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The purpose of the duplicate test is to avoid the occurrence of an artefact due to traumatisation
of the red blood cells, particularly when separating the clot from the wall of the tube. Natur-
ally, care must be taken that the needles and syringes used for the test are perfectly dry.

If there is no change in the appearance of the patient's plasma, and the need for blood is
urgent, one can then proceed with the transfusion of larger amounts of blood from the same
donor. When time permits, however, it is preferable to inject another test dose of 50 cc. of
the donor's blood and to draw a third sample of blood after an additional hour. In this way
more reliable results can be obtained and the reaction in positive cases is more striking. In
positive reactions, one hour after the test injection of 50o cc. of blood, the patient may have a
severe chill and rise in temperature, but the clinical symptoms may be quite mild, and occasion-
ally they may be entirely absent. More reliance is to be placed on the appearance of the patient's
plasma, which will show a distinct rise in the icteric index as compared with the pre-transfusion
sample. The donor's blood used for the biological test should be fresh: if only bank blood is
available, no sample more than three days old should be used. The reason for this is that
blood stored for periods longer than 7 to 10 days, even though apparently intact when trans-
fused, often breaks down rapidly in the patient's circulation. In this way a positive biological
reaction might be obtained even with serologically compatible blood.

SUMMARY

The practical points in this short review may be summarised as follows. Before a trans-
fusion is given the direct and indirect blood matching tests should be carried out using an exact
technique. Particular care should be taken in direct matching recipients who have had previous
transfusion, or who are or have recently been pregnant. Where there is any doubt as to the
presence of atypical agglutinins in the recipient's serum, a biological test should be a routine
preliminary to transfusion.
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THE APPLICATION OF PRESENT KNOWLEDGE ABOUT THE RH
FACTOR

By P. L. MOLLISON, M.B., M.R.C.P.

A. A BRIEF OUTLINE OF KNOWN FACTS ABOUT RH AGGLUTINOGEN

The facts about the Rh agglutinogen are at first sight easy to understand. 85 per cent of
human beings (whites) are Rh positive (that is their erythrocytes contain the Rh agglutinogen):
I5 per cent are Rh negative. This newly recognised grouping is independent of the four main
blood groups and differs from the latter system in one very important respect, namely, in that
persons whose erythrocytes lack the Rh agglutinogen do not normally have the corresponding
anti-Rh agglutinin in their serum. It will be recalled that, by contrast, in the four main blood
groups lack of the A or B agglutinogens from the erythrocytes is always accompanied by the
presence of the corresponding anti-A or anti-B agglutinins in the serum.

Rh negative persons can, however, form anti-Rh agglutinins under either of two circum-
stances, and in this fact lies the importance of the Rh agglutinogen. These circumstances are-

(i) (in persons of either sex) after the transfusion of Rh positive blood;
(ii) (in women) during pregnancy, when the foetus is Rh positive (the Rh agglutinogen

having been inherited from the father).
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The consequences of the formation of anti-Rh agglutinins are also apparently clearly
defined:

(i) Rh negative persons whose serum has come to contain anti-Rh agglutinins as a result
of one of the circumstances defined above, will suffer a haemolytic reaction if they
subsequently receive a transfusion of Rh positive blood.

(ii) When an Rh negative woman forms anti-Rh agglutinins during pregnancy, in response
to stimulation by the Rh agglutinogen passed across the placenta from an Rh positive
foetus, the anti-Rh agglutinins so formed pass back across the placenta into the
foetal circulation and cause the destruction of foetal erythrocytes. This in turn
gives rise to the condition known as erythroblastosis foetalis or, better, haemolytic
disease of the foetus.

This process of the formation of immune agglutinins by a member of a given species against
some antigen lacking from its own tissues, but present in the tissues of another member of the
same species is known. as iso-immunisation. Unfortunately, the simple outline, presented
above, of the way in which persons become sensitised to the Rh agglutinogen and of the conse-
quences of this sensitisation, provides only a rough account of the role played by iso-immunisation
'in clinical medicine. Many modifications and additions must be made before a true picture
can be presented. The modifications reside chiefly in the irregularity with which Rh negative
persons respond to the stimulus-of the Rh agglutinogen. The additions are mainly due to two
facts. Firstly, the "Rh agglutinogen" is not a single agglutinogen, but a group of related agglu-
tinogens; the erythrocytes of an "Rh positive" person may contain only one or some of these
agglutinogens, and such a person can still form "anti-Rh" agglutinins against other varieties of
Rh agglutinogens. Secondly, red cell agglutinogens other than Rh are also antigenic in man.

