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SEROLOGICAL RELATIONSHIPS BETWEEN lEE 
Rh ANTIGENS OF THE D-DII SERIES 

INmODUCTION 

Fifty-five years have elapsed since it was first realized that human. 

erythrocytes may show inheritable intra-species differences distinguishable 

by means of appropriate serological tests. Within a short time suffic:lent 

evidence. accumulated to make possible the division of the human race into 

four distinct blood groups. Only sporadic advances teok place in the next 

four decades, but beginning with the discovery afthe Rh factors as an 

impetus, numerous htlmanblood groups have been identified. While the term 

"blood groups" is often used as a generality in.referring to the original 

A-B-O types, it is more correct to refer to "systems" of blood groups. 

Each blood group system. contains factors which are apparently serological-

ly distinct, but related genetically. In all of these systems, the only 

means for distinguishing the entities within them is by use of serological 

techniques. No chemical or physical tests of sufficient delicacr,y for ana

lyzing the differences have been devised. 

While antigenic differences are disclosed b,y serological .ethods, the 

relationships of the antigens within a blood group system are demonstrable 

almost entirely from genetioal data. As far as the gross serological 

. aspects are concerned, there is no more resemblanoe between antigens A and 

B of the classical system of human blood groups than. there is between 

pneumococcus polysaccharide and the capsular material of Friedlander's 

bacillus, but the mode of inheritance or A and B indicates their relation

ship. This introduces a complexity in interpreting the data derived from 

experimental studies of bumap erythrocyte antigens, since the evidence 

1 
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must be considered simultaneously from the serological and genetical points 

of view. The extent of our knowledge in either field is ltmited, so there 

is ample opportuni~ for eontrovers.y to arise as contrary interpretations 

and wide generalizations are derived from the same experimental obeerva

tionso 

Experiments have shown that a simple hapten with only one reactive 

group may induce the formation of a mttltiplioit,y of antibodies, which may 

in turn cross-react with a variet,y of antigens other than the one bringing 

about their formation. When an antigen is more complex and has a compara .... 

tively unknown chemical structure, as in the case of blood group 'antigens" 

the interpretation of the serological picture is exceedingly difficult. 

Part of this complexity is reflected in the usual course of events 

following the description of a new blood group 8.1stem. First, one or more 

distinct antigens are recognized b,y .means of apparently highly specific 

antibodies. Further investigation then discloses U subgroups It which are 

usually distinguished by the weak or irregular reactions given in the pres

ence of otherwise satisfactory typing serums. These variants are not sim

ply defective cells produoed b.r metabolic errors in occasional individuals, 

but are actually different antigenical1y, as shown by their hereditary 

nature 0 A~ antigen within a system may show this subt,ype phenomenon. 

Attempts to explain the nature of the differences between the "regular" 

antigen characteristic of a blood group factor and its intermediate vari

ants have been hampered b,y gaps in serological and immunological knowledge. 

Among the factors which make the data difficult to analyze are: (1) laok 

of information ooncerning what constitutes an antigen; (2) inability to 

predict how the antiboqy-forming mechanism will react when confronted with 
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an antigenic substance; and (3) poor understanding of the dynamics of 

in vitro antigen-antibody reactions. In an effort to obtain information 

aimed at clarifying matters such as these, the investigations reported 

here deal with the DU subgroup of the D antigen of the Rh-Hr blood group 

system. 

This study is divisible into three parts: (1) the determination of 

the incidence of type nU bloods in Utah; (2) the development of a classi

fication for nU bloods on a more rational basis than has been done previ

ously; and (3) the more precise definition of the similarities and dif

ferences between D ~nd the DU spectrum by means of absorption, elution 

and cross-reaction techniques. 



REVIEW OF T.HE LITERATURE 

Numerous experiments dealing with serological inter-species speci

fioi ty were conducted in the decade 1890-1900 (Ehrlich, 1910).. This 

apparently induced Landsteiner to investigate the possibility of intra

species serological differences. His first attempts involved the mixing 

of serum from one human with the erythrocytes of another and vice versa. 

Admittedly, he expected to find that agglutination or hemolysis, if they 

took place a t all, would be of a minor nature. In many of the mixtures, 

however, prompt and ver,y marked reactions took place. LandsteinerVs (1900) 

first paper concerning this effeet was only a brief description of what 

actually occurred. A year later Landsteiner (1901) was able to state that 

humans could be divided into three distinct blood groups on the basis of 

their serological activity. He assumed that this distinction was due to 

two antigens, the red cells of some individuals having one of the antigens, 

those of other persons having the second» while the erythrocytes of still 

other humans deviated by having neither antigen. It was pointed out that 

if either or both of the antigens were missing, the serum would contain 

antibodies specific for the absent oomponents. This dictum has come to 

be known as ULandsteiner t s Rule tt 
0 A fourth group was discovered by von 

Decastello and Sturli (1902). This did not disturb the two-antigen hypoth

esis since red blooq cells of the new group acted as though they contained 

both antigens previouslY described, while the serum oontained no antibodies. 

These groups are now known as 0, A, Band AB. 

von Bungern and Hirszfeld (1911) produoed evidence to show that a sys

tem of only four blood t.fpes was an oversimplification. If anti-A serums 

were absorbed by certain (not all) type .A. cells until the serwns no longer 

4 
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reacted with the absorbing blood, an antibody still remained which would 

agglutinate the majority of bloods of group A and AB. This led the.m to 

postulate the existence of two kinds of A and AB blood" The experimental 

results were confirmed b.Y Sehutze (1921), who made no attempt to explain 

them. Guthrie and Huck (1923) and Coca and Klein (1923) made similar 

observations and came to identical conelusions, ioe., the results were 

due to a third antigen and its corresponding antibody (designated cO by 

Guthrie and Huck, Xx by Coca and Kle1n)0 Both groups suggested that Land .... 

steinerBs scheme shQuld be .modified accordingly. Lattes and Cavazzuti* 

(1924) held that these subt,ype differences, sinee they were confined 

entirely to blood of A (or AB), did not represent a new group but was 

simply a manifestation of the quantity of A antigen present in the e~th-

cytes. Absorption experiments proving that the weakly reacting cells 

could remove all of the anti-A antibody from a serum appeared to substan-

tiate their belief. Observations made by Landsteiner and Witt (1926) and 

by Landsteiner and Levine (1926) were interpreted by these authors as 

indicative of qualitative differences between the A subgroups. Especially 

convincing was the finding that serums from A2 or A2B individuals often 

contained anti-~ agglutinin and more rarely, serums from Al persons might 

react with A2 cells. (LandsteinerVs paper with Levine made what is prob

ably the first .mention that anti-A2 antibodies cross-react with type 0 

cells.) Elution experiments augmented their conviction, for when anti-A 

*In the light of the present controversy conoerning Rh nomenclature, 
it is amusing to note the complaint in this article directed against 
Guthrie and Huck, who utilized lower case letters to indicate antigens and 
capitals for antibodies. They were accused of creating deplorable confu
sion since standard usage was exactly t~e reverse. 
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agglutinins were split off from A cells, two kinds of antibody were found, 

one acting on Al and A2, the other on 'J.. red cells only. 

