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PREFACE

I 1932 Professor Oluf Thomsen published a book entitled
Human Blood Groups and their Medico-legal Significance
elucidating the problems at issue then. The wide increase
in the practical application of blood group determinations
since then has given rise to many new problems, and the
non-specialist who wishes to study this question today has
had but little opportunity to do so.

It is to fill this gap that this book is being submitted.
It is meant to be useful to physicians, lawyers and others
who might be interested in these matters. The material is
presented in a way which does not require much insight
into biology on the part of the reader. In the first chapters
I have, therefore, omitted the complicated questions, which
are not dealt with until later, when the reader has been
made familiar with the biological questions of importance
in this connection.

The most complicated problems have been reserved for
the last chapter The Accuracy of Blood Group Determina-
tions, although it would have been more natural to treat
some of the questions at an earlier juncture. It is true that
this last chapter is not quite so easy to comprehend as
the others, but even so I hope that it will prove useful to
others than serologists. It describes the way in which the
medico-legal expert must set up the problems and criticize
every link in his investigations in order thereby not only
to obtain the best possible results, but also to realize their
limitations. I have tried to include all the rules and pro-
visions which in Denmark apply to blood group determina-
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vi THE HUMAN BLOOD GROUPS

tion and have illustrated their practical application by means
of examples, particularly by mentioning a number of judg-
ments in disputed paternity cases.

I have restricted myself to dealing only with judicial
practice in Denmark, but the medico-legal considerations
proper are not dependent on the laws of the individual
countries. Only their practical application depends on such
laws.

I take the opportunity to thank Professor Louis le Maire,
LL.D., and Hans Topsge-Jensen, Judge of the Town Court
in Copenhagen, who kindly perused the manuscript and
who supplied many valuable suggestions in judicial matters.

P.H.A.
Copenbagen, Denmark



CONTENTS

PREFACE . . o ittt ittt ittt ianeansennaneanans

CHAPTER
I. INTRODUCTION . + v ¢ vtvveansannnneannonnnnnnns

II. GENERAL DEscripTiON OF THE BLoop Group
PROPERTIES .« & ¢ tiiie ittt it e eeeaeaeannnenn

The A-B-O System . .......couiiiiinennnean.
Isoagglutinins . . . ... ... .. i
Heteroagglatining : : « sxcsnssssnssssassnass

The M-N SysSteIm . o v vvveveeeianeanenann
The PSystem . .. coviviienminercronaensasnes
The Rh System » : ssssxsssismsaninsonioroninas

The Extension of the A-B-O System Due to the
Subdivision of Group A .................

I11. Tue Herepiry oF THE Broop Grours IN BRIEF
(10 1 ) 5.0 o\

IV. Mepico-LecaL UriLizatioN oF THE BLoop Groups
IN D1sPUTED PATERNITY CASES . . . . .vovvninnnnn..
The M-IN SYSEEMY ¢ 5 sivwswsis s ren 5 sima oo 505 505 wros

The A-B-QO SyStefll « «» suesuevsnmasssvsassssn

The AjA, System . .. ..oviiiiiiiiiiiiiennn..

The P SYsten «. i o aess e mew ssonsiosios s miss e s
“Secretors” and “Non-secretors” ............

The Rh System ... ....oooiiiiiiiiiniin ...

Rh (D) and hr(d) ... .

th'(C) and BE(C) ¢ creovscssniesinsessmesss
rth”"(E) and hr"(e) .........ccoviivinnnn,

V. THe PracricaL ArpricaTioN oF Broop Group DE-
TERMINATION IN Dispurep PATErRNITY CASES IN
DENMARK &« & . ittt ittt et at et aeenenennns