Irregularity of Response to the Rh Agglutinogen
1. Response of Rh negative recipients to transfusions of Rh positive blood.

Wiener and Peters (I940) published the first report of haemolytic transfusion reactions
caused by the interaction of anti-Rh agglutinins in the recipient's serum and Rh agglutinogen
in the donor's erythrocytes. Wiener (194I) later reported ten similar cases. He pointed out
that sometimes the destruction of Rh positive erythrocytes by anti-Rh agglutinins might occur
so slowly that no obvious signs of haemolysis were produced. The only evidence of such "in-
apparent haemolysis" might be a failure of the recipient's haemoglobin value to increase after
transfusion, or rather to remain increased after transfusion. Conclusive evidence of this destruc-
tion could be produced by carrying out differential agglutination tests and demonstrating that
the donor's erythrocytes had been eliminated. A good example of inapparent haemolysis is
provided by the following case (described by Boorman, Dodd and Mollison, 1942).

CASE i.--A man, aged twenty-five, had had symptoms of ulcerative colitis for eight
years. In November I940 he had a relapse and received two transfusions, totalling 2.500 c.c.
of group 0 blood. The response to these transfusions was satisfactory. In April I942
he was readmitted to hospital for further treatment and received a transfusion of ,000ooo c.c.
of group O blood. Forty-eight hours after this transfusion it was noted that his haemo-
globin value had scarcely been raised, and that his serum had become more yellow. By
the fifth day after transfusion it could be demonstrated that only a trace of the donor blood
remained in the circulation, and that the recipient had produced anti-Rh agglutinins. By
the seventh day, no trace of the donor blood remained. It was demonstrated that the
donor blood was Rh positive, and that the recipent was Rh negative. Apart from the
failure of the patient's haemoglobin value to increase after transfusion, there were no signs
from the clinical point of view that a haemolytic reaction had occurred.
From cases published by Wiener (I94I) and by Vogel, Rosenthal and Levine (I942), it is

evident that if the "inapparent haemolysis" produced by the development of anti-Rh agglu-
tinins is not detected and further transfusions of Rh positive blood are given, the reactions are

likely to become far more severe and be in every way comparable to those of ordinary "wrong
group" transfusions. It is also evident, however, that in many instances repeated transfusions
of Rh positive blood must be given over a period of many months, or even years, before the
recipient develops anti-Rh agglutinins capable of causing a serious haemolytic reaction.

By contrast, Dacie and Mollison (I943) reported a case in which a patient (Rh negative),
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who had never previously received a transfusion and whose only child was Rh negative,
developed anti-Rh agglutinins after her first transfusion, which was of Rh positive blood.
In this case the response was very slow and was only detected by estimating the survival rate
of the transfused erythrocytes. The latter were completely eliminated within 59 days of
transfusion instead of the usual I00 days or more.

On the whole, the impression obtained from the evidence so far available is that Rh is a
poor antigen for man, that is to say, that several stimuli are usually necessary before there is
a good antibody production. This impression is increased by observations which indicate that
Rh negative women only irregularly become sensitised to the Rh agglutinogen as a result of
becoming pregnant with an Rh positive foetus.

2. Response of Rh negative women during pregnancy to the presence in utero of an
Rh positive foetus.

Landsteiner and Wiener (I940) have shown that when the father is Rh positive and the
mother Rh negative, the Rh group of the infant will depend upon whether the father is
homozygous (RhRh) or heterozygous (Rhrh) for the Rh factor. If the former, all the children
will be Rh positive, but if the latter, half the children will be Rh positive and half Rh negative.
In this paper the symbol Rh is used for any Rh positive gene, irrespective of subgroup.

It has been estimated that the combination of an Rh negative mother and an Rh positive
foetus occurs in approximately I in 10 of all pregnancies. On the other hand, the incidence
of haemolytic disease of the foetus has been estimated at only I in 400 births (Javert, I942).
Evidently, therefore, only once in 40 times doQs the potentially dangerous combination actually
lead to morbidity. One of the main reasons for this is almost certainly the fact that many Rh
negative women require the stimulus of more than one pregnancy before they respond by
producing anti-Rh agglutinins.