Further subdivisions have been made with regard to A, including A3 

recognized bw Fischer and Hahn (1935) and Friedenreich (1936a), A4 b.1 

Gammelgaard and Marcussen (1940)j and A5 by Hirszfeldand Amzel (1940). 

A very peculiar A variant, Ao' was described by Grove-Rasmussen and Levine 

(1952). Erythrocytes of this subtype were agglutinated only by serums 

from type 0 persons, no reaction being obtained when the anti-A serum was 

derived from group B. Immunization of rabbi'ts with Ao resulted in the 

production of the usual anti~A serum. Antibody eluted from Ao cells ap

peared to contain large amounts of the substance acting on the component 

A common to Al and A2 cells. 

Landsteiner and Levine (1926) and Yitebsky (1948) noted transitional 

forms between Al and A2, indicating a graded series. Witebsky would re

classify into this transitional group about 60% of the bloods which have 

been typed as A2 with absorbed B commercial serumso 

The A subgroups are of so little practioal importance that they are 

generally disregarded in pretransfusion typing,? although Davidsohn (1937) 

and Wiener (1941a) felt that intragroup differences (especially if the 

recipient has previously formed A1 or A2 agglutinins) may account for the 

lack of success in inducing the expected rise in the hemoglobin level of 

the recipient, even though overt symptoms of transfusion reaction may be 

absent. Such cases, however, appear to be ver,y rare, judging from the 

paucity of reports concerning them 0 

Numerous unsuccessful attempts have been made to demonstrate subtypes 

of B by absorbing various group A serums with B erythrocytes and testing 
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the absorbed serums against other B bloods (Wiener~ 19430), When only 

human reagents were used, homogeneity in grou.p seemed to be the rule. 

If animal red cells were used for absorption of human anti-B serums, it 

appeared that t,ype B may be divisible. Friedenreich and With (1933) found 

that some human anti-B serums could be absorbed completely with small quan-

tities of rabbit eells, whereas even large amounts failed to absorb the 

antibody from others. Chicken red cells might also achieve either partial 

or complete absorption, depending on the serum, and would sometimes remove 

antibody left after rabbit absorptiono The explanation given for this phe-

• nomenon was that all human erythrocytes have a oomponent in common, Bii 

in addition, other factors, Bii' Biii, etc., can be present. Human serums 

may contain antibody against these structures in aqy combination. Rabbit 

and chicken cells appeared to possess certain of these component structures:J 

but not the same ones. Henoe, they mayor may not remove all anti-B agg1u-

tinins, depending on the quali tati ve antibody content of any given serwn. 

The M-N system of Landsteiner and Levine (1927a, 19270, 1928) has also 

been shown to contain subgroups. M variants were demonstrated by Frieden-

reich and Lauridsen (1938) and Jakobowicz, Br,yce and Simmons (1949). 

Crome (1935), Friedenreich (1936b), and Pietrusky (1940) described an N2 

subgroup. The latter group occurs very rarely; it has been found only 

eight times in 20,000 paternit,y cases (Andresen, 1941). Variations of M 

have been reported even less frequently. Wiener (1938) felt that he had 

detected five M and two N components by means of anti-M and anti-N serums 

tested against the erythro~tes of apes and various species of monkeys. 

A more recent development in connection with the M~N system was the 

description of an antiserum reacting with a previously unknown blood factor, 
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5 (Walsh and Montgomery, 1947). Detailed studies of this anti-S antibody 

by Sanger and Race (1947) made it apparent that the serum was reacting 

with an antigen associated genetically with M and N, either in close link

age or as part of a multiple allele system. Pedigree studies and statis

tical considerations have verified the findings. Levine, Kuhmichae1, 

Wigod and Koch (1951) identified still another new factor and presented 

evidence to indicate its allelomorphism with S. The logical designation, 

5, was given to this antigen. 

The MNSs series does not have antibodies corresponding to Land

steiner's Rule. As a matter of fact, M and N are notoriously poor anti

gens in man and typing serums for them are usually prepared in rabbits. 

Altogether, there have been less than thirty cases in which anti-M or 

anti-N antibody has been found in human serums (Race and Sanger, 1950). 

In most of them, the antibody seems to have been, the result of immuniza

tion. S may be somewhat more antigenic, but neither S nor s has been 

studied sufficiently to draw aqy firm conclusions. 

The P factor (Landsteiner and Levine, 1927b, 1928) was discovered 

in the same series of experiments that disclosed the M and N antigens. 

The classification of humans on the basis of this antigen is simply that 

of P-positive or P-negative, the allelomorphic antigen, p, never having 

been found. In their first mention of P, Landsteiner and Levine noted 

that there were at least two classes of P-positive blood, strongly and 

weakly reacting. The work of Henningsen (1949) indicates that P is ex

pressed as a graded series of reactions, not divisible into distinct sub

groups on the basis of strength of reaction. Using a highly sensitive 

technique, Henningsen showed that the serum of P-negative persons contains 
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anti-P with a regularity close to that of the A~B-O isoagg1utinins. 

1andsteiner and Wiener (1937) reported an antibody with anti-M char

acteristics formed in guinea pigs which had been injected with erythro

cr,rtes from Rhesus monkeys. Continued work along the same lines, aimed 

primarily at investigating inter-speoies M relationships, resulted in

stead in the discovery of a new antigen, Rh, in the Rhesus red cells 

(Landsteiner and Wiener, 1940, 1941)0 Antiserums produced in the guinea 

pig against this property were capable of agglutinating Rhesus erythro

cytes, and when absorbed free of species specific agglutinins, could clump 

the erythrocytes of about 85% of Caucasians. The antigen itself they 

termed the Rh factor. Humans whose erythrocytes were agglutinated by the 

guinea pig antiserums were called Rh-positive, the remainder, Rh-negative. 