6
6
6
14
16
17
17

19

21

33
40
43
47
52
54
55
59
61
62

69



viil THE HUMAN BLOOD GROUPS

CHAPTER PAGE
Explanatory Notes for Use in Evaluating the
Result of Blood Group Determination. .. ... 75
The A-B-QO SYStEM : « o «ssemswussvvusassssis 77
The A A, SYSUEM .« wx v sie e eimvs wwisioims s 78
The M-N System . . . ....coiiiiiiirennennn. 79
Remarks . o s oo wswvmsimil s s ed s oas s ws e 80
The A-B-O System . . . covvviiiinieinnnnennn. 81
Thie AyAy BYSOCILe s o o s o i 5005 ol 37T 82
The M-N SYStem = « & s.smvsvss o6 ossnsessasmsss 85
VI. OrHErR MEeDICO-LEGAL ASPECTS OF THE BLOOD
KEEROUIPSYE 5y o: ssopomane anorsaty arosmsana: arvgrl B8 gVl VAL penishf8 s o 91
Tdentification i = .. 56 s & finnsom s S 50 S Rz € » 91
Determination 'of Staing «cccomesoeisonimsesins 91
Bloo@ SEAINS o v w v comenasimmsmisiscivssins 95
Semen Stains and Saliva Stains ................. 98
VII. TaE ReLaBILITY OF BLooD GROUP DETERMINATIONS
ConsierING EacH GROUP SEPARATELY .. ......... 101
The Blood Groups of the A-B-O System ....... 102
Receptor B s o sovsasnsianissswinsss o sensis 102
RECEPLOT A v 0106 5 510 50 hadn o 210 6o i @ 55wk o wiw 103
Receptors A; and A, ..., 103
RECEPLOr Ay s 5 & w5 msism s 5560 505 5w 15575 waroors o8 105
Receptors Ay and Ay ccseinonssssssssssecss 106
ReBePtor O v v o v v awein wio wis oo 80als Sals bud & arity 107
The Receptors of the M-N System ............ 108
Receptor M . .« sscessconsosmuis s s oo 108
Receptor N . .. ooiiiiiiiiiii i, 108
Receptor Wy s« o 50600 5055.05.5.5 0 64wt iiars siae o 109
Types M, N, MN,and MN, ...........c..... 110
The Lewis System . . v vovviiiinineennnennnnnn 111
RECEPEIT ‘B 5 51 5. o cv.s. wsiims o3 Tmbem 5.7 BpiFoes 112
Receptor Rl . v o conevsmmsesmuivinmsssassoss 113

INDEX OF SPECIAL TERMS. .\t vt it et ieeeeeeeeeeeeann 115



The %man Llood ¢toapd






INTRODUCTION

Ix 1900 Karl Landsteiner published the results of some
investigations which immediately showed why it had been
so dangerous up to then to transfer blood from one human
being to another. Landsteiner found that clumping would
often occur if blood from one person was mixed with that
of another.

True, this phenomenon had been observed previously,
but it had been interpreted as a sign of disease. Landsteiner
showed that this reaction was due to completely normal
properties in the cells and serum of the blood. He arrived
at this result after systematic studies during which he
obtained blood samples from 22 subjects and mixed the
red cells of each sample with the serum of each of the
others. In some cases the blood cells clumped, whereas
in others they did not. On the basis of his results, he was
able to classify the 22 subjects into three groups.

Within each group, blood cells and serum from dif-
ferent subjects could be mixed without any clumping of
the blood cells. Moreover, the blood cells of one of these
groups did not clump when mixed with the serum from
any of the other groups; in other words, they were unable
to clump. On the other hand, the blood cells from the
other two groups clumped when mixed with serum from
a different group.

Thanks to a new science, serology, which had de-
veloped in connection with the great advances made in
bacteriology in the course of the last two decades of
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4 THE HUMAN BLOOD GROUPS

the 19th century, Landsteiner was in a position not only
to report these experiments, but also to explain the phe-
nomenon. A large number of new facts regarding the
blood serum had been learnt, and several substances (anti-
bodies) with strikingly specific effects had been discovered.

Landsteiner’s explanation was quite simple. He assumed
that the blood cells had two properties, called A and B,
the former being present in some individuals and the latter
in others, whereas in others again both properties were
absent. Corresponding to these properties (receptors) in
the cells, two different substances (agglutinins) were pres-
ent in the serum; the latter were capable of reacting with
the receptors and thereby clumping (agglutinating) the
blood cells. These agglutinins were called o (Anti-A) and
p (Anti-B), and of course the blood serum of an individual
did not contain the antibody directed against his own
blood cells.