In testing different families in which the birth of one or more infants affected with haemo-
lytic disease has occurred, it is found that in only a small proportion of cases is the first child
affected, and quite often the birth of several normal Rh positive children occurs before the
mother becomes sensitised and starts giving birth to affected children. The following case
provides a good example of this:

CASE 2.-The seventh infant of Mrs. M. developed severe jaundice shortly after birth,
and was found to be affected with icterus'gravis neonatorum. Its red cells were Rh positive,
whereas those of its mother were Rh negative, and her serum contained anti-Rh agglutinins.
Five of the six previous children were seen and tested: all were Rh positive -and all had
been healthy since birth.
Such women who only respond to the Rh agglutinogen after repeated stimuli may be

compared with the persons referred to above who only develop anti-Rh agglutinins after the
repeated transfusion of Rh positive blood.

Although the presence of anti-Rh agglutinins in a mother's serum at the time of delivery
is usually associated with haemolytic disease of the foetus, it is not necessarily so. Either the
foetus may be Rh negative (the anti-Rh agglutinins having been formed in a previous pregnancy)
or the foetus, although Rh positive, may be unaffected.

The following cases illustrate these points:
CASE 3.-Mrs. H., was first seen during her fourth pregnancy. Of her three previous

children, the first had been healthy from birth and was found to be Rh positive. The
second had died within a few days of birth from "icterus gravis neonatorum." The third
infant was normal and was Rh negative. Mrs. H. was Rh negative, and (at the sixth month
of her fourth pregnancy) her serum contained anti-Rh agglutinins. The question arose as
to whether the presence of anti-Rh agglutinins indicated that the foetus in utero was Rh
positive or whether the agglutinins had simply persisted since the second pregnancy.
When the patient was delivered it became clear that the latter explanation was correct for
the foetus was Rh negative and healthy.

CASE 4.-Mrs. J. was first seen during her fourth pregnancy. Her first three infants
had been normal. Her blood group was A Rh negative, and her serum contained very
weak anti-Rh agglutinins. At the time of delivery the presence of weak anti-Rh agglutinins
was confirmed. The infant appeared healthy at birth, and although Rh positive it-main-
tained a normal blood picture.

JANUARY, 1944 THE IZH FACTOR 19
copyright.

 on M
ay 17, 2023 by guest. P

rotected by
http://pm

j.bm
j.com

/
P

ostgrad M
ed J: first published as 10.1136/pgm

j.20.218.17 on 1 January 1944. D
ow

nloaded from
 

http://pmj.bmj.com/


It must be added that no close correlation is found between the strength of anti-Rh agglu-
tinins in the mother's serum and the severity of haemolytic disease in-the infant. Sometimes
only weak anti-Rh agglutinins are found, although the infant is affected with hydrops foetalis
and is born dead.

3. Haemolytic reactions of varying severity after sensitisation to the Rh Agglutinogen
during pregnancy.

Haemolytic transfusion reactions due to the sensitisation of a woman to the Rh agglutin-
ogen during pregnancy are liable to be more severe than reactions caused by the development
of anti-Rh agglutinins after repeated transfusion. This is partly because in the latter case
some warning is usually given by the increasingly unfavourable response to transfusion so that
further transfusions of Rh positive blood are withheld, whereas in the case of a woman immunised
by pregnancy there is only the warning of the diseased foetus, and if the latter is still in utero
there may be no warning at all. The following case serves to illustrate this latter point.

CASE 5 (from Mollison, I943a).-Mrs. X. First two pregnancies normal. The third
pregnancy ended in a miscarriage. The fourth pregnancy resulted in the birth of an

* apparently normal child, which later became very anaemic. The fifth pregnancy pro-
ceeded normally, but bleeding, due to placenta praevia, developed when the patient went into
labour. A transfusion was given, and was followed by a rigor. A very pale dead infant
was delivered. On the following day the patient became jaundiced and passed very little
urine. Investigations carried out five days after transfusion showed that the patient was
group A Rh negative, and that her serum 'contained anti-Rh agglutinins. Her husband
was found to be group B Rh positive, and the donor group O Rh positive. No group O
blood was found to be surviving in the circulation. Ten days after the first transfusion,
group O Rh negative blood was transfused with a satisfactoryresult: tests showed that these
erythrocytes survived normally in the recipient's circulation. Although at the time of
transfusion it was not known that the foetus in utero was diseased, enquiry would have
shown that the previous infant manifested the typical picture of congenital anaemia of the
newborn.
Fatalities caused by the transfusion of Rh positive blood to women immunised by pregnancy

have been described by Wiener (I94I), Burnham(i94I), Boorman, Dodd and Mollison (I942),
and others. On the other.hand, the reactions may be extremely mild as in the following case:

CASE 6.-This patient has already been referred to above (case 4): as has been stated,
her serum contained weak anti-Rh agglutinins. After her delivery she bled profusely, due
to a retained placenta and required massive transfusion. Only a small quantity of Rh
negative blood was available, and some 4,000 c.c. of Rh positive blood was given during
a period of several hours whilst the patient continued to bleed. Eventually the placenta
was delivered and the patient recovered rapidly. During the following week a rapid
elimination of the donor erythrocytes was observed, although this process was not complete
until 12 days after transfusion (this is approximately nine times the normal rate of elimin-
ation of transfused erythrocytes). From the clinical point of view the only sign of this
destruction was the rapidly increasing pallor during the week following transfusion.

Iso-immunisation to sub-groups of Rh and to Agglutinogens other than Rh
It is generally agreed that not all mothers of infants affected with haemolytic disease

are Rh negative (Levine et al) (I941); Wiener (I942); Boorman et al (1942); Race et al (I943).
At first it appeared that when a mother was found to be Rh positive it could be assumed that she
could not have become imnmunised to the Rh agglutinogen. However, it has since become
apparent that many sub-groups of Rh exist, and that a woman whose erythrocytes contain one
of the Rh agglutinogens, and who is therefore classified as Rh positive, may form "anti-Rh
agglutinins" against another type of Rh agglutinogen.

Wiener (1943) describes two main sub-groups of Rh, namely, Rh1 and Rh2. Most human
anti-Rh sera react with both sub-groups Rhl and Rh2, but occasional human anti-Rh sera (anti-
Rhl) only react with Rhl bloods (that is, approximately 70 per cent of the 85 per cent total of
Rh positive bloods). Wiener has also described an anti-Rh2 agglutinin reacting with approxi-
mately 35 per cent of bloods. Boorman, Dodd and Mollison (I943) obtained a serum which
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was almost certainly identical with Wiener's anti-Rh2, from an Rh positive woman whose infant
was affected with haemolytic disease of the newborn. From another Rh positive woman, who
also had given birth to an infant affected with haemolytic disease of the newborn, Race and
Taylor (I943) obtained a serum containing agglutinins of vet a different kind. This serum
reacted with all Rh negative bloods and with a large proportion of Rh positive bloods. The
relationship of the many different sub-groups of Rh has been discussed by Wiener (I943), and
by Race, Taylor, Boorman and Dodd (I943).

The question must also be considered whether the immunisation of a woman to the A or
B aggultinogens during pregnancy is ever responsible for causing haemolytic disease of the foetus.
Dienst (I905) first showed that immune responses to the A and B agglutinogens might occur in
recently delivered women. Boorman, Dodd and Mollison (I943) have observed that in at
least half the cases in which a woman's serum contains anti-A or anti-B agglutinins, and her
infant's erythrocytes contain the corresponding A or B agglutinogens, an immune response
follows delivery.

Since incompatibility of the mother's serum with the infant's erythrocytes, due to the
presence of anti-A or anti-B agglutinins in the former, occurs in approximately i in 5 of all
pregnancies, it seems at first sight that this incompatibility is unlikely to be related to disease
in the foetus. However, in two families out of a series of a ioo in which haemolytic disease of the
foetus occurred, Boorman, Dodd and Mollison (i943) consider that the destruction of the foetal
erythrocytes was caused by immune anti-A or anti-B agglutinins (anti-Rh agglutinins were
thought to be responsible in the remaining 98 cases). Their reasons for this conclusion are,
firstly, that in these two cases no atypical agglutinins, other than immune anti-A or anti-B
agglutinins, could be demonstrated in the mother's serum, whereas in the cases in which the
mother was Rh negative anti-Rh agglutinins were demonstrated in 93 out of 97 cases, and
secondly, the immune anti-A or anti-B agglutinins in these two cases were exceptionally potent.