Wiener and Peters (194o) studied the serums from three patients who had 

suffered reactions after multiple transfusions despite donor-patient com

patibility with regard to the A-B~O types. In each of them an antibody 

was found which corresponded to the Landsteiner-Wiener anti-Rhesus type. 

Additional evidence incriminating the Rh factor was that the patients were 

Rh-negative while the particular donors whose blood had caused the trans

fusion reaction were Rh=positive. This was by no means the first time that 

atypical agglutinins had been observed in patients who had received multi

ple transfusions, for Unger (1921), DeGowin and Baldridge (1934), Beter 

(1936)s Zacho (1936), and Culbertson and Ratcliffe (1936) reported such 

instances. However, the Rh factor was unique in being definitely charac

terized and named. 

In the previously-mentioned paper, Wiener and Peters suggested that 

a case described by Levine and Stetson (1939) might have its origin in Rh 
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incompatibility_ This paper described a severe reaction which took place 

on the first transfusion of A-B-Q compatible blood to a postpartum woman. 

An atypical warm agglutinin reacting with about 80% of random bloods was 

found in her serum. The authors theorized that the original stimulus to 

antibody production was a dominant hereditary factor present in the fetal 

blood, but absent from the maternal circulation. Since the patient had 

alreaqy developed antibody through pregnancy-induced sensitization, a 

serious reaction occurred when she was transfused for the first time with 

blood containing the same antigen as that of the letus. In 1940 the case 

was reviewed and the findings were as expected--the mother was Rh-negative, 

father Rh-positive, and donor of the reaction-causing blood, Rh-positive. 

A succession of investigations (Levine and Katzin, 1940; Levine, Katzin 

and Burnham, 1941) of other occurrences involving reactions to first trans

fusions of apparently compatible blood revealed some salient facts: 

(1) pregnant or recently delivered women were involved; (2) all were Rh

negative; (3) the incidence of fetal and neonatal morbidity in the infants 

of these mothers was abnormally high; and (4) when adequately done, clini

cal and pathological examination established the disease of the infants 

to be erythroblastosis fetalis. By themselves, these data were quite con

vincing, and in a short time more evidence was available to establish be

yond any question the role of the Rh factor in hemolytic disease of the 

newborn (Levine, Vogel', Katzin and Burnham, 1941; Wiener, 1942; Burnham, 

1941; Javert, 1942; Potter,Davidsohn and Crunden, 1943; Brown and Levine, 

1943). All of this vindicated the shrewd guesses of earlier 'Workers, as 

Dienst (1905) had mentioned the possibility of transplacental immunization 

from fetal blood, while Parsons, Hawksley and Gittens (1933) as well as 
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Darrow (1938) had given consideration to the fact that erythroblastosis 

was a transplacental hemolytic disease. 

The serums found in the beginning were all alike in giving approxi

mately 85% positive reactions and in having the same specificity as the 

anti-Rhesus guinea pig serums~ Others were soon described, one giving 

87% positives (Levine, Burnham9 Katzin and Vogel, 1941h another 70% 

(Wiener J 1941b) and still another only 30% posi ti ve tests (Race, Taylor, 

Boorman and Dodd, 1943; Wiener, 1943a)u* , 

At the time that the three serums, 87%, 85%, and 70%, were known, 

the situation appeared to be analagous to that of the subgroups of A, but 

it quickly became clear that the Rh types were more complicated and would 

not parallel the A subgroupso Thus, occasional bloods were encountered 

which failed to reaet with 85% serums, but were agglutinated by the 70% 

and 87% varieties (Landsteiner and Wiener~ 1941). After the discovery 

of the 30% positive serum, it was realized that each serum studied con
\ 

tained a single Rh antibody specific for one antigen with the exception 

of the 87% kind which apparently contained a,mixture of 85% and 70% 

antibodies '(Wiener, 1943a; Davidsohn and Toharsky, 1942; Levine, 1942b, 

1943b). On the basis of the various t,ypes of serums and the antigens 

disclosed by them, ~iener and co-workers proposed several systems of 

nomenclature before deciding on one Which has been maintained to the 

present time in relatively unmodified form (Wiener, 1943a, 1943b, 1943c, 

1944a, 1945a, 19460, 1950; Wiener and Sonn, 1943; Wiener, Sonn and 

Belkin, 1943; Wiener and Landsteiner, 1943; Wiener, Sonn and Polivka, 19h6). 

*To convert the various systems of nomenclature and percentage reac
tions to present terminology, see Table 1. 



% DESIGNATION 
OF SERUMS 

87 

85 

70 

30 

FISHER 

0 

D 

E 

CD 

DE 

CDE 

CE 

cde 
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Table I 

PRESENT Rh NO MENC LA TURE 

SERUMS 

PRESENT NOMENCLATURE 
FISHER WIENER 

Anti-C .;. D 

Anti-D 

Anti-C 

Anti-E 

Anti .... Rhl 

Anti-Rho 

Anti-rhl 

Anti-rhU 

ANTIGENS 

FISHER WIENER 

C rhl 

D Rho 

E rh" 

OW rhw 

DU Germanic-Rho 

Rh TYPES Rh SUBGROUP TYPES 

WIENER 

rh' 

Rho 

rhu 

Rhl 

Rh2 

Rhz 

rhy 

rh 

FISHER \JIENER 

Germanic-Rho 

Germanic-Rbl 

Germanic-Rh2 

Germanic-Rhz 
rhw 

y 
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Yet another factor was found by Levine (1941) and Levine, Burnham, 

Katzin and Vogel (1941) who realized that the new antigen and antibody 

were related to the Rh system, but acted in a fashion antithetical to 

Rh serums, agglutinating almost all Rh-negative erythrocytes and many of 

the Rh-positive ones as wello The reverse nature suggested use of the 

term Hr. The antibody in Levine's serum was weakly reacting, preventing 

him from drawing firm conclusions. A stronger serum of the same type 

found by Race and Taylor (1943) definitely established the reciprocal 

nature between Hr and Rh and showed that the reciprocity was between the 

Hr factor and the 70% Rh factor only. Fisher (1944), using this contri

bution to reason that there must be two more HI" antigens remaining to be 

discovered, proposed the CDEcde system of nomenclature to include themo 

(See Table 1.) The anti~e predicted by Fisher has been found (Mourant, 

1945) and anti-d serums have been identified by Hill and Haberman (1948) 

and Hill, Haberman, Guy and Davenport (1950), thus fulfilling Fisher's 

hypothesis. 