Landsteiner set up three blood groups, but his associates
soon found a fourth group in which the blood cells con-
tained both receptors (A and B). Consequently, the serum
in this group did not contain any agglutinin.

On this basis, blood group research has developed into
an independent branch of serology.

Until his death in 1943, Landsteiner remained the lead-
ing personality within this field of research, and in 1930
he was awarded the Nobel Prize, mainly for his discoveries
in the science of blood grouping.

In the course of time a considerable number of new
properties have been found to be inherent in the blood
groups. In the first place, the A-B-O system was extended,
since the group called A by Landsteiner was found to be
no entity, but made up of several subgroups, A,, A,, etc.
In addition, other independent systems of blood groups
have been recognized including the M-N and the Rh
system.
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The first practical application of Landsteiner’s scheme
of blood groups was in blood transfusion. It was now
possible to transfer blood from an individual of a given
blood group to another individual of the same group and
thus avoid the dangerous reactions which previously had
prevented the employment of this frequently vital treat-
ment.

The blood groups acquired increased importance after
it had been demonstrated that they were subject to simple
Mendelian inheritance. If the blood groups of a mother
and her child were known, it was easy to figure out those
blood group properties which the father of the child must
possess. The next step was, quite naturally, the introduc-
tion of blood group determinations in disputed paternity
cases, since it had to be presumed that non-paternity could
be established, if the blood group of the alleged father did
not conform to the expectations. This aspect of medico-
legal blood grouping has become widely used, and in prac-
tice it presents numerous problems with which this volume
is mainly concerned.

Medico-legal blood grouping, however, extends beyond
disputed paternity cases. The most obvious use is in the
study of blood stains, but the method has been extended
yet further afield, as the blood receptors have proved to be
present not only in the blood cells, but also in other cells
of the body and especially in its secretions. These receptors
are present in particularly large quantities in the saliva,
gastric juice, and semen, and in numerous cases their demon-
stration is of the utmost medico-legal importance.

At this stage it is not out of place to emphasize the fact
that this extension of the blood group properties does not
apply universally, as in some individuals the receptors are
confined to the blood cells. This peculiar phenomenon is
conditioned by inherited factors, so that even this may
play a certain réle in disputed paternity cases.
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GENERAL DESCRIPTION OF THE BLOOD
GROUP PROPERTIES

The A-B-O System

Isoagglutz'nim

Lanpstever’s original A-B-O system occupies an excep-
tional position within blood groups, since receptors as well
as the corresponding agglutinins are normal components
of the blood. Agglutinins, which thus form part of human
blood serum, are called isoagglutinins. The system com-
prises four groups, the properties of which are set out in
tabular form below (Table I).

TaeLe 1
THE ProperTIES OF THE ORIGINAL A-B-O SystEM

Properties

Blood By Agglutinins Incidence
Group Anti Anti in%
A B A B
o = ~ + + vy
s + - - + 44
B = + + - 10
AB + =+ = - 4

The incidence of the various groups, given in Table I,
is true of the Danish population. The findings have been

[6]



GENERAL DESCRIPTION OF PROPERTIES 7

rather similar in most European countries and among the
white population of North America, but considerable
variations have been found within the various races, and
blood group determination has, consequently, become a
factor of great importance in anthropological investigations.
The author does not propose to deal with this aspect of the
matter, but will merely illustrate the striking racial varia-
tion of the frequency of the individual blood groups
(Table II).

TasLe 11
PercENTAGE INCIDENCE oF THE Broop Groups 1N CeErTAIN Races
(@] A B AB
Indians 100 0 0 0
Gipsies 28 27 35 10
Eskimos 24 56 11 9

In principle, the demonstration of these groups is a
very simple matter which may be illustrated by imagining
the presence of two subjects belonging to Group A and
Group B respectively.

