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Abstract
Aim—To determine the influence of pla-
cental malaria, maternal HIV infection,
and maternal hypergammaglobulinaemia
on transplacental IgG antibody transfer.
Methods—One hundred and eighty
materno-neonatal pairs from a Malawian
population were assessed. Cord and ma-
ternal serum samples were tested for total
serum IgG antibody titres using neph-
elometry, and for specific IgG antibody
titres to Streptococcus pneumoniae, mea-
sles, and tetanus toxoid antibodies using
an enzyme linked immunsorbent assay
(ELISA).
Results—Multiple regression analyses
showed that placental malaria was associ-
ated with a decrease in placental IgG anti-
body transfer to S pneumoniae and mea-
sles to 82% and 81%, respectively.
Maternal HIV infection was associated
with a reduction in IgG antibody transfer
to S pneumoniae to 79%; raised maternal
total serum IgG titres were correlated
with S pneumoniae and measles IgG anti-
body transfer reduction to 86% and 87%,
respectively. No eVect was seen with
tetanus toxoid antibody transfer.
Conclusion—The combined influence of
placental malaria, maternal HIV infec-
tion, and maternal hypergammaglobuli-
naemia seems to be linked to the low
transplacental antibody transfer observed
in the Malawian population.
(Arch Dis Child Fetal Neonatal Ed 1998;79:F202–F205)
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The neonate can be regarded as an immune
compromised host especially when premature.
In addition to a series of defects in the
non-specific immune system, the neonate’s
production of immunoglobulins is impaired. At
birth a term neonate produces around 5% of
adult levels of IgG; 20% of adult IgM and IgA
production begins at birth. Nevertheless, neo-
natal blood contains large amounts of IgG.
This is derived transplacentally from the
maternal circulation. This process involves
binding of IgG by Fc receptors to the surface of
syncytitrophoblasts, active transport across the
cell, and release into the fetal bloodstream.1

This process provides passive humoral immu-
nity to neonates during their first months of
life. The amounts of pathogen specific IgG
transferred not only determine the degree and
length of protection, but may also aVect the

success of the infant’s vaccination programme
after birth.1–6

Several clinical conditions can interfere
with the materno-fetal transport of specific
IgG antibodies across the human placenta.
These include prematurity,7 maternal
hypergammaglobulinaemia,8 9 maternal HIV
infection10 11 and placental malaria.12 In certain
regions of Africa many of the above conditions
coexist and the prevalence of infectious dis-
eases preventable by vaccine is high among
infant populations.13 It is not clear whether
impaired transplacental antibody transfer
could aVect the eYcacy of such vaccination
regimens.

In this study we analysed the influence of
placental malaria, maternal hypergammaglob-
ulinaemia, maternal HIV infection, parity and
prematurity on the eYciency of transplacental
transfer of specific IgG antibodies to S pneumo-
niae capsule, measles, and tetanus toxoid in
mother–infant pairs from a Malawian popula-
tion living in a malaria endemic area.

Methods
This study was carried out in the Shire Valley,
Malawi, between March 1993 and September
1994. This is an endemic area for Plasmodium
falciparum malaria, with a high prevalence of
HIV infection in adult women.14 The 180
mother–newborn pairs analysed were collected
as part of a longitudinal study of anaemia in
pregnant women and their infants. The pairs
were selected based on availability of suYcient
sera for the several laboratory tests.

This work was approved by the Health
Sciences Research Committee, Medical Col-
lege, Malawi. Before enrolment, all women
gave informed consent. A questionnaire was
completed at recruitment and at delivery.
These included information on malaria
prophylaxis and treatment, maternal illness
during pregnancy, gestational age and birth-
weight.

Cord blood was collected immediately after
delivery from a large vein on the fetal side of the
placenta. Maternal venous blood was collected
during the first 24 hours of the puerperium
from a peripheral vein. Serum samples were
stored in aliquots at −20°C until analysis in
Liverpool.

Maternal HIV infection was defined by the
presence of serum HIV antibodies determined
by two diVerent enzyme linked immunosorb-
ent assay (ELISA) tests, as recommended by
the World Health Organisatin when HIV infec-
tion prevalence in the population is above
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10%.15 These were the ICE HIV-1.0.2 (Murex;
Dartford, UK) and the VIDAS HIV 1/2 new
(bioMérieux; Lyon, France).

Placental malaria infection was defined by
the presence of parasites on thick or thin
Giemsa stained films, prepared using blood
collected from a deep incision performed on
the maternal side of the placenta. A minimum
of 200 fields were always examined and
Plasmodium parasite species identified.