Before and during the developments mentioned in the preceding para

graphs, the realization had been growing that the complete stor.y of Rh 

and erythroblastosis was still not known. No Rh or other atypical anti

body could be found in the serums of about one-half of the women who gave 

birth to er,ythroblastotic infants, and in ma~ of the cases in which anti

body was found, the in yitro reaction was so weak that it hardly seemed 

conceivable that so much damage could be caused in the infant (Levine, 

1942a, 1943a; Diamond and Abelson, 1945) It If erythroblastosis were a 

syndrome having two or more causative agentsj) one of them being the Rh 

factor and the others unknown, this could be explained easily. The fact 
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that the mothers were almost invariably Rh-negative and the involved 

infants and their fathers, Rh-positive, appeared to neutralize this argu

ment. The second obvious possibility was that a kind of antibody not 

demonstrable by traditional saline tests was responsible. Wiener (1944c) 

and Race (1944) independently furnished the proof that the latter explana

tion was correot when they developed an agglutination inhibition test. 

Essentially the procedure involved incubating a saline suspension of Rh

positive cells with the unknown serum, washing the erythrocytes, and 

adding a drop of known saline-active D serum. If the reagent agglutinated 

the cells, the test was negative. Failure to secure agglutination indi

cated that something in the unknown serum had cOcmbined with the antigen 

and blocked the action of a serum that ordinarily would have produced good 

agglutination. This phenomenon led to the use of the term "blocking anti

body". The method was very insensitive, but did prove the important point 

that an antiboqy existed which was incapable of agglutinating suitable 

erythrocytes, although it could combine with the antigen they carried. 

Diamond and Abelson (1945) produced the first evidence that this blocking 

antibody could be made to act as an agglutinin. When they mixed a drop 

of whole blood (approximately 40% cell suspension) with a drop of anti-Rh 

sernm containing blocking antibody on a warmed glass slide, massive agglu

tination occurred. Wiener (1945b) extended these observations further, 

showing that the heavy cell suspension alone was not the answer, but that 

the reduction in saline concentration was essentialo A 2% suspension of 

Rh-positive cells could be agglutinated by blocking antibody provided 

that serum or plasma, rather than physiological saline" were used as the 

sttspending media. Other substances later found to be useful in promoting 
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the action o£ this kind of antibody were albumin (Diamond and Denton, 1945), 

gum acacia and polyvi~l alcohol (Levine, 1946), gelatin (Diamond and Den

ton, 1945; Fisk and McGee, 1947; Prokop, 1951), dextran (Grubb, 1949; Jones, 

1950) and polyvinylpyrollidone (Formaggio, 1950; Goudemand and Samaille, 

1950; McNeil and Trentelman, 1952a, 1952b). 

The blocking technique devised by Wiener and Race indicated that the 

effect of saline was inhibitor,y rather than destructive. This was con

firmed more directly by Diamond and Denton (1945) who incubated blocking 

serum and Rh~positive cells suspended in saline, washed the cells, and re

suspended them in bovine albumin, after which agglutination took place 

readily. 

vfiener (1944c) has postulated that the molecule of the saline anti

body is "bivalent", possessing two or more reactive groups capable of 

combining with different red cells and so agglutinating them 0 The block

ing type was supposed to be lIunivalentn with only one combining group. 

He explains the action of protein materials in activating the antibody b.1 

his Ifconglutinationlt theory (Wiener" 1945b, 1946a). Briefly stated, a 

hypothetical nX-protein" or t'conglutinin11 present in serum, plasma, etolt, 

acts as a bridge through which the univalent antibody can function. This 

represents the only theory advanced to date dealing with the reaction 

peculiar to the blocking antibody_ However, evidence exists that this 

theory is untenable (Argall, 1951). 

Univalent antibodies are found more frequently in the serums of moth

ers of erythroblastotic infants than are the bivalent ones (Wiener, 1946b). 

Wiener (1946a, 1946d) explains this by assuming that their small size 

allows greater placental permeability, permitting increased concentration 
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leading to the most severe forms of hemolytic disease. 

In addition to the methods alreaqy discussed, the Coombs anti-human

globulin technique (Coombs, Mourant and Race, 1945) and the proteolytic 

e!myme test (Morton and Pickles, 1947) were introduced. Both procedures 

permit the detection of blocking antibo~ in the presence of sodium chlo

ride. They apparently differ from each other in mode of action" and nei

ther bears any obvious serological relationship to methods employing col

loidal media. 

A number of suggestions have been made for giving names to the saline

inactive antibody_ Some were based on the supposed role of the antibody 

clinically, some on i ts pastula ted mode of action, others on the type of 

suspension medium employed for the red cells. However, until a more log

ical basis for nomenclature and more experimental evidence are available, 

it seems better to use the commonly recognized term "blocking antibody" 

to depict all forms of saline-inhibited antibody~ with the understanding 

that the designation is possibly too comprehensive. 

The stimulus provided by the discovery of the Rh factors and applica

tion of the methodology developed for the detection of blocking antiboqy 

has resulted in the discovery of many new blood group systems in man. In 

studying antigens wi thin the Rh system, it is highly important to be aware 

of these other types since supposedly pure Rh serums may oontain antibodies 

against other factors (Rosenfield, Vogel, Miller and Haber, 1951). 

Subgrou.ps had been found in every hwnan blood group system studied 

thoroughly, so it was not surprising that a similar situation should be 

found with regard to the Rh system. 'Wiener (1944b) was the first to note 

the existence of ttintermediate lf Rh types which gave weaker reactions with 
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standard typing serums than did the variety of Rh-positive bloods most 

frequently encoWltered. 1he phenomenon was oonsistent in arty individual 

and, from its familial inoidence" appeared to be inheritable.. This first 

observation of an Rh subgroup was in connection with the antigen D. No 

attempt was made to charaoterize the subgroups although Wiener, Sonn and 

Belkin (1944) mentioned that they might be the oause of certain minor~ 

but persistent, variations from the six-genemnltiple allele theor.r. 