Tests for Rh Agglutinogens and Anti-Rh Agglutinins
The fact that anti-Rh agglutinins in human sera passed unnoticed for so many years is

undoubtedly largely due to the poor reactions which these agglutinins give in vitro. It must be
emphasised that when a potent human anti-Rh serum is mixed on a slide with a suspension of
Rh positive erythrocytes and observed for a period of, say, 15 minutes, no reaction of any kind
develops. The mixture of serum and cell suspension must be left in a test-tube for approxi-
mately two hours before being examined. Furthermore, the tube must be kept at 37° C. during
this period, since almost all anti-Rh sera are more active at this temperature than at room
temperature. When the tube is examined at the end of the period of incubation, all the red
cells will have settled to the bottom of the tube; a portion of this sediment must be gently
withdrawn with a Pasteur pipette, gently transferred to a glass slide, and then be examined for
the presence of agglutinates under a microscope. Due to gentle handling of the sediment, free
cells sometimes form "drifts" and "nests," appearances which may be mistaken for agglutination
until experience has been acquired.

Although emphasis has been placed upon the weakness of some of the reactions and the
care that must be taken to avoid breaking up the agglutinates, the perspective must be restored
by pointing out that some anti-Rh sera are encountered which give really strong reactions
in vitro.

Although the use of the technique described above will almost always serve to detect any
incompatibility between the donor's erythrocytes and the recipient's serum, due to the presence
of anti-Rh agglutinins in the latter, more extensive tests are necessary for the proper identifi-
cation of anti-Rh agglutinins and of Rh positive and Rh negative erythrocytes, and in the present
state of knowledge there can be no question that this branch of serology is better left to specialists.
In explanation of this contention it will be sufficient to repeat that "Rh" is no more than a
convenient term for a group of antigens whose analysis is still by no means complete, and that,
as mentioned above, a person may be "Rh positive" with one anti-Rh serum, and yet may form
"anti-Rh" agglutinins against another sub-division of the Rh group of agglutinogens.
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B. THE APPLICATION OF KNOWN FACTS ABOUT THE RH AGGLUTINOGEN

Blood Transfusion
1. Prevention of sensitisation of Rh negative recipients.

Evidently the sensitisation of Rh negative persons by Rh positive transfusions could be
avoided by testing the Rh group of all recipients and then finding Rh negative donors for the
Rh negative recipients. However, as far as males are concerned, this is hardly necessary unless
it is anticipated that the recipient is likely to require a series of transfusions. In the latter case,
the recipient should certainly be tested whenever possible; obvious, examples are patients with
aplastic anaemia or haemophilia. In the case of battle casualties with septic wounds, for instance,
who may require many transfusions, experience so far gained suggests that repeated transfusions
oyer a perigd of, say, three weeks are most unlikely to lead to trouble, whereas a few transfusions
spread over a period of many months may well'do so. Exceptions to this rule seem most likely
to be provided by patients with some variety of haemolytic anaemia,who appear to be particularly
liable to form immune iso-agglutinins.

The case of female recipients is very different from that of males. Whereas with males,
once the recipient has become sensitised to the Rh agglutinogen, Rh negative blood can be
chosen if a further transfusion is required, in the case of women, subsequent pregnancies have
to be .considered. By transfusing an Rh negative woman with Rh positive blood one may
sensitise her to the Rh agglutinogen so that if she later becomes pregnant with an Rh positive
foetus the chances of, her producing anti-Rh agglutinins are increased and she may give birth
to a dead child instead of a live one. That this is not mere hypothesis is illustrated by cases
reported by Diamond (I942). Unfortunately, until facilities for making Rh tests have been
increased, this risk will often have to be taken.

2. Clinical diagnosis of sensitised recipients.
The person who has become sensitised to the Rh agglutinogen as a result of repeated trans-

fusions can often be detected before a seripus haemolytic transfusion reaction develops. Charac-
teristically the reactions become steadily more severe as antibody production increases. At
first there is 'inapparent haemolysis"-the haemoglobin rises after transfusion, but falls again
within a few days. In these cases serial estimations of the serum bilirubin concentration are
likely to show a temporary increase. After further transfusions the reactions become more
severe, and 'jaundice may be noted. Usually by this time suspicion has been aroused, and
serological. investigation will reveal the true state of affairs: If the warning is ignored and
still further transfusions are given, without reference to Rh tests, a fatal haemolytic reaction
may follow..