Total serum IgG concentrations were as-
sayed by laser nephelometry using a Beckman
Array Protein System (Beckman; Brea, USA).
S pneumoniae, measles, and tetanus toxoid spe-
cific serum IgG antibody titres were tested
using “in-house” indirect ELISAs, developed
as described before,11 but using the adsorbed
tetanus toxoid vaccine BP (Evans Medical;
Leatherhead, UK) as the tetanus antigen and
the Edmonston measles vaccine strain to
prepare the measles antigen.

Multiple regression was used to assess the
eVect of a number of variables on placental
antibody transfer. For each specific antigen, the
logarithm of neonatal specific serum IgG anti-
body titre was regressed on several predictors:
the logarithm of maternal specific serum IgG
titre, the logarithm of total maternal serum IgG
titre, maternal HIV status (coded as 0 if nega-
tive and as 1 if positive), placental malaria
infection (coded as 0 if negative and as 1 if
positive), prematurity (<37 weeks gestation)
and parity (coded as 0 for primipara and 1 for
multipara). Variables were removed from the
model if non-significant. For 14 mother–

neonate pairs, IgG measles antibodies were not
detectable in either mother or neonate or both;
the data for these pairs were omitted from some
of the log regressions. t tests on log-
transformed data (ln X) were used to compare
mean titres of maternal and neonatal IgG anti-
bodies between groups; to avoid taking the log
of zero, a small value corresponding to half of
the detectable level of the ELISA assay was
attributed to the samples with undetectable
antibody titres.

Results
Among the 180 mother–newborn pairs ana-
lysed were 149 babies born at term with
adequate birthweight (above the 10th centile),
six born at term of low birthweight, and 25
preterm (less than 37 weeks of gestation). All
neonates were singletons. Table 1 shows that
there was a higher incidence of both maternal
HIV infection and placental malaria infection
in mother–newborn pairs where the baby was
either term and of low birthweight, or preterm.
Maternal HIV infection and placental malaria
coexisted in only 4% of pairs of term normal
birthweight babies, but in 33.3% of term
babies with low birthweight, and in 16% of
preterm neonates. All HIV infected mothers
were asymptomatic (category A, according to
the Centers for Disease Control classification).

Mean total serum IgG and measles antibody
titres were significantly higher in HIV infected
mothers compared with those not infected.
Mean serum S pneumoniae and tetanus toxoid
IgG antibody titres were similar in HIV and

Table 1 Distribution of maternal HIV infection and placental malaria according to the babies’ gestational age and
birthweight

Neonates’ classification HIV seropositive
Malaria positive
placenta

HIV seropositive with
placental malaria

Term adequate birthweight (n=149) 28 (18.8%) 31 (20.8%) 6 (4.0%)
Term low birthweight (<10th centile) (n=6) 2 (33.3%) 5 (83.3%) 2 (33.3%)
Preterm (n=25) 7 (28.8%) 10 (40.0%) 4 (16.0%)

Percentages are of total numbers in each subgroup.

Table 2 Geometric means* of total serum IgG antibody to tetanus toxoid, measles and S pneumoniae in paired maternal and cord sera of HIV
seropositive and seronegative mothers†

Maternal serum IgG antibody titre Cord serum IgG antibody titre

HIV seropositive
(range)

HIV seronegative
(range) P value‡

HIV seropositive
(range)

HIV seronegative
(range) P value‡

Total serum IgG (g/l) 22.9 (10.6–38.3) 17.3 (9.3–38.1) <0.001 13.4 (3.7–19.9) 13.4 (0.6–25.9) 0.97
IgG anti S pneumoniae (arbitrary units/ml) 6.9 (1.7–27.9) 6.5 (0.4–63.5) 0.74 2.2 (0.3–27.9) 3.0 (0.2–45.3) 0.16
IgG anti measles (IU/ml) 2.1 (<0.16–46.9) 1.1 (<0.16–40.0) 0.02 1.1 (<0.16–37.7) 1.7 (<0.16–20.9) 0.14
IgG anti Tetanus toxoid (IU/ml) 0.8 (0.1–4.3) 0.7 (0.03–6.5) 0.47 0.7 (0.07–3.3) 0.6 (0.02–4.5) 0.78

* Detransformed mean of 1n X values.
† Only term babies with adequate birthweight were included.
‡ t test.