Subgroups for each of the Rh antigens have now been describedo With 

one exception, they are similar in their serological action; i.e., no anti

serum has been found which is specific for bloods of the subgrouPJ as dis

tinguished from those of the "regular It kind found in the vast majority of 

individuals of a particular group. The lone example of a specific sub

group antiserum is 'the anti-CW first found by Callender and Race (1946) 

and subsequently by a number of investigators. From its description, it 

is obviously a variant of C. The patient in Whom the antibody was origi

nally identified was a homozygous C, but persons of t,ype Co and ec can 

also form anti-ew (Lawler and van Loghem" 1947; van Loghem, Bartels and 

Hart3 1949). While CW antiserums are high~ specific, agglutinating only 

CW cells, anti-C serums may be less restricted. Callender and Race (1946) 

found that the majority of anti-C serums were actually anti-C I CW, only 

a tew being pure C. In absorption experiments, Race, Sanger and Lawler 

(1948c) were able to remove all of the antibody from anti-C f OW serums 

by absorption with either kind of blood, e or Cwo With pure C antiserum 

or artificial mixtures of pure e and pure CW, only the homologous cells 

were active as absorbing reagents. 

Other variants of C are eU and cV• Race, Sanger and Lawler (1948a) 
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noted that when they tested 284 random samples of blood with anti-D, E, 

e, c and eW serums, plus three different anti-C serums, two samples gave 

irreguJ.ar reactions with the anti-C serums. The irregularity was not 

parallel so it appeared that while both were subgroups of 0, they were 

not identical. No further stUdies were made with the one labelled eU" 

but the other (CV) gave some very interesting reactions. Blood of the 

type c vDE was found to give a "double .... dose effect" when titrated with 

three anti-e serwns.* 

In genetic studies, cT appears to be more nearly related to ethan 

to C. Absorption of anti .... C lev serum with c v cells is as effecti va in 

removing all antibody as is absorption with C cells. Whether or not a v 

erythrocytes can also remove anti-a antibody as well was not mentioned. 

A second example of CV was found by Jones~ Steinberg, Allen and Diamond 

(1953). These authors confirmed the dosage effect with anti-c and fur-

nished additional presumptive evidence for the relationship to C. This 

was based on the observation of a new antibody, anti-r, described by 

Rosenfield et!l. (1953). The antigen defined appears only in indi-

viduals with at least one chromosome containing c and e. For example, 

Ode is f-negative while cDe or cde are f-positive. Jones!! al. (1953) 

were able to obtain blood from two individuals with a genotype CDe/cvDe 

and found both to be i-negative. This indieates a C-like characteristic. 

cV, then, appears to be an unique intermediate--a partial antigen 

~t has been found that the Hr serums anti..,.c and anti-e will show 
much higher titration values when tested against co or ee cells respec
tively than when tested with Cc or Ea. This is the "double dose effect" 
(Race, Taylor, Boorman and Dodd, 1943). Landsteiner and Levine (1921) 
noted a similar effect with M and N serums. 
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representing the simultaneous product of two alleles, C and c,which, by 

the ordinar,y rules of genetical theor,r, must be on separate chromosomes. 

One example of an E subgroup, Ell, was reported by Armytage, Ceppellini, 

Ikin and Mourant (1950)" a second by Mourant !!.:!. (1952). ihese were 

recognized by weak and irregular reactions with anti-E serums. 

The established clinical importance of the D antigen should merit 

focussing special attention on its subgroups, although serologically and 

genetically they are of no greater significance than the 0 or E interme

diate types. After the first brief mention by Wiener (1944b), little 

attention appeared to be given the D subtypes until Stratton (1946) pub-

lished a case which afforded a better opportunity to de.monstrate the hered

itary pattern. He proposed the term DU in accordance with the British 

system. ,liener (1950) suggested Germanic-Rho' Ger.manic-Rbl , etc.* The 

particular nU type in the family studied by stratton was recognized by 

irregular reactions with anti-D serums of the saline kind. The erythro-

cytes were agglutinated by some serums, but gave negative reactions with 

others, despite the fact that all of the serums were approximately equiv-

alent when tested against D red oells. Serums o.l the first kind he con

sidered to be anti-D I- nU, the latter pure anti-D. Absorption with D cells 

was found to take out all of the antibody_ Race, Sanger and Lawler (194&, 

1948d) .made several observations which can conveniently be summarized 

as follows: 

(1) DU red cells are agglutinated by some saline anti-D serums, 

"Yiener (1949) scolded Stratton. for introducing a term with no mean
ing, sta.11ng that only .lac tors for which there was a specific antiserum 
(e.g., eli) should be given recognized designations, but a year later intro
duced these 8,Ymbols. 
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but not by others. Elua. tea prepared from cells which react 3 

as well as cells giving no visible agglutination with a par

ticular serum, show saline anti-D activity_ Cells treated 

with blocking anti-D yield blocking anti-D upon elution. 

(2) nU cells are usually agglutinated in albumin by saline anti-D. 

(3) nU cells are sensitized for the anti-globulin test by the 

great majorit,y of blocking anti~D serums. 

(4) DU cells are usually not agglutinated in albumin by incomplete 

anti-D. 

(5) DU cells are efficient in removing anti-D agglutinin from a 

saline anti-D serum which agglutinates the cells concerned. 

Some DUo cells, although not reacting visibly with a given D i 

DU saline serum, can nevertheless reduce the anti-D titer. 

Also mentioned was the peculiarity of some cells showing anti-D 

antibody in the eluate, although causing no detectable decrease in titer 

of a serum .. 

Stratton and Renton (1948) reached almost identical conclusions 

independently. In addition" they made the statement that it is very 

improbable that even the lowest grades of DU can make anti-D antibody. 

Stratton and Renton (1949) set up a rather casual classification 

of nU using the terms .thigh grade n and !flow grade" based on the reaction 

of erythrocytes with a battery of serums. Those that were agglutinated 

by 0-45% of saline anti-D I nU serums were high grade; those reacting with 

none~ low grade. The following table taken from this paper indicates the 

type of reaction to be expected. 



