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HAEMIOLYTIC DISEASE OF THE NEWBORN AND
ITS PREVENTION

L A Derrick Tovey

History and incidence
Fifty years ago a paper was published in theJournal ofthe American Medical
Association entitled "An unusual case of intra-group agglutination" by
Philip Levine and Rufus Stetson. The title was unlikely to interest the
casual reader, and yet it was a historic paper. Professor J J van Loghem
called it "a milestone in the history of medical science" when it was
reprinted in Vox sanguinis in 1980. That article was the first of many about
what was later defined as "Rhesus haemolytic disease of the newborn," in
those days an important cause of fetal and neonatal mortality and
morbidity. For example, at Queen Charlotte's Hospital, London, between
1946 and 1949, 11 035 babies were delivered and 34 died because of Rh
antibodies, an incidence of 3 2/1000 births. One in 200 pregnant mothers
developed Rh antibodies, and of those 20% lost their infants in their first
affected pregnancy, and 40% in subsequently affected pregnancies.Philip Levine.
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Rh haemolytic disease of the newborn was therefore a serious cause of
misery and distress for many Rh negative mothers. Some improvement in
fetal survival was achieved by the introduction of exchange transfusions,

cand intrauterine transfusions, intensive plasma exchange, and early induction
of labour. These measures, often heroic, reduced the mortality for Rh
positive fetuses but it was not possible at that time to reduce the numbers of

4 mothers who become sensitised.
lasmat

The breakthrough came in the early 1960s. In a report of a meeting of the
Liverpool Medical Institution on 18 February 1960 Dr Ronald Finn of the
department of medicine, University of Liverpool, "tentatively suggested
that it might be possible to destroy any fetal cells found in the maternal

80 circulation following delivery by means ofa suitable antibody. If successful,
this would prevent the development of erythroblastosis." This, another
historic prediction, was made possible by the studies ofthe mechanics ofRh
sensitisation carried out in the department of medicine at Liverpool under
the direction of Professor Sir Cyril Clarke.

Just before that the Kleihauer technique had been described; this allowed
research workers to detect fetal red cells in maternal blood, and the workers

-B in Liverpool found a correlation between the number of fetal red cells in the
maternal circulation and the incidence ofRh sensitisation. In other words,

D Rh negative mothers became sensitised by small "transfusions" (fetal leaks)o of their infants' Rh positive cells into their circulations during pregnancy.
These leaks usually occurred during the last trimester.

The second fact that they considered was the effect ofABO
incompatibility between mothers and children on the incidence ofRh
sensitisation. Not all Rh negative mothers are equally at risk. If the father is

ve ABO incompatible (for example, group 0 mother, group A father) then the
mother's chances of developing antibodies are reduced by a factor of eight.
The mechanism of this protection was explained along the lines outlined
below.
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A mother who had extensive plasma
exchange during pregnancy with her healthy
baby, sitting in front of the machine used for
the plasma exchange.

The group 0 mother has naturally occurring anti-A and anti-B in her
serum, and if her infant is group A or B then as soon as any fetal red cells
leak into her circulation they are destroyed by the maternal anti-A or anti-B
and the chances of sensitisation are reduced.

Unfortunately most matings are compatible so there is no natural
protection. The Liverpool workers then argued that the only fetal red cells
that need to be destroyed are the Rh positive ones -whether they are ABO
compatible or not-as Rh negative cells cannot sensitise because they lack
the D antigen. Thus if an anti-D antibody was injected it would destroy all
fetal cells that were capable of sensitising the mother. Ironically their
weapon- which they hoped would wipe out Rh disease altogether -was the
causative antibody itself; a preliminary clinical trial showed that their
reasoning was correct.
Coincidentally a group of American workers had conceived the idea of

giving anti-Rh immunoglobulin to prevent Rh sensitisation by a totally
different route. They started with the premise that giving a passive antibody
at about the same time as the subject is exposed to the corresponding
antigen will prevent active immunisation, and so they gave passive anti-D to
volunteers and found that it was protective. Whether the anti-D simply acts
non-specifically by removing D positive cells, or whether there is a more
specific immunological action as postulated by the American workers, is
still not clear. Whatever the mechanism, giving anti-D soon after delivery
does lead to a reduction in the number of mothers sensitised, and
prophylactic regimens have been in practice in most countries for many
years.