Table 3 Geometric means* of total serum IgG and specific IgG antibody to S pneumoniae, measles and tetanus toxoid in paired maternal and cord sera
with and without placental malaria†

Maternal serum IgG antibody titre Cord serum IgG antibody titre

With placental
malaria (range)

Without placental
malaria (range) P value‡

With placental
malaria (range)

Without placental
malaria (range) P value‡

Total serum IgG (g/l) 18.6 (9.8–38.3) 18.2 (9.3–38.1) 0.70 14.2 (10.9–19.0) 13.2 (7.8–16.3) 0.33
IgG anti S pneumoniae (arbitrary units/ml) 6.4 (1.1–81.5) 6.6 (0.4–63.5) 0.87 2.4 (0.3–45.3) 3.0 (0.2–35.7) 0.31
IgG anti measles (IU/ml) 1.2 (<0.16–20.0) 1.2 (<0.16–46.9) 1.0 1.0 (<0.16–13.9) 1.3 (<0.16–37.7) 0.28
IgG anti tetanus toxoid (IU/ml) 0.7 (0.1–4.3) 0.7 (0.03–6.5) 0.75 0.7 (0.01–4.5) 0.7 (0.02–4.1) 0.94

* Detransformed mean of 1n X values.
† Only term babies with adequate birthweight were included.
‡ t test.
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non-HIV infected mothers (table 2). Mean
maternal total serum IgG and antibody tires to
S pneumoniae, measles, and tetanus toxoid were
not significantly diVerent between mother–
cord pairs with or without placental malaria
infection (table 3). These results refer to pairs
with neonates born at term and with adequate
birthweight, but similar figures were obtained
when the whole sample was analysed (data not
shown).

Placental transfer of specific IgG antibodies
to S pneumoniae was reduced by placental
malaria, maternal hypergammaglobulinaemia,
and maternal HIV infection to 82%, 79%, and
86%, respectively. Placental transfer of specific
IgG antibodies to measles was reduced by pla-
cental malaria to 81% and maternal hypergam-
maglobulinaemia to 87%. Maternal HIV sero-
positivity was not associated with reduced
transfer of measles antibody. Placental transfer
of specific IgG antibodies to tetanus toxoid was
not reduced by any of the variables analysed.

Specific maternal IgG antibody titres were
always positively associated with the corre-
sponding cord antibody titres. Parity, prematu-
rity, or previous malaria treatment did not
influence the placental transfer of specific S
pneumoniae, measles, or tetanus toxoid IgG
antibodies, and these variables were excluded
from the regression analyses. Table 4 shows the
proportional reduction in neonatal specific IgG
antibody titres due to placental malaria infec-
tion, maternal HIV infection, and high mater-
nal total serum IgG titres. The estimated
reduction is the ratio of the expected cord titre
when maternal serum IgG is 22.9g/l to the
expected cord titre when maternal serum IgG
is 14.9 g/l; these total serum IgG titres are the
third and first quartiles, respectively, in moth-
ers for this sample. Thus a 1.5-fold increase in
maternal total serum IgG titre is associated
with a decrease in S pneumoniae IgG antibody
titre in the neonate to 86%. Mean neonatal
total serum IgG and serum IgG antibody titres
to S pneumoniae, measles, and tetanus toxoid
were not significantly diVerent (p>0.05) be-
tween neonates born to HIV and non-HIV-
infected mothers (table 2). Similarly, there
were no significant diVerences between the
mean neonatal total serum IgG and serum IgG
antibody titres to S pneumoniae, measles, and
tetanus toxoid when mother–cord pairs with
and without placental malaria infection were
compared (table 3). Here again, the data refer
to pairs with neonates born at term and with
adequate birthweight; results were comparable
when the whole sample was analysed (data not
shown).

Discussion
Our aim was to assess the influence of HIV
infection and placental malaria on placental
IgG antibody transfer. S pneumoniae, measles,
and tetanus were the antibody specificities
chosen because these infectious agents are
important causes of morbidity and mortality in
infants.

Although measles and tetanus immunisation
has reduced the incidence of both diseases,
there are still many children who die every year
after acquiring natural infection in developing
countries.13 Similarly, factors aVecting S pneu-
moniae antibody titres could aVect vaccine eY-
cacy to pneumococcal disease in infancy. In the
absence of an eVective pneumococcal vaccine
for infants, maternal immunisation during
pregnancy has also been evaluated as a strategy
to improve passive antibody protection.16

Mean maternal total IgG titres were high in
this Malawian population, and significantly
increased in HIV infected mothers (tables 2
and 3). This could in part be due to repeated
malaria infections and the coexistence of HIV
infection. HIV seropositive mothers also had
higher measles IgG antibody titres (tables 2
and 3). High measles and mumps antibody
titres have been reported before in HIV
infected patients.17 In a Brazilian population we
have also shown that HIV infected mothers had
significantly higher mean varicella zoster anti-
body titres than non-HIV infected mothers,
but mean measles antibody titres were not sig-
nificantly diVerent between the two groups.11

Non-specific B cell activation could account
for the high specific antibody titres in HIV
infected individuals.17 Polyclonal activation is
generally considered to be the explanation for
the hypergammaglobulinaemia which occurs in
subjects exposed to repeated malaria infections
resulting from chronic mitogenic stimulation.18