21 

Table Showing Percentage ot Anti-D Sera Giving Positive Results (the Aetual 
Percentage of Positive Results Depends on the Individual Cell Sample Tested) 

Antigen in Cells 

Test 

D 
High-grade 

DU 

Agglutination in albumin*. 60-90% 0-10% 

Agglutination in saline' •• 60-100% 5-45% 

Coomb1s reaction* ••••••••• 90-100% 70-100% 

*Tbe sera tested were the strongest available. 
1'.Ihe sera tested were a random selection. 

Low-grade 
nU 

Nil 

Nil 

20-60% 

~ 

d 

Nil 

Nil 

Nil 

In the same paper additional evidence was introduced that nU persons 

could not produce anti-D antibody_ A definite state1Jlent was made that nu 

should be considered Rh-positive for reporting the Rh type of prenatal 

patients. 

The incidence of nU varies from race to race. It is high in Negroes 

(Wiener, Unger and Sonn, 1945) and in persons of Eastern Mediterranean 

stock (Rosenfield" Vogel, Miller and Haber, 1951; Choramis !!: !!.., 1953). 

Renton (1950) and Rosenfield, Vogel, Miller and Haber (1951) have made the 

only studies of Caucasian populations and their results are markedly dif-

ferent. 

In addition to being of interest for their ~ vitro serological prop

erties, at least two Rh subgroups are of some clinical importance them

selves. OW has been associated with transfusion reactions (Callender and 

Race, 1946; Co111ns, Sanger, Allen and Race, 1950) and er.ythroblastosis 
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(van Loghem, Bartels and Hart, 1949). DU cells were responsible for a 

transfusion accident when a dd patient who had already produced anti-D 

antibody was given supposedly D-negative blood which on re-examination 

was actually .found to be DU (Diamond and Allen, 1949). '!he antigenicity 

of the intermediate Rh type was demonstrated by van Loghem (1947). 

Attempting to induce formation of anti-C by injecting Cde erythrocytes 

into a codd volunteer, he found both anti-C and anti-D in the serum. 

The donor whose cells were used was found to have the Rh type CDne. 

Mollison (1949), Rosenfield, Vogel, 1{111er and Haber (1951), and Wiener 

and Brancato (1952) desoribed cases of erythroblastosis 1n which the 

affected infant and its father were nus while the mother was dd. 

DU is novel in one respect among Rh subgroups. It is the only one 

in which a subgroup individual has formed antibody apparently directed 

against the main antigen of the group. Argall, Ball and Trentelman (1953) 

reported the ease of a WQ,man whose erythrocytes gave all of the typical 

reactions for nU, but whose serum contained a high titer, 1:128$ of anti

body conforming specifically to anti-D. 

In the most comprehensive study of the DU subgroup made to date, 

Race, Sanger and Lawler (1948b) stated that their report was only of a 

preliminary na. ture and that tfi t is clear tba t there is much yet to be 

learnt about DU, and we feel that the stlbject is capable of affording 

fundamental knowledge" both serological and genetical". 



MATERIALS AND METHODS 

PART I 
Detailed Techniques 

The methods employed are outlined in the following paragraphs. 

They are referred to thereafter by the name given in the paragraph 

heading. 

Ao Saline tube test: 

(1) A 2% suspension of erythrocytes was made in 0085% sodium chlo-

ride solntion, washeds and restored to volume in the same medium. 

(2) 0005 ml of serum and the same amount of antigen were placed in 

a 10 x 75 mm test tube and incUbated in a 37° C water bath for 

one hour. The reaction mixtures were centrifuged for one 

.minute at 1500 rpm and read. 

B. Coombs testg 

(1) Cell suspensions were prepared as in A-I. 

(2) 0.05 ml of serum and the same amount of antigen were placed in 

a 10 x 75 rom test tube and incubated in a 37° C water bath for 

one hour. 

(3) The cells from (2) were washed three times with full tubes of 

saline. After the last washing, the saline was re.moved as com-

pletely as possible by flicking the tubes; Ovo5 ml of anti-

human globulin rabbit serum was added to the packed cells, the 

two being mixed thoroughly by vigorous manual agitation. The 

tests remained at room temperature for thirty minntes, were 

centrifuged at 1500 rpm for one minute, and read macroscopicallYo 

23 



24 

c. Proteolytic enzyme (trypsin): 

(1) Trypsi,n solution was prepared by disBol ving 0.25 gm trypsin 

(Di.feo, 1:250) in 25 ,ml of 0.85% sodium chloride. After thorough 

shaking, the trypsin remaining undissolved was allO'll\ied to settle 

and the supernatant used for testing .. 

(2) A 2% red blood cell suspension was made in 0.85% sodium chloride 

solution" washed, and restored to volume in 0.15 molar phos

phate-buffered saline at a pH of 7.1. 

(3) o.15ml trypsin was used for eachml of 2% red blood cell sus

pension.. The enzyme was allol-Jed to react with the erythrocytes 

for ten minutes at 37° c. At the end of this period, the cells 

were washed once with saline and restored to volume in saline. 

(4) .0.05 ml of serum and o.05ml trypsinizedantigenwere placed in 

a 10 x 75 rom test tube and incubated in a 37° C water bath for 

one hour before reading. 

D. Polyvinylpyrollidone (PVP): 

(1) A 2% red blood cell suspension was made in 0.85% sodium chlo

ride solution, washed, and r~stored to volume in the same .medium. 

(2) 0.05 wI of serum and 0.15 ml of a,10% buffered solution of PVP 

(Holy Cross Hospital Research Foundation) were placed in a 

10 x 75 mm test tube andmi~ed. O.lml antigen was added and 

mixed. The serum-PVP-antigenmixture was centrifuged at 2500 

rpm for two minutes and read immediately. 

E. Serial dilutions: 

(1) O.lml of saline was placed in each of a series of 10 x 75 rom 

test tubes. 0.1 m1 of serum was placed in the first tube, and 
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successive two-fold dilutions made in turn. 

(2) 0.05 m1 of red blood cell antigen, either trypsinized or in 

saline according to the particular test to be used, was added. 

(3) The tubes were placed in a 370 C water bath for one hour before 

reading. 

F. Absorption of serum: 

(1) One ml of washed, packed erythrocytes was used to absorb two 

ml of anti-D serum. 

