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Foetal RhD genotyping using DNA extracted from
maternal plasma

Lo YMD, Hjelm NM, Fidler C, Sargent IL, Murphy MF, Cham-
berlain PF, Poon PMK, Redman CWG, Wainscoat IS. (Depart-
ment of Chemical Pathology, Chinese University of Hong Kong,
Prince of Wales Hospital, Hong Kong.) Prenatal diagnosis offetal
RhD status by molecular analysis of maternal plasma. N Engl J
Med 1998;339:1734-8.

SUMMARY
In order to determine foetal RhD status non-invasively in RhD-
sensitized pregnant women whose partners are heterozygous for the
RhD gene, Lo et al. studied 57 RhD-negative pregnant women and
their singleton foetuses. DNA extracted from maternal plasma was
analysed for the RhD gene with a fluorescence-based polymerase
chain reaction (PCR) test sensitive enough to detect the RhD gene in
a single cell. The accuracy of this RhD PCR system was established
by blood samples collected from 30 blood donors who were positive
for RhD on serological testing and 30 blood donors who were
negative. To assess the value of this system for prenatal diagnosis, 10
ml blood samples were collected in the first trimester of pregnancy
(7 to 14weeks) from 12women during a routine prenatal check up.
Blood and amniotic fluid samples were also collected for RhD
genotyping from 30 women in the second trimester (15 to 23 weeks)
just before amniocentisis and 15women in the third trimester (37 to
41 weeks) at the time of delivery.

For the women studied during the first and third trimesters, cord
blood samples were collected at the time of delivery to determine the
foetal RhD status by serological methods. Thirty-nine foetuses were
RhD-positive and 18 were RhD-negative. In the samples obtained
from women in their second or third trimester of pregnancy, the
results of RhD peR analysis of maternal plasma DNA were com-
pletely concordant with the results of serological analysis. Among
the maternal plasma samples collected in the first trimester, 2
contained no RhD DNA, but the foetuses were RhD-positive; the
results ofthe other 10sampleswere concordant (7wereRhD-positive
and 3 RhD-negative). The authors suggest that non-invasive foetal
RhD genotyping can be performed rapidly and reliably with the use
of maternal plasma beginning at the second trimester of pregnancy.

COMMENT
The human RhD gene is absent in RhD-negative subjects.' When
the father of a foetus being carried by a sensitized RhD-negative
woman is heterozygous for RhD, half the foetuses may be RhD-
negative while the others may be RhD-positive. These cases may
require sophisticated investigative and therapeutic measures.i-'
Thus, determination of RhD status in these cases in the prenatal
period is extremely useful clinically because RhD-negative foe-
tuses require no further testing or therapeutic procedures.'

Though haemolytic disease of the foetus and newborn was
documented nearly 400 years ago, the identification of the cause
of haemolysis had to wait till the discovery of the Rh system in
1940.4 The haemolytic disease of the foetus occurs in an RhD-
positive foetus carried by an RhD-negative woman who has been
immunized by transplacental passage of RhD-positive red cells

during a prior pregnancy.' Rarely, immunization could have been
due to inadvertent transfusion of RhD-positive cells to a RhD-
negative woman. It is now established that maternal IgG anti-
bodies to RhD traverse the placenta, coating and destroying the
RhD-positive foetal red cells. RhD haemolytic disease shows a
wide spectrum. Some infants may be mildly affected manifesting
jaundice and anaemia which may develop in the first week of life.
More severely affected infants may develop profound hyperbiliru-
binaemia and kernicterus which, in 70% of cases, can result in
death within one week of birth. In the more severe form which
carries a high mortality, profound anaemia may develop in utero
as early as the eighteenth week leading to hydrops fetalis with
generalized oedema, ascites, hepatosplenomegaly, and erythro-
blastosis foetalis."

Advances, such as the introduction of the spectrophotometric
measurement of bilirubin in amniotic fluid as an index of haemo-
lysis in 1961,7 foetal ultrasonography in the late 1970s and of
foetal blood sampling in the early 1980s, further improved the
accuracy of foetal diagnosis. The introduction of intraperitoneal
foetal transfusions and of intravascular foetal transfusion? further
lowered the death rate from haemolytic disease of the newborn.
However, Rh isoimmunization still occurs despite the widespread
use of Rh immunoglobulin prophylaxis in RhD-negative preg-
nant women.

Serial measurements of bilirubin in amniotic fluid and mea-
surement of haemoglobin concentration in foetal blood have been
employed to determine the RhD status of the foetus. However,
both these invasive approaches carry some risk of foetal trauma
and of foeto-maternal transfer of blood, which can increase the
titre of antibodies against RhD if the foetus is RhD-positive.
Furthermore, ultrasonography to determine the size of the pla-
centa and the size of the foetal liver may fail to identify an RhD-
positive foetus until hydrops fetalis has occurred.' Analysis of
DNA in the amniotic fluid by PCR to determine the foetal RhD
status'? is very accurate but is also invasive. PCR analysis to
detect foetal nucleated erythroid precursors in maternal blood has
also been tried, but is time-consuming, technically difficult and
costly."