From both subjects a suitable amount of blood is ob-
tained and allowed to stand until it coagulates. Some time
later, the coagulated blood will divide into two compon-
ents, a yellow fluid (serumz) and a firmer mass (the coag-
ulum), made up of the blood cells and the protein (fibrin)
which has stiffened in the process of coagulation.

The serum may be separated from the coagulum by
centrifuging. Serum from the Group A individual will
contain Anti-B agglutinin, whereas serum from the Group
B individual contains Anti-A agglutinin. The reagents for
the subsequent blood group determination have then been
prepared.

Shaking of the coagula with physiological saline solu-
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tion (0.9 per cent) results in a suspension of red blood
cells of Group A and Group B respectively which may
also be used for grouping tests. The blood group of an
individual may then be determined according to the A-B-O
system by two methods.

In the first method the blood cells of the subject in
question are studied by means of testing sera: .

(1) Serum containing Anti-A agglutinin (from an indi-
vidual of Group B).

(2) Serum containing Anti-B agglutinin (from an indi-
vidual of Group A).

In the second method the serum of the subject in ques-
tion is studied by means of testing blood cells:

(1) A suspension of red blood cells of Group A.
(2) A suspension of red blood cells of Group B.

The procedure is as follows: A blood sample is ob-
tained from the subject. After coagulation has taken place,
the serum is separated from the blood cells and a suspension
of the red cells is made.

In the first method, which is most commonly used, the
suspension of unknown red blood cells is observed for
signs of agglutination when they are mixed with the testing
sera.

In practice, this process may be watched in several
ways, most simply and most commonly, however, by the
slide method: One drop of Anti-A testing serum and one
drop of Anti-B testing serum are transferred to a glass slide
(if microscopic examination is desired, to a so-called object-
glass). To each drop is then added a drop of the suspension
of unknown blood cells. Within five minutes agglutination
will take place in one or both drops, provided that the
unknown blood cells possess one or both receptors. Fig-
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ure 1, which is a photograph of such a reaction, shows that
the reaction is absolutely unmiistakable and easy to observe.
The blood group can be read from Table IIL.

I I 111 v

Figure 1. Photograph of agglutination reaction obtained by the slide
method with known testing sera.

First row: Ant-B agglutinin.
Second row: Anrti-A agglutinin,

I. Reactions with blood cells from an individual of Group O
II. Reactions with blood cells from an individual of Group A
[1l. Reactions with blood cells from an individual of Group B
IV. Reactions with blood cells from an individual of Group AB

Tasre 111

DetermiNation oF UNnkNowN Broop Cerrs By Means oF TESTING SErRA
witH KNown [soaceLuTiNINg

Testing sera Reactions
: -
Anti-A - -+ — +
Anti-B — - -+ +
Result, blood group O B AB

In the second method, the procedure is exactly the
same with the only exception that drops of two suspensions
of known blood cells are transferred to the glass slide and
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one drop of the unknown serum is added. The reaction

is of the same appearance, and the result may be read from
Table IV.

TasLe IV

DETERMINATION OF UNKNOWN Broop Sera By Means orF TEstinGg Broop
CerLrs or A KnowN Group

Testing Cells Reactions
Group O — - - —
Group A =+ = -+ =
Group B -+ 4 - —
Result, blood group O A B AB

In principle, the determination is very simple and easy.
Before touching upon the numerous serological problems
connected with blood group determination, however, it is
not out of place to emphasize that in cases where the re-
sults are to be employed for medico-legal purposes, the
tests place great demands on the examiner who is responsi-
ble for the grouping. It is essential that such an examiner
should be not only fully versed in serological methods and
problems, but also thoroughly experienced in this special
field and preferably familiar with the general principles of
medico-legal practice.

In fact, the blood group determination may be per-
formed solely by watching the reaction of the unknown
blood cells with testing sera or solely by watching the
reaction of the unknown serum with testing cell suspen-
sions, but in medico-legal practice both methods are used
in all cases. In this way, the methods check each other, a
principle which is widely used in forensic medicine.

In order to use these determinations for judicial pur-
poses, it is essential to be able to rely completely on the
reagents, and this is where the first difficulties are en-
countered.