(2) Absorption was allowed to proceed for one hour in a 370 C water 

bath, after which the tube was centrifuged at 4500 rpm for ten 

minutes and the superna tant serum. removed as completely as 

possible with a Pasteur pipette drawn to a very fine tip_ 

G. Elution of Rh antibody: 

(1) After the absorbed serum was removed in F-2, the cells were 

washed six times with full tubes of saline. 

(2) o.5ml of saline was added to the washed cells, which were 

placed in a water bath at 560 C for fifteenminntes and agitated 

from time to time. 

(3) The cells were'centrifuged at 4500 rpm for ten minutes and the 

supernatant saline (usually deeply tinged with free hemoglobin) 

was removed and tested for Rh antibody. 
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PART II 
Definition of a nU Blood 

In order that there be no ambiguity on this point, the following 

criteria have been established to identify a nU blood specimen: 

(1) gives a weak or negative reaction with one or more saline 

(2) 

(3) 

test tube anti-D serums; 

is agglutinable by one or more blooking anti-D serums; 
• 

is capable of yielding anti-Dantibody by elution after 

treatment with blocking anti-D serums. 

The term "weak reactionn means one that appears negative or ques-

tionably positive macroscopically, but shows distinct agglutination when 

examined under the microscope. 
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PART TII 
Materials 

Most of the materials used were carefully pretested laborato~ 

reagents. Erythrocytes do not oome into this olassification, and the 

.means for obtaining them as needed are described. 

A. Rh typing serums: 

(1) All typing serums were purchased from commercial sources. 

(2) Preliminary studies. 

Each anti-D typing serum was tested against a panel of D-

negati va cells containing as many antigens of other blood group 

systems as possible. a b a Included were A, B, K, k, Le , 19 , Lu , 

w a b M, N, S, s, P, C, C , E, FY , and Fy • The saline and Coombs 

tests were used for these determinations. None of the anti-D 

serums selected for use in any part of this report showed evi-

dence of having antibody other than D. 

(3) Titer. 

The titer for each serum was determined by two-fold serial 

dilutions against a panel of 'ten D-positive cells, taking as 

the average titer the geometric mean. The saline and blocking 

serums chosen for investigation of incidence and classifica-

tion of DU bloods had an average titer of 1:128. 

(4) Presence of antibody reacting with nU erythrocytes. 

(a) Blocking serums were tested against a small panel of twelve 

low-grade DU bloods. The three picked to be employed in 

the incidence and classification of DU bloods reacted with 

all twelve control specimens when the Coombs test was used. 
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(b) Saline serums were used without preliminar,y checking of 

nU antibody content. 

B. Specimens: 

(1) For incidence and classification. 

Samples used for this portion of our stud,y were routine pre

natal blood specimens submitted to the Blood Grouping Section 

of the Division of Laboratories, Utah State Department of 

Health. Careful checks were made to eliminate repeat or referred 

specimens, so the data reflect the findings for a random sampling 

of the population of Utah. None of the Rh factors are sex-linked~ 

so the fact that the great majority of samples are from females 

does not detract from the validity of the figures presented. 

(2) For preliminar,y absorption studies. 

Most of the specimens were low-grade nU bloods furnished through 

the kindness of Dr. stanley Marcus and Mrs. Jessie Lamont of the 

Latter Day Saints 1 Hospital Blood Bank, Mr. Elmer Trentelman of 

the Holy Cross Hospital Research Foundation, and Mrs. Virginia 

Kreuzer of the American Red Cross Blood Service. 

(3) For cross-reaction experiment. 

A careful record was kept for each nu blood specimen encountered 

from the period July 1, 1954, to March 1, 1955. At that time, 

a letter was sent to physicians of selected nU patients explain

ing the uncertainty surrounding the nU type and soliciting the 

cooperation of clinician and patient in obtaining a larger sam-, 

pIe than that sent in for usual Rh work. A bottle containing 

sufficient AOD solution to prevent coagulation of eightly m1 of 
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blood accompanied the letter. All of the specimens were 

received within a short period of time so that the cells 

could be stored in the refrigerator and tested at a later 

date with a number of absorbed serums. 
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PART IV 
Incidence and Classification ot nU Bloods 

Although considered separate~, the same series ot tests was employed 

for both phases of Part IV. In A, the incidence of all Rh types was of 

key importance, but in B the emphasis was on subdivisions of' the DU group. 

A.. Incidence. 

Each specimen was tested with one anti-C" one anti-E" and three anti-D 

serums by the saline test tube technique. Weak reactors for D and 

negatives were examined wi ththree anti-D blocking serums by the PVP, 

the proteolytic enzJIne and the Coombs procedures. 

B. Classification. 

From the reaction pattern derived from IV-A, an atte,mpt was made to 

classit.f the nU blood specimens into distinct groups solely on the 

basis of the least sensitive techniques needed to demonstrate the nU 

antigen. The provisional groups were: 

nU-I. nU demonstrable by saline techniques; 

DU demonstrable by PVP test, not by saline; 

DU demonstrable by proteolytic enzyme test" not by 

saline or PVP; 

DU demonstrable only by the Coombs testo 
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PART V 
Preliminar.y Absorption Studies 

A single anti-D blocking serum, HColo' was employed in these tests. 

Two ml of serum were absorbed with one ml of washed, packed cells. After 

each absorption the serum was titrated against tr.ypsinated D-positive 

er.ythrocytes and tested qualitatively (Coombs test) against the DU cells 

being used to carry out the absorptions. An eluate prepared £rom the 

absorbing cells was also tested against trypsinated D-positive cells and 

the absorbing cells respectively. Checks of serum and eluate with the 

absorbing cells were carried out b.Y the Coombs technique. Absorptions 

Were carried out repeate~ until the criteria for complete removal of 

nu antibody were met. The requirements were: 

(1) failure to rednce the anti-D titer over at least three succes-

sive absorptions; 

(2) failure to show anti-D antibody in the eluate over three suc-

cessive absorptions; and 

(.3) failure to react with a suspension of the absorbing cells. 
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PART VI 
Cross-Reactions Between DU Bloods 

Two ml of washed, packed cells from the specimens mentioned in 

Part TII-B-2 were used to absorb one ml of anti-D blocking serum HC12. 

Tests of absorbed sernm and eluates were made as in Part V, except that 

no quantitative titrations were performed. 

After all absorptions had been completed, each absorbed serum was 

tested with every nO. specimen used for absorption. The Coombs test 

was used throughout. 