Rh prophylaxis in Rh D negative mothers in Great Britain using anti-D immunoglobulin

A Kleihauer test should be carried out on the maternal blood, and if the
fetal leak of red cells is above normal (more than one fetal cell/500 adult
cells), a larger dose of anti-D immunoglobulin should be given.

Points to note:

* It is necessary to give anti-D after every Rh positive pregnancy unless the
patient has shown evidence of active immunisation.

* Anti-D is only necessary if the infant is Rh D positive. If, however, the
infant's anti-D group is in doubt, anti-D should be given.

... ..0* If the mother is reported as DU, anti-D is not necessary.

* Although anti-D should be given within 72 hours, it has been shown to
give some protection if given up to 12 days after delivery.

Kleihauer staining to show fetal red cells It is not well known that abdominal trauma to a pregnant woman can
(dark staining) among maternal red cells result in a leak of fetal red cells, resulting in Rh sensitisation. Doctors
(pale "ghosts"). attending such cases should determine the patient's Rh group, and if she is

D negative should give anti-D immunoglobulin. If there is any doubt about
whether anti-D immunoglobulin should be given, a haematologist or

director of a transfusion centre should be consulted.
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Incidence of anti-D sensitisation/1000 births, 1970-86.

The introduction of Rh prophylaxis
caused a sharp decline in the number of
pregnant mothers with evidence ofRh
sensitisation, but this decline has now
almost ceased. The reasons for the
continuing incidence ofRh haemolytic
disease of the newborn in spite of a
decade of immunisation after delivery
are:
The original decrease was due not

only to Rh prophylaxis but also to a
change in patterns of behaviour.
Mothers developing antibodies were
more likely to request sterilisation or
contraception than have further affected
babies.
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* The Rh antigen is complex
* It is the result of the activity of three pairs
of allelic genes: Cc Dd Ee
* The commonest cause of haemolytic
disease of the newborn is the D antigen
* A Rh negative mother is usually cde/cde
and "Rh positive" refers to those who carry
the D antigen (for example, CDe/cde)
* Anti-D is therefore the commonest
antibody causing haemolytic disease of the
newborn
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Antenatal prophylaxis

Stillbirth with hydrops fetalis caused by Rh
antibodies.

Infant with kernicterus (brain damage caused
by jaundice).

* Failure to give the injection-Some mothers fail to receive the injection,
despite being eligible. Sometimes this is because they have antibodies other
than anti-D (for example, anti-Kell); it is a fallacy therefore to assume that
anti-D is not necessary. Doctors or midwives may be distracted by more
acute and pressing clinical problems at the time of delivery. Occasionally a
sample of cord blood is taken incorrectly and a Rh positive infant is grouped
as Rh D negative because the blood is mainly the mother's. Thus the mother
is mistakenly thought not to need injection. Some mothers refuse anti-D
immunoglobulin either for religious reasons or because they are not
convinced that it is safe. It is important to disseminate the information that
no case of transmitted viral infection (including HIV) has been reported
after injection of anti-D immunoglobulin.

Recent data from the Yorkshire region emphasise that abortion is a
sensitising factor, and therefore the woman needs Rh prophylaxis. In my
opinion all women having surgical terminations should receive an
intramuscular injection of 50Fg (25 IU) of anti-D immunoglobulin,
although some obstetricians consider that it is not necessary for therapeutic
abortions before 13 weeks' gestation. In cases of spontaneous or threatened
abortion an injection is definitely necessary after 13 weeks. In the case of
spontaneous or threatened abortion before 13 weeks the need for anti-D has
not been proved, but a good rule is "if in doubt give anti-D."

* Failure ofprotection- Some mothers develop anti-D before delivery, so
the injection of anti-D immunoglobulin after delivery is too late. This is
particularly dangerous in those having their first babies, of whom roughly
1% of Rh D negative women develop antibodies in pregnancy-usually
during the last trimester. Often a second Rh D positive infant is severely
affected. These are the so called "hyper-responders" to the D antigen, and
these mothers lose a proportionally higher percentage of infants than those
who respond normally.