In this paper, Lo et al. determined the RhD status of singleton
foetuses from 57 RhD-negative women whose partners were
heterozygous for the RhD gene, using a fluorescence-based PCR
assay that was sensitive enough to detect the amount ofRhD DNA
found in a single cell. This method correctly identified the RhD
status of 10 of the 12 foetuses from mothers in the first trimester
of pregnancy, that of all 30 foetuses and 15foetuses from mothers
in the second and third trimesters, respectively. There was com-
plete concordance between the serological results and RhD PCR
genotyping. The false-negative results for 2 samples in the first
trimester was attributed to the low concentration of foetal DNA in
the maternal plasma at that time. The method they describe is
rapid and provides results within one day, and represents a major
advance in foetal RhD genotyping. It does not appear to be
affected by the persistence of foetal cells from previous pregnan-
cies.

With the feasibility of foetal RhD genotyping using DNA
extracted from maternal plasma, the hazards associated with
invasive procedures such as amniocentisis and chorionic villus
sampling can be avoided. Availability of reliable results early in
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the second trimester would give clinicians adequate time to plan
further tests and treatment. This approach has the potential for
routine use in non-sensitized RhD-negative pregnant women.
There is scope for application of this method for the diagnosis of
many disorders involving single genes.
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Oestrogen deficiency: An important risk marker for
fractures

Cummings SR, Browner WS, Bauer D, Stone K, Ensrud K, Jamal
S, Ettinger B. (Departments of Medicine and Epidemiology_and
Biostatistics, University of California, San Francisco; Depart-
ment of Medicine, Veterans Affairs Medical Center and the
Division ofEpidemiology, School of Public Health, University of
Minnesota and the Division of Research, Kaiser Permanente
Medical Care Program, Oakland, California.) Endogenous hor-
mones and the risk of hip and veterbral fractures among older
women. N Engl J Med 1998;339:733-8.

SUMMARY
Oestrogen deficiency causes bone loss in post-menopausal women,
thus increasing the risk of hip and vertebral fractures. Hormone
replacement therapy (HRT) is the most important and common
therapy for prevention of bone loss and its long term effects reduce
the risk of osteoporotic fractures by 50%. However, high concentra-
tions of circulating unopposed oestrogens are associated with a risk
of endometrial and breast carcinoma. Hence, there is a continuous
search for the minimum effective dose for reducing bone loss. Could
a baseline data of circulating hormones, before the occurrence of
fractures, be a predictive marker for the risk of hip and vertebral
fractures and will it give an indication of the minimum effective dose
of oestrogen that may suffice to prevent bone loss in elderly women?
To answer this, Cummings et aI., in a prospective study of osteo-
porotic fractures, investigated the baseline serum hormone concen-
trationin womenmore than 65 years of age and followed them for 5.9
years for the occurrence of hip and vertebral fractures. The baseline
values in 133 women who subsequently had hip fractures and 138
women who later got vertebral fractures were compared with ran-
domly selected controls from the same cohort. The risk of hip and
vertebral fractures increased substantially in women with undetect-
able serum oestradiol concentrations (5 pg/ml). Surprisingly, there
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was no effect of increasing serum oestradiol concentrations on the
risk of fracture among women who had detectable concentrations at
baseline, all of whom had a relative risk of having a fracture of 0.3
to 0.5 compared with women having undetectable concentrations.
This suggests that the current recommended oestrogen dose, particu-
larly for women over 65 years of age, may be higher than the dose
required to maintain skeletal health; and a much lower dose of
oestrogen may suffice to prevent osteoporosis. On the other hand,
there was a linear relationship between serum concentration of sex
hormone binding globulin (SHBG) and the risk of fracture. Women
with both undetectable serum oestradiol and SHBG > 1 fJg/dlhad a
much higher relative risk of hip and vertebral fractures. Low serum
1,25-dihydroxy vitamin D concentration (23 pg/ml) also indicated a
higher risk of hip/vertebral fracture. An association between high
serum oestrone concentrations and increased risk of vertebral frac-
ture in this study is surprising because oestrone has effects that are
similar to, though weaker than oestradiol. This may be due to lower
conversion of oestrone, produced from adrenal androstenedione, to
oestradiol in the post-menopausal state.

Undetectable baseline serum oestradiol concentrations and high
SHBG levels in women 65 years or older appear to be good markers
for the risk of hip and vertebral fractures.

COMMENT
Oestrogen is important for bone preservation and its deficiency
causes bone loss in women. Hormone replacement therapy for the
prevention and treatment of osteoporosis is being used increas-
ingly.' In 1941, Albright first related the prevalence of hip and
vertebral fractures with post-menopausal gonadal deficiency and
there is a large body of evidence to support this hypothesis.P The
loss of bone mineral density. (BMD), particularly in the parts of the
skeleton with a relatively trabecular bone content, is known to
accelerate with a decline in ovarian function. This loss of BMD
increases the likelihood of fractures of the hip and spine. A
positive therapeutic effect of oestrogen on increasing skeletal
mass and decreasing fracture rates has been demonstrated.t-'
Daily oral doses of 0.625 mg of conjugated equine oestrogens or
oestrone, 0.5 mg or higher dose of 17~ oestradiol, raising the


