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Plasmodium falciparum msp-1 and msp-2 genes were quantified by fragment analysis in matched placental,
peripheral, and cord blood samples. In the three compartments, the multiplicity of infection values were
similar, and parasite populations only partially overlapped, as reported. However, identical alleles represented
80 to 95% of the overall parasite populations of each compartment, demonstrating much more homogenous
parasite populations than previously thought.

In areas where malaria is endemic, it is a major cause of
morbidity and mortality. During pregnancy, especially the first
pregnancy, women are more susceptible and more frequently
infected with high levels of placental parasitemia, causing com-
plications for both mothers and newborn babies (5). The ma-
ture forms of Plasmodium falciparum sequester in deep mi-
crovessels in cerebral malaria and in placental intervillous
spaces in pregnant women, while ring stages circulate in the
peripheral blood. This phenomenon distorts the analysis of
parasites in peripheral blood, revealing only parasites circulat-
ing at sampling time. With respect to pregnancy, few studies
have investigated the homology of parasite populations from
placental, peripheral (21), and cord (12, 13) blood from
women at delivery. These studies mostly agree in showing
parasite populations partially overlapping and marked differ-
ences in the various compartments from most women. While
these studies (based on PCR genotyping of polymorphic mark-
ers) allow the identification of alleles, they don’t permit their
quantification. Alternatively, in this work, an attempt was
made to obtain quantitative data on allele distribution. We
quantified the differences in Plasmodium falciparum msp-1 and
msp-2 polymorphisms in matched peripheral and placental
samples and matched placental and cord blood samples by
using a fragment analysis method.

This study was carried out in Thiadiaye, southeast of Dakar.
A total of 281 pregnant women were sequentially enrolled and
followed until delivery. Placental, peripheral, and cord blood
samples were obtained after delivery from all women.
Genomic DNA was extracted from the placenta blood samples,
and a P. falciparum species-specific PCR (22) identified 60
positive samples. A similar PCR assay performed on the cor-
responding 60 peripheral and 60 cord blood samples identified
39 positive placental/peripheral blood pairs and 11 positive

placental/cord blood pairs. The study was approved by the
ethical committee, Ministry of Health, Senegal, and informed
consent was obtained from all patients.

A fluorescent PCR analyzed block 3 and block 2 of the
msp-2 and of msp-1 domains, as described (11). Primers were
msp-1 f-5�-CACATGAAAGTTATCAAGAACTTGTC-3�
(sense, fluorescein labeled) and 5�-GTACGTCTAATTCCAT
TTGCACG-3� (antisense) and msp-2 f-5�-GAAGGTAATTA
AAACATTGTC-3� (sense, fluorescein labeled) and 5�-GAG
GGATGTTGCTGCTCCACA-3� (antisense) (Genset SA
Europe) (19). Amplification products were processed in an
ABI Prism 310 genetic analyzer (Perkin Elmer Applied Bio-
systems) and analyzed using Genescan software (Applied Bio-
systems) (11). Each genotype is characterized by its size and
the area under the curve (AUC) of the peak corresponding to
msp-1 or msp-2 PCR products. Each peak AUC is proportional
to the quantity of PCR products for the corresponding allele:
this allows a precise relative quantification of this genotype.

Numbers and ratios of alleles were quantified for the msp-1
and msp-2 loci in all samples. Relative quantification of each
allele derived from the ratio of the AUC corresponding to this
allele/the sum of the AUC of all alleles present in this sample.
Alleles representing less than 2% of the overall parasite pop-
ulation from a given sample were not considered unless they
were present in both matched samples.

The alleles present in matched placental/peripheral and pla-
cental/cord blood samples were compared, and the proportion
of matched samples with identical and partially concordant
alleles (paired samples with both identical and distinct alleles)
was calculated. The proportion of parasites sharing identical
alleles in matched blood samples was quantified as the sum of
the relative proportions of all shared alleles from each com-
partment.