Women who have, become sensitised to the Rh agglutinogen as a result of pregnancy must
be..detected in a different way. Here the warning must, be obtained from the previous obstetric
history or from the state of the -foetlis. It has now been made abundantly clear that the infant
affected with haemolytic disease may present widely varying signs. The pictures of hydrops
foetalis, icterus gravis neonatorum and congenital anaemia of the newborn are well known,
but it is not so generally recognised that the affected foetus may be stillborn, often prematurely
and present no outward signs of disease. Clearly, then, only Rh negative blood of suitable
ABO group should be transfused to a mother when her infant is stillborn, oedematous, jaundiced,
or anaemic, unless tests have shown that she is Rh positive.
3. Compatibility tests.

It has been stated above that testing for Rh agglutinogens and anti-Rh agglutinins is at
present a job for a specialist. Usually, therefore, it will be safer to obtain Rh negative blood
from a blood transfusion centre or from a panel of specially tested donors. Nevertheless,
wherever possible a compatibility test should be carried out with this blood using the technique
described above, of which the essentials are:

(a) use of a weak suspension (say I per cent to 2 per cent) of donor's blood in iso-tonic
sodium citrate or saline;

(b) addition of one small volume (say o * to o 2 c.c.) of this suspension to an equal volume
of the recipient's serum in a small test-tube (diameter I cm. or less);
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(c) incubation at 37C.' for not less than 2 hours;'
(d) gentle transfer of red cell sediment to a glass slide for examination under the microscope.

4. Transfusion of infants affected with haemolytic disease.
Levine and his:co-workers (194I) first reported that infants affected with haemolytic disease

of the newborn showed a better response to transfusions of Rh'negative blood than Rh positivb
blood. It has since been demonstrated '(Mollison, 1I943b) that Rh positive' erythrocytes are
usually rapidly eliminated from the circulation of an affdcted infant, in extreme cases within
two days of transfusion, whereas Rh negative erythrocytes'are'ndt usunlly completely eliminated
for at least 9g days after transfusion.' * 8

From the clinical point of view the results of treating affected infant 'With transfusions of
Rh negative blood are very striking (Gimson, I943). Personal experience of this method df
treatment convinces one that early and adequate transfusion ofRh iegative blood may inmensely
improve the prognosis in severe cases. Once 'the diagnosis 6fo hhaei'olytic' digease has been
.made, it seems worth giving at least:Io c.c. of group O Rh negatii bdd-l, whatever the infaht'
haemoglobin value may bel. In the face of definite anaemia,tiuanttities up'tWio c.c. mtay safely
:be given.' The drip.method of transfisiorn, iugng'a small danwMunla'tieditto th-e,in-trrnal: aphenods
vein at'the ankle, has been found most satisfactory.. -As ~ 'omipatibility test it has been recom-
mended that' the donor's erythrocytes should be:tested' agatit': thet'iother's serum (Mollison,
I943b). Alternatively., if the mother's erythrocyte;,>washed' free from plasma, are used 'fo
transfusion, no compatibility test is necessary (Lloyd, I943; Wiener and Wexler, I943),, '

- Application of- Rh tests in the diagfiosis ofhaiemoiyti. disease of the foetus.

From what ha,s already been said it is-evident that in a,suspectd case of haemolyticdisese
of the foetus it will not -be-sufficient :to show. that :the mother is h .negative and the infant Rh
positive, :sincq t)iis combinati9n occur.s in I in o10 of' all pregnancies, and therefore may well
be due to chance. The,demonstration, in addition, of anti-Rh agglutinins in the piother's
serum is of far greater significance, and in fact will almost always mean that the infant is taffected.
The most favourable time of examination of the mother's serum is. seven to twenty-one days
after delivery, since the immune response usually reaches its peak at this time (Boorman, Dodd
and Mollison, 1942).

'Although the finding that the mother is Rh positive makes the diagnosis less probable, it
by no means excludes it. However, if it can be shown that the mother's serum contains no
atypical agglutinins (active at 37° C.) and no exceptionally potent anti-A or anti-B agglutinins,
the diagnosis then becomes exceedingly improbable.

·The application of Rh tests is particularly valuable in at least two types of case, namely,
unexplained stillbirths and cases of jaundice in the newborn.

