438 women with two
or more immunological measurements during preg-
nancy or within 6 months of delivery. Three hundred
and forty-two (342, 78%) women were white and of
European origin, and 106 (24%) reported injecting
drugs during pregnancy.

Cellular immunity
A total of 1115 measurements of CD4 lymphocyte
counts were available for 414 women (Fig. 1). Fewer
measurements were taken in the first trimester of preg-
nancy than in the second and third trimester, and many
were concentrated near the time of delivery. The post-
partum measurements reflected the timing of the
scheduled visits: about 6 weeks, 3 and 6 months after
delivery.

Figure 2 shows mean CD4 cell counts relative to the
date of delivery. The mean CD4 cell count declined
during the first trimester of pregnancy to its lowest
level 6 months before delivery. Subsequently it
increased gradually until delivery, and then rose sharply
to a peak level at around 3 months post-partum.
Thereafter the CD4 counts declined gradually to reach
baseline levels by 6 months post-partum. The pattern
of CD8 counts over time was similar to that of the
CD4 counts (Fig. 3).

In contrast to the CD4 cell count, the CD4 percentage
was stable during pregnancy, at about 28%, and there

Fig. 1. Timing of CD4 cell count measurements.
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was a slight increase of approximately 2%, 3 months
after the delivery (Fig. 2). Similarly, the CD8 percent-
age was stable throughout pregnancy, with a small
increase in the first 3 months post-partum (Fig. 3). This
stability in the percentages, as opposed to the absolute
count, would suggest that some of the increase in CD4
cell count during and after pregnancy was due to an
increase in absolute lymphocyte count (Fig. 2). Indeed,

the changes in lymphocyte counts over and after preg-
nancy were similar to the changes of CD4 and CD8
counts described above. 

These analyses were repeated for the following sub-
groups: women whose infants were infected, those
delivered by Cesarean section, and women who were
injecting drug users during their pregnancy. The same
pattern was evident in all subgroups, and there was no
evidence that the pattern was associated with levels of
immunosuppression as measured by CD4 percentage. 

Humoral immunity
The concentration of circulating total immunoglobulin
(Ig) G declined gradually throughout pregnancy until
delivery, before increasing in the 6 months post-partum
period (Fig. 4). Total IgM and IgA levels remained 
stable throughout pregnancy, increasing slightly in the 
3 months following delivery, and dipping thereafter
(Fig. 4).

Fig. 2. Pattern of CD4 cell count (top panel), absolute 
lymphocyte count (middle panel) and CD4 cell percentage
during pregnancy and up to 6 months post-partum. Mean
with 95% confidence interval.

Fig. 3. Pattern of CD8 cell count (top) and CD8 cell per-
centage (bottom) during pregnancy and up to 6 months
post-partum. Mean with 95% confidence interval.
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Discussion

The findings from the ECS and the SHPC support the
view that pregnancy does not accelerate the course of
HIV disease in a population of HIV-infected women,
who did not receive zidovudine therapy during preg-
nancy and most of whom were asymptomatic. Concern
about a possible interaction between pregnancy and
HIV infection was triggered by early case reports of

HIV-infected women with opportunistic infections
during pregnancy [17,18]. However, these reports suf-
fered from selection bias towards women with severe
immune depression and subsequent studies based on
cohorts in New York and Edinburgh demonstrated no
acceleration of disease associated with pregnancy, in
women without advanced HIV disease [8,19,20].

There is some evidence to suggest that, in HIV-unin-
fected women, pregnancy per se is associated with the
suppression of humoral and cellular immunity [1,3,7],
but it is unclear whether this is exaggerated in HIV-
infected women. Wide variations in markers of
immune function in HIV-infected women have been
reported [5,6,8,21], but these studies included only
small numbers of women, and analyses were largely
cross-sectional, which makes it difficult to describe the
patterns over a period of time. In the ECS and the
SHPC, multiple measurements were available for 438
women and it was possible to analyse trends over and
after pregnancy, thus providing more definitive results
than those reported previously.