Forty-three PCR-positive placentas were paired with PCR-
positive samples from peripheral or cord blood (including 39
placental/peripheral blood pairs and 11 placental/cord blood
pairs). Seven women were PCR positive for all three compart-
ments.
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The fragment analysis method showed a large number of
msp-1 and msp-2 alleles in all three compartments (Table 1).
Among the 93 placental, peripheral, and cord blood samples
analyzed, all but one corresponded to a polyclonal infection.
The mean numbers of alleles were similar in peripheral (2.0
and 6.1 for msp-1 and msp-2, respectively), placental (2.1 and
5.6), and cord blood (1.4 and 7.1) samples (t test for paired
samples; both P � 0.16 for placenta versus peripheral samples;
P � 0.01 and 0.8 for msp-1 and msp-2, respectively, for pla-
centa versus cord blood samples). The number of msp-2 alleles
in placental blood was higher when the corresponding cord
blood was infected (7.3 alleles) than when it was not (5.0
alleles) (Student t test; P � 0.001). The multiplicity of infection
(mean number of alleles combining msp-1 and msp-2 genotyp-
ing), ranging over 1 to 10 alleles, in the peripheral, placental,
and cord blood is shown in Fig. 1. Multiplicity of infection was
not related to parasite density, being assessed on thick blood
smears (Spearman correlation test; P � 0.3).

The proportion of matched placental/peripheral and placen-
tal/cord blood samples with identical and partially concordant
msp-1 and msp-2 alleles (Fig. 2) shows three different situa-
tions: (i) concordant combined msp-1 and msp-2 profiles, rep-
resenting identical parasite populations in both compartments;
(ii) partial sharing of alleles corresponding to either one com- partment parasite population being a subpopulation of the

other or both compartments sharing alleles but also harboring
nonshared alleles; and (iii) discordant allele profiles, suggest-
ing completely separate populations in both compartments.

The percentage of identical alleles in matched pairs of sam-
ples was calculated from the quantitative data obtained by
fragment analysis. For all matched samples, the sum of the
relative quantification corresponding to alleles shared between
the two compartments is shown in Fig. 3, representing the
proportion of shared alleles in placental blood (A) and in
peripheral blood (B) among the whole parasite population of
each compartment. A median of 95.2% of the parasites from
the placenta were also present in the peripheral blood, and
94.1% of parasites from peripheral blood were also in the
placenta. A median of 79.9% of the parasites from the placenta
were also present in the cord blood, and 95.9% of parasites
from the cord blood were also in the placenta (data not
shown).

Most studies on parasite population dynamics (6, 9, 11) and
multiplicity of infection (1, 17) have investigated peripheral

FIG. 1. Results of combining the msp-1 and msp-2 genotyping data.
The percentages of samples with different multiplicities of infection in
the peripheral (black), placental (white), and cord (hatched) blood
samples were calculated. Primers used were msp-1 f-5�-CACATGAA
AGTTATCAAGAACTTGTC-3� (sense, fluorescein labeled) and 5�-
GTACGTCTAATTCCATTTGCACG-3� (antisense) and msp-2 f-5�-
GAAGGTAATTAAAACATTGTC-3� (sense, fluorescein labeled)
and 5�-GAGGGATGTTGCTGCTCCACA-3� (antisense).

FIG. 2. Msp-1 and msp-2 genotype composition in matched placen-
tal/peripheral samples and placental/cord blood samples with identical
and partially concordant alleles, from infected women delivering in
Thiadiaye, Senegal; the proportions of women with identical (black),
completely discordant (white), and partially concordant alleles in
matched samples are shown and the numbers of women are indicated.
Three profiles are illustrated: msp-1 and msp-2 alleles taken separately
and combined msp-1/msp-2 profiles. The group of matched samples
with partially concordant alleles is subdivided into three subgroups
with identical alleles in both compartments and additional alleles in (i)
the placenta (light stripes), (ii) the peripheral or cord blood (heavy
stripes), and (iii) both compartments (grey).