Unexplained stillbirths.
When a woman has given birth to one or more stillborn foetuses, it is well worth making

serological tests to discover. whether she has become immunised to the Rh agglutinogen. In
quite an appreciable proportion of cases (it may well be io per cent) in which the foetus is still-
born after the twenty-eighth week of pregnancy, it will be found that there is a serological
cause. The importance of making this diagnosis is considerable, since the patient can then be
spared the trouble and expense of useless treatment and a more accurate (if gloomy) prog-
nosis can be given. Miscarriages (before the twenth-eighth week of pregnancy has been
reached) seem very seldom to be caused by iso-immunisation (Boorman, Dodd and Mollison, 1943).
Icterus neonatorum.

It may at ,times be difficult to decide from a clinical point of view during the first few days
of life whether a given infant is affected with haemolytic disease' of the newborn or simply with
"physiological jaundice of the newborn." As is well known, in.some cases of haemolytic disease
of the newborn the haemoglobin value may be well maintained for the fi'st few. days of life,
although it subsequently falls to a low level. During this initial period serological tests will
often make it clear whether the infant is affected, and treatment may then be started without
delay.
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The application of Rh tests during pregnancy
In some ante-natal clinics in this country (for example, St. Helier Hospital, Surrey County

Council) Rh tests are being made as a routine on all patients. This has at least two advantages
from the patient's point of view (not to mention the opportunities that it provides for research).
Firstly, Rh negative women can be detected and a special note made on their history sheet to
the effect that they must never be transfused except with Rh negative blood of suitable ABO
group. (They can, of course, receive plasma or serum transfusions without any preliminary
tests.) Secondly, the sera of these Rh negative women can be tested on one or more occasions
during the last few months of pregnancy so that those who have formed anti-Rh agglutinins
can be detected. Arrangements can then be made to admit these women to hospital for their
delivery, and preparations made to transfuse the infant soon after birth if this should prove
necessary.

When anti-Rh agglutinins are found in a woman's serum during pregnancy, it will be profit-
able to titrate the serum at intervals to discover whether or not the titre of the agglutinins is
increasing. A rise in titre will probably always mean that the infant in ute&o is Rh positive,
and is therefore almost certain to be affected. A steady titre, on the other hand, does not by
any means necessarily indicate that the infant in utero is Rh negative (i.e. that the anti-Rh
agglutinins were formed in a previous pregnancy). Several cases have been seen in which the
titre of anti-Rh agglutinins remained steady during the last few months of pregnancy, be
nevertheless the foetus, when born, proved to be Rh positive and affected (Boorman, Dodd and
Mollison, 1943).

The. application of Rh tests in prognosis
In the usual case of haemolytic disease of the foetus in which the mother is Rh negative

and the affected infant Rh positive, the fate of any subsequent siblings in the family depends
upon whether the father is heterozygous (Rkrh) or homozygous (RhRh), for only if he is heterozy-
gous is there any chance of the birth of an Rh negative (unaffected) sibling. In practice,
families in which the birth of an affected foetus is followed by the birth of a normal infant are
uncommon (Race, et a; Boorman, et al, I943). However, some assistance in forming a prognosis
may be obtained in two ways.

(i) Any previous siblings are tested. If there is an Rh negative child amongst them, the
father is clearly heterozygous.

(ii) The father's Rh subgroup may be determined. By the use of appropriate sera it will
often be possible to determine whether or not he is heterozygous (Rhrh) (Race and
Taylor).

SUMMARY

I. Although in most cases (say, 95 per cent) of haemolytic disease of the newborn, the
mother is Rh negative, in other genuine cases (say 5 per cent) the mother is Rh positive and
has become immunised to some red cell antigen other than the typical Rh agglutinogen. The
finding that the mother is Rh positive, therefore, by no means excludes the diagnosis. The
other antigens most commonly responsible appear to be variants of Rh and the agglutinogens
A and B.

2. To support the diagnosis of haemolytic disease of the newborn it is not sufficient to
show that the mother is Rh negative; it must also be demonstrated that her serum contains
anti-Rh agglutinins (although failure to demonstrate such agglutinins does not exclude the
diagnosis). When the mother is Rh positive, immune agglutinins other than anti-Rh must be
sought in her serum.

3. Serological tests are of most value in:-

(a) cases of jaundice of the newborn, in deciding between the diagnosis of "physiological
jaundice" and "icterus gravis neonatorum."

(b) Cases of stillbirth to decide whether the foetal death can be attributed to haemolytic
disease.

(c) Cases of haemolytic transfusion reaction in which the cause of the reaction is in doubt.