The pattern in CD4 cell percentage described here
using data from the ECS and the SHPC was similar to
that reported recently from a New York study [22], in
which measurements on 148 HIV-negative and 192
HIV-infected women during and for up to 2 years after
pregnancy were compared. In this latter study a decline
in mean CD4 percentage in HIV-infected women was
reported throughout the period of observation, espe-
cially during the 2 years after delivery, whereas HIV-
uninfected women showed a gradual increase in CD4
percentage in the third trimester of pregnancy followed
by stable levels post-partum. In contrast, the HIV-
infected women in the ECS and the SHPC showed sta-
ble levels of CD4 percentages throughout pregnancy
and up to 6 months post-partum. A larger proportion of
the HIV-infected women in the New York study were
severely immunosuppressed compared with the women
enrolled in the ECS and SHPC [23], and the decline of
CD4 percentage in the 2 years post-partum is likely to
reflect the natural history of HIV infection rather than
pregnancy-related immunosuppression. In a recent
study from Sweden, which included African women,
CD4 cell counts were highest around the time of deliv-
ery and declined during the 6 month period thereafter
to values close to those of early pregnancy [24].

Temmerman et al. [25] reported no association
between duration of pregnancy and immune status, and
the patterns of immunological markers described for
HIV-infected women were similar to those of unin-
fected controls. CD4 cell percentage was lower post-
partum than antenatally, in both infected and
uninfected women, but this was not the case for
absolute CD4 cell counts. CD8 cell percentage and
counts were significantly higher post-partum than ante-

Fig. 4. Immunoglobulin  (Ig) G (top), IgM (middle) and IgA
(bottom) patterns during pregnancy and in the 6 month
period after delivery. Mean with 95% confidence interval.
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natally. In 89 pregnant Malawian women (54 HIV-
infected and 35 uninfected) there was an increase in
absolute CD4 and CD8 cell counts in both infected
and uninfected women, but no parallel increase in CD4
or CD8 percentage [21].  Both the Nairobi and the
Malawi study suggest that HIV-infected women are no
more immunosuppressed during pregnancy than unin-
fected controls. Although the analysis in these studies
was cross-sectional and it is difficult therefore to com-
ment on the patterns in immunological markers before
and after pregnancy, the findings from the ECS and
SHPC on HIV-infected women were similar to those
from these African studies. The stability of levels of
total IgM and IgA and the relatively minor changes in
total IgG are likely to reflect the asymptomatic nature
of the disease, and provides further evidence for a lack
of immune deterioration in pregnancy.

It has been suggested that the effect of injecting drug
use on immune markers is greater than the effect of
HIV [8,26], but in our study the pattern in immuno-
logical markers over pregnancy was similar for HIV-
infected women who continued to inject illicit drugs
during pregnancy and for those who did not.

The lack of data relating to the first trimester of preg-
nancy in our cohorts did not allow us to describe the
pattern in CD4 counts during that time. However, the
graph presented in Fig. 2a suggested a decline in CD4
count from early in pregnancy to a nadir a little after 
3 months. This would confirm previous reports in
HIV-uninfected women [27] of a significant decline in
CD4 count as early as 4 weeks after conception, con-
comitant with the human chorionic gonadotropin peak
and compatible with immune changes and fetal graft
tolerance [28]. It has been suggested that the changes
observed could be due to recompartmentalization,
rather than an increase in susceptibility [28].

Similar to the finding of the ECS and SHPC that
changes in immunological markers show no short-term
detrimental effects of pregnancy on HIV infection,
there was no evidence of increased virological activity
during pregnancy in a Swedish study [24], although
there was some suggestion of resumed virological activ-
ity in the 6 months after delivery. Weiser et al. [29]
investigated 19 mother–child pairs and showed that
although HIV viral load varied between women, it
remained stable over time (18–65 weeks post-partum)
within women.

The trend in CD4 percentage during and after preg-
nancy observed in the ECS and SHPC was not associ-
ated with the level of the percentage. This would
suggest that even for women with more advanced HIV
disease there is likely to be little or no pregnancy-
related adverse effect on the progression of HIV dis-
ease. Although the lack of an HIV-uninfected control

group hinders a definitive conclusion, it is likely that
the sharp reductions in CD4 counts in the first
trimester of pregnancy are pregnancy-related rather
than evidence of progression of HIV. Similarly the
increases in CD4 counts in the later stages of pregnancy
are likely to be pregnancy-related and this would need
to be taken into account when assessing response to
antiretroviral treatment. However, in view of the large
individual variability in patterns of immunological
markers over time between women, which are also
present in non-HIV infected pregnant controls (data
not shown), caution should be exercised when assessing
changes in immunological markers in individual preg-
nant women.
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