Placental IgG antibody transfer was influ-
enced independently by placental malaria
infection, maternal HIV infection, and mater-
nal total serum IgG titres. All three factors were
associated with reduced placental transmission
of pneumococcal IgG antibodies. Decreased
transport of measles IgG antibodies was
associated with placental malaria infection and
maternal total IgG titres. Materno-fetal trans-
mission of tetanus IgG antibodies was not
aVected by any of the variables tested, which
was an unexpected result as a previous study
has shown that high malaria parasite densities
in the placenta are associated with decreased
transplacental transfer of tetanus IgG antibod-
ies using paired samples from Papua-New
Guinea.12 Coastal Papua New Guinea has one
of the highest vectorial capacities for P
falciparum malaria in the world and this might
well explain the diVerence between the results
from there and Malawi, as more frequent and
higher density placental infections would be
commonly expected to be more common in
pregnant women in Papua New Guinea.

Maternal HIV infection and hypergamma-
globulinaemia were associated with decreased
placental IgG transfer for some antibody
specificities, but not for others in our Brazilian
study, with transfer of S pneumoniae antibodies

Table 4 Multiple regression estimates of the eVects of placental malaria, maternal HIV
infection and the level of total maternal serum IgG on placental IgG antibody transfer

Serum IgG antibody
specificity

Proportional reduction due
to placental malaria

Proportional reduction
due to maternal HIV
infection

Proportional reduction
due to raised maternal
IgG

S pneumoniae 0.82 (0.70, 0.97)* 0.79 (0.65, 0.95)* 0.86 (0.77, 0.96)*
Measles 0.81 (0.68, 0.97)* 0.98 (0.79, 1.22) 0.87 (0.79, 0.97)
Tetanus toxoid 0.94 (0.79, 1.13) 0.90 (0.77, 1.06) 0.99 (0.90, 1.08)

The 95% confidence intervals are in parentheses.
* Indicates significant decrease (p<0.05).
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being the most greatly aVected.11 In the same
study measles IgG antibody transfer was
reduced by both maternal HIV infection and
high maternal total serum IgG. High maternal
total IgG was also associated with a reduction
in placental IgG antibody transfer in the
Malawian population. Tetanus IgG antibody
titres were reduced by maternal HIV infection
in the Brazilian study.11 The finding that parity
was not associated with reduced placental
transfer was similar to observations from Papua
New Guinea.12 The lack of association between
prematurity and reduced placental antibody
transfer in this study has been described by
others19 20 Interestingly, all studies where pre-
maturity was not examined in relation to
placental antibody transfer have been under-
taken in populations with high titres of mater-
nal total serum IgG. Although this finding
might be a characteristic of materno-fetal
transmission of antibodies in the presence of
maternal hypergammaglobulinaemia, it could
also indicate a bias introduced when analysing
preterm neonates born at a wide range of
gestational ages—from 30 to 37 weeks. This is
the reason why, in the present study, maternal
and neonatal total IgG and specific IgG
antibody titres were analysed only for samples
from term babies of normal birthweight.

Although there was a reduction in placental
transfer of IgG antibodies to S pneumoniae and
measles, neonates from HIV infected mothers
or from mothers with placental malaria infec-
tion did not have significantly lower measles
and pneumococcal IgG antibody titres. This
could relate to eVects of maternal hypergam-
maglobulinaemia on antibody transfer.
Michaux et al21 were the first to notice that the
pattern of placental IgG transfer may change
when maternal total serum IgG titres reach 15
g/l: cord total IgG titres tend to be lower than
the corresponding maternal values above that
concentration. As all the Malawian sample had
very high maternal total IgG titres, this factor
might also be applicable in this population.

This study has shown that placental transfer
to certain IgG antibody specificities is reduced
and associated with maternal HIV infection,
placental malaria, and maternal hypergamma-
globulinaemia. It is not known why some anti-
body specificities are more aVected and why
interference with antibody transfer diVers
between populations. Also, it is not known how
maternal HIV infection and placental malaria
infection interfere with materno-fetal IgG anti-
body transmission, although malaria causes
pathological damage in placental tissues.22

There is less evidence that HIV causes
histological damage to the placenta.22

As factors influencing the eYciency of
placental IgG antibody transfer are specific to
particular populations, susceptibility to specific
infections in infancy will vary correspondingly.
Vaccine schedules might need to be modified
to allow for these eVects. However, overall IgG
antibody transfer was good in this Malawian
population, with adequate protective levels
being achieved in most babies. It is diYcult to

identify that subgroup of infants who acquire
the least maternal IgG antibody and who might
benefit most from accelerated vaccination
schedules. Screening tests would not be cost
eVective or possible in developing countries
and, for this reason, an alternative emphasis
might be placed on controlling maternal infec-
tion.
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