4. Most of the serious haemolytic transfusion reactions caused by the development in the
recipient's serum of anti-Rh agglutinins occur in recently delivered women. Obstetricians
must, therefore, always have this possibility in mind and must never use blood of unknown
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Rh group when there is a possibility that the infant may be affected with some form of haemo-
lytic disease of the foetus.

5. The early and adequate transfusion (with group 0 Rh negative blood) of infants affected
with haemolytic disease of the newborn produces most encouraging results. It is desirable to
test the donor's erythrocytes against the mother's serum before transfusion.

REFERENCES
BOORMAN, K. E., DODD, B. E., and MOLLISON, P. L. (1942), Brit. Me4. J., 2, 535 and 569. (I943) a, b: to be published.
BURNHAM, L. (z94x) Amer. J. Obstet. Gynec, 42, 389.
DACIE, J. V., and MOLLISON, P. L. (I943), Lancet, 1, 550.
DIAMOND, L. K. (I942), New Eng. J. Med.
DIENST, A. (1905), Z)l. GynaSk., 29, 353 and 651.
GIMSON, J. (I943), Brit. Med. J., 2, 293.
JAVERT, C. T. (I942), Surg. Gynec. Obstet., 74, i.
LEVINE, P., BURNHAM, L., KATZIN, E. M., and VOGEL, P. (194I), 4m. J. Obstet. Gynec., 42, 925.
LLOYD, T. W. (1943), Brit. Med. J., 1, 132.
MOLLISON, P. L. (I943a), Proc. Roy. Soc. Med., 36, 221.
--( 943b), Arch. Dis. Child, In press.
RACE, R. ., and TAYLOR, G. L. (I943), Nature, 152, 300.

, , CAPPELL, D. F., and McFA'RLANE, M. N. (1943), Brit. Med. J., 2, 289.
, BOORMAN K. E., and DODD B. E. (I943) Nature, 152, 563.

VOGEL, P., ROSENTHAL, N., and LEVINE, P. (1942), Amer. J. Clin. Path.
WIENER, A. S. (1942), Arch. Path., 32, 227.
-({942), ^mer. J. Cm. Path., 2, 302.

(943) Science 9, I82.
- and ETERS H. R. (t94o), Anm. Int. Med., 13, 2306.
-- and WEXLER, I. B. (I943), Amer. J. Clin. Path., 13, 393.

THE MEDICO-LEGAL IMPORTANCE OF THE BLOOD GROUPS

By G. ROCHE LYNCH, O.B.E., M.B., B.S., D.P.H., F.R.I.C.
(Director of Dept. and Led. Chem. Pakth., St. Mary's Hospital, London; Lect. in Forensic Medicine

and Toxicology, St. Mary's and Westminster Hospitals, London; Senior Official Analyst,
Home Oice)
The medico-legal importance of the agglutinogen factors of the red blood corpuscles desig-

nated A and B (0 indicating absence pf these factors), and the agglutinin factors of the serum
designated a and b may be divided into two headings.

i. The determination of the presence of one or both of these factors in blood, in secretions
and in excretions.

2. The utilisation of these agglutinogen factors together with the agglutinogen factors,
M and N, in the determination of non-patemrnity.

Blood Stains
The essence of the examination is to establish the group of the stain upon important

exhibits and to compare the result with the group of the blood of the victim, obtained either
from post-mortem blood or from articles known to have been stained with the victim's blood, e.g.
clothing, or, if alive, from samples of his blood. If permission is granted, and it is usually not
granted, a comparison is made with the blood from the accused person. Thus, to quote an
example, if the blood upon certain exhibits belongs to group A and the injured person is group A,
then the blood upon the exhibits could have come from him, but of course could have come
from any other person of group A. The importance of the findings depends greatly upon the
evidence available regarding the significance of the exhibits.

If the accused's blood is available for test and is of group B for example, then an explanation
as to how articles amongst the exhibits belonging to the accused, e.g. knife or clothing, are
stained with blood of group A is a matter for the court.

The accused is in a dilemma, if asked to give his blood for test; the result may be greatly in
the accused's favour if his group is the same as the injured man's, but if different the result
will tell against him.

.It is not possible to obtain a specimen of blood without consent, for no, accused person
need in law provide evidence which may be used against him, but I have known cases where
articles known to have been stained with material from the prisoner have been seized by the
police, examined, and the results given in evidence.
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