To reduce the number of women who became sensitised during
pregnancy, workers in Canada introduced antenatal prophylaxis. A recent
survey showed that in 40% of all new cases of anti-D sensitisation,
antibodies were first detected between 30 weeks' gestation and delivery and
thus the patients may well have been protected by antenatal prophylaxis.
The prophylactic anti-D immunoglobulin is usually given at 28 and 34

weeks' gestation. Some people give it only at 28 weeks, but in Great Britain
it is recommended that both injections are given. The standard dose is
100 [tg (500 IU), and if the infant is Rh D positive a similar or higher dose is
given after delivery as in the standard postnatal regimen.
The chances of a mother becoming sensitised are much greater in first and

second Rh positive pregnancies. Because of this it is recommended that
antenatal prophylaxis is given at least in the first pregnancy. Excluding
other causes of fetal loss, the mother is thus "guaranteed" two unaffected
infants. This programme is particularly relevant if anti-D immunoglobulin
is in short supply. Most obstetricians will have encountered sad cases of
hyper-responders who developed antibodies in a first pregnancy, lost the
child for other reasons, and then had a severely affected baby. Such women
are in danger of never having a living child.
At present antenatal prophylaxis is not practised universally, principally

because of doubt about its cost effectiveness. A detailed study from Canada
has questioned this, however, and claimed that antenatal prophylaxis-
particularly in first pregnancies-is economically worth while. Others
consider that the dangers of injecting foreign red cells to immunise or boost
Rh negative volunteers do not justify providing the increasing amount of
anti-D immunoglobulin that is necessary for antenatal prophylaxis. This
argument carries particular weight now, when HIV and hepatitis B virus
can be transmitted by blood products. Although it is not possible to
eliminate these risks completely, careful selection of donors restricts them
to a minimum.
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During pregnancy
Anti-D should be given after any potentially
sensitising episode, including:
* Amniocentesis
* External cephalic version
* Abdominal trauma
* Antepartum haemorrhage
* Ectopic pregnancy
* Chorionic villus sampling
Dose: before 20 weeks' gestation 50 pg

(250 IU)
after 20 weeks' gestation 100 pg
(500 IU)

After delivery
100 pg anti-D should be given:
* Within 72 hours if the infant is Rh (D)
positive
* If the Rh (D) type of the infant cannot be
determined
* If the screen for fetal cells is >4 ml
additional anti-D should be given

Abortions
Anti-D should be given for:
* All therapeutic abortions
* Spontaneous abortions if there is surgical
intervention
* Spontaneous abortions after 12-13 weeks'
gestation
* Threatened abortions after 12-13 weeks'
gestation
Dose: before 20 weeks' gestation 50 pg

(250 IU)
after 20 weeks' gestation 100 pg
(500 IU)
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Anti-D immunoglobulin.

Some obstetricians have claimed that there are insufficient data to
reassure them that antenatal prophylaxis is safe, either for mother or infant.
A recent study in Yorkshire, however, found no ill effects and these results
bear out those of the Canadian (and other) workers.
One encouraging aspect of Rh haemolytic disease of the newborn is that,

although we have been able to reduce the incidence of Rh sensitisation by
only 70%, greatly improved obstetric management and neonatal intensive
care have reduced the number of deaths as a result of Rh incompatibility by
90%.

Haemolytic disease caused by blood group antibodies other than anti-D
The picture of Philip Levine appeared in The discovery of Rh
haemolytic disease (Vox Sang 1984;47:187-90) and is reprinted by
kind permission of S Karger A G, Basle. The figure showing
prenatal deaths caused by anti-D haemolytic disease of the
newborn is from: Tovey LAD. The contribution of antenatal
anti-D prophylaxis to the reduction of the morbidity and
mortality in Rh haemolytic disease of the newborn (Plasma
Therapy and Transfusion Technology 1984;5:99-104) and is
reproduced by kind permission of Pergamon Press plc. The
colour illustrations are reproduced by courtesy of the Audiovisual
Department, St James's University Hospital, Leeds, except that
of the anti-D immunoglobulin, which is reproduced by courtesy
of Dr A M Jackson, Scarborough Hospital.

Although anti-D is by far the most common blood group antibody that
causes haemolytic disease of the newborn, the disease can also be caused by
other antibodies. Luckily few cause severe haemolytic disease, but anti-c
and anti-Kell must be treated seriously and managed in a similar way to
anti-D. Finally, although anti-A and anti-B antibodies do not normally pass
the placenta, immune forms (IgG) do occur and result in ABO haemolytic
disease, a common cause of neonatal jaundice particularly when the mother
is group 0 and the infant group A.

Dr L A Derrick Tovey was formerly director, Yorkshire Regional Transfusion Centre, Leeds.
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