TABLE 1. Allelic diversity, mean number of alleles, and the range
of detected alleles in 43 women from Thiadiaye at delivery as
deduced from msp-1 and msp-2 fragment-analysis method in

placental, peripheral, and cord blood samples

Gene and characteristic

Value for blood from:

Periphery
(n � 39)

Placenta
(n � 43)

Cord
(n � 11)

msp-1
Allelic diversity (no.) 25 24 7
Mean no. of alleles � SD 2.00 � 1.12 2.14 � 0.79 1.36 � 0.81
No. of alleles (min–max) 1–5 1–4 1–3

msp-2
Allelic diversity (no.) 26 21 17
Mean no. of alleles � SD 6.10 � 1.53 5.63 � 2.12 7.09 � 1.58
No. of alleles (min–max) 3–9 1–10 4–9
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blood, where evidence is still lacking that detected parasites
represent the overall infecting population. In women at deliv-
ery, there is a unique opportunity to analyze parasite genotypes
in different compartments. A few studies addressed this issue,
but only on a qualitative basis (2, 13, 21). A qualitative analysis
of our data largely confirms those from previous studies, dem-
onstrating a large allelic polymorphism and a high multiplicity
of infection in the three compartments (4, 14, 20). Our data
also confirm that in most matched placental/peripheral blood
pairs, some alleles were shared, while others were detected
only in one compartment (13, 21). One plausible explanation
for the differences of allele composition in matched samples is
the absence in one compartment of a highly synchronized
genotype, from which all forms are either circulating ring
forms or mature forms sequestering in the placenta (9). Con-
versely, asynchronous genotypes simultaneously present in
both compartments lead to identical alleles in peripheral and
placenta blood. In matched placental/cord blood samples, the
alleles distribution differs more than in matched placental/
peripheral samples, confirming the lower homology between
cord and placenta blood (12, 13). Furthermore, full allelic
discordance in some placental/cord blood pairs suggests the
absence of contamination of cord blood by placental blood at
delivery.

For the first time, we have performed the fragment analysis
method (11) not only to enumerate alleles but also to quantify
with a high sensitivity different parasite populations in different
compartments. Specific allelic family PCR tends not to detect
alleles present at proportions less than 10% (7, 8, 18), while we
detected alleles at a ratio as low as 0.4% in paired samples
from some individuals. Although several msp-1 and msp-2 al-
leles are not shared between the three compartments, the
quantitative assessment demonstrates that almost all non-
shared alleles constitute minor populations. Shared alleles in
peripheral and placental represent 95.2% of the parasites from
the placenta and 94.1% of those from peripheral blood. A high
homology was also observed in matched placental/cord blood
samples. Overall, these data strengthen the hypothesis that
parasite populations in the peripheral, placental, and cord
blood mostly derive from a single population. Moreover, par-
asites from peripheral and placental compartments share sim-
ilar phenotypes of adherence to chondroitin sulfate A, the

placental receptor of cytoadherence (23). The adhesion of
infected erythrocytes to syncytiotrophoblasts in placenta is as-
sociated with the expression of distinct variant surface antigens
on the membrane of infected erythrocytes. The major one is
PfEMP-1 encoded by the var gene family (3, 10, 15). Further
investigation should determine the expressed var genes respon-
sible for parasite sequestration in placenta.

In conclusion, quantitative measurement of parasite alleles
completes qualitative information and suggests a more homog-
enized view of the allelic distribution in different compart-
ments. Identical alleles in placental, peripheral, and cord blood
represent 80 to 95% of the parasite populations present in
each of these compartments. The high degree of homology
between placental and peripheral blood is consistent with the
spontaneous clearance of parasites from peripheral blood
within few hours after delivery (16), suggesting that the main,
if not the only, organ of sequestration of P. falciparum in
pregnant women is the placenta.
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