EXPERINENTAL RESULTS 

The presentation of experimental results follows the order outlined 

in Parts IV, V and VI of Materials and Methodso 

It was necessary to determine the incidence of DU before beginning 

aqy large-scale studies. If DU blood specimens were found too infrequently, 

years might be spent gathering enough material to be representative. At 

the same time, a study of Rh blood types to detect deviations from previous 

figures for Caucasian populations, and to ascertain if nU subtypes were 

associated more frequently with one Rh type than others, appeared reason

able. By using a combination of typing serums on the samples and testing 

each with the varionsmethods, a means of classification might be worked 

out. Once it was established that the nU subgroup appeared with a high 

enough frequency to make further stUdies feasible, prelimina.ry investiga

tions of the absorbing quality of DU antigens were made as a guide to what 

might be expected when a large number of samples for cross-reaction experi

ments woul~ have to be handled in a short period of timeo The absorption 

and cross-reaction findings .might also be correlated with classification. 

33 
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PART I 
Incidence of Rh T.ypes 

The data presented in Table 2 are felt to be a valid representation 

of the distribution of Rh types in Utah. This state has a very low per-

centage of Negro or other racial stocks which might increase or decrease 

the incidence of aqr particular type. The conformity of the findings to 

other studies on Caucasian populations makes it 'likely that the number of 

nU specimens found is a tru.e approximation of the frequency of this sub-

type in the white race. 

The significant lack of nU samples in the ODE group (Table 2, line 3) 

was difficult to rationalize until it was realized that over 90% of this 

group is homozygous for D. At the present time, there are no serological 

means for detecting the DDu heterozygote, so all DU blood specimens recog

nized must have the genotype DUDn or nUdo The homozygote is rare enough 

to be a collector's item; therefore, it is likely that all of the DU per

soms found in this study were nUde Using the chromosome frequencies (or 

gene frequencies, if one employs the .mol tiple allele hypothesis) presented 

by Race and Sanger (1950)~ the expected number of heterozygotes for D in 

each Rh type was determined and the percentage of rJl obtained for them. 

The percentage figures in the last column of Table 2 show that the number 

of persons carrying a chromosome containing a nU gene 1s approximate~ the 

same in any Rn type where it is possible for it to occur. 

The incidence of Cde and cdE is lower than that given in most previous 

studies. This is due to the fact that earlier work was done at a time when 

the only intermediate D types known were the ones giving weak reactions 

by saline methods. Little attention was paid to these reactions and they 
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Table 2 

Rh TYPES OF 16,657 UNSELECTED BLOOD SPECIMENS 

DU* % DU IN 
PHENOTYPE NUMBER PERCENTAGE % CALCULATED 

HIGH LOW DU HETEROZYGOTES 

ODe 8628 51.80 111 66 2.05 3.08 

cDE·, 2431 14.59 48 24 2.96 3.48 

CDE 2383 14.31 6 2 0.34 2.90 
\ 

cDe 362 2.17 6 6 3.31 3.42 

Cde 85 0.51 0 0 - -
odE 101 0.61 0 0 - -
cde 2667 16.01 0 0 - -
CdE 0 0 0 0 - -

I 

TOTALS 16657 100.00 171 98 1.62 -
*High-grade: react with one or more of three saline anti-D typing 

serums. Most, if not all, would be considered D-positive in a 
majority of 'laboratories. 

Low-grade: do not react with aqy saline typing serums. Requires 
,PVP, proteolytic enzyme or Coom.bs test for detection. 
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were considered D-positive. Therefore, most, if not all, of the low

grade nU bloods classified CDe in Table 2 would have been considered Cde, 

and the same holds true .for cdE and CdE II Adding the low .... grade eDue to 

the figures for Cde gives 85 f 66, or 151 apparent Cde, or 0.91%0 Apply

ing the same spurious correction to cdE yields 0.75%. 

That nU follows the distribution of D is shown by the fact that it 

occurs in connection with C, 43.7%, and with E, 19.7%, of the timeo 

The very rare phenotype OdE (estimated frequency 10-4) was encoun

tered twice II In both instances j however, the specimens gave DU. reactions 

and are included as the two low=grade members of the ODE type. 

The saline-active, or high-grade, nU type was found more frequently 

than low-grade, in a ratio of 1.75:1. 

With the number of blood specimens received annually in this labora

tor.y, the percentage of nU samples, 1.62, was considered ample for con

tinuing further studies. 
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PART II 
Classification of nU Specimens 

The idea that a tentatively useful system of classification might 

be achieved on the basis of methodology grew from earlier observations 

(Argall, 1953) that the techniques available for detection of Rh antibody 

in serums varied widely in their sensitivity, the general order being 

proteolytic enzyme> Coombs test> PVP > albumin> slide> saline. 

This concept was tested by determining the reaction pattern of the 269 

nu blood specimens mentioned in Part I with three saline and three block-

ing anti-D typing serums, the latter being used with three different meth-

ods. It is obvious from Table 3 that the Coombs test is more reliable for 

detecting nU bloods than is the proteolytic enzyme technique, thus revers-

ing the order exhibited in Rh antibody testing" For screening large num-

bers of samples, the anti-hUMan-globulin test would be the one of choice. 

PVP and saline follow these two tests in desoending order of activity_ 

As a general rule, if a specimen reacts with aqy serum when a tech-

nique of lesser sensitivity is used, it will be agglutinated more strongly 

by the same serum., and usually by others as well, when a more sensi ti va 

procedure is applied. This is by no means invariable, however, for twenty-

three exceptions are recorded in Table 3. 

Three kinds of variation are to be noted. One has already been men-

tioned in the preceding paragraph and appears to be largelY a result ot 

the technique employed. A second kind of divergency is noted when the 

three serums are tested against the same nU red blood cells by the same 

technique. Here the difference apparently lies in the qualitative anti-

body content of the serum, but there is no consistent pattern. The third 
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Table 3 

REACTION PATTERN OF 269 DU BLOOD SPECIMENS 

HE'IHOD SALINE PVP TRYPSIN COOMBS 
~'" .. NO. 

TYPING SERUMS HCs Os CBs HC12 0 CB HS2 0 CB HC12 0 CB 

I I I t t I I I I f I I 132 

I t - I t f l- t I f f f 11 

I "" f I t I f I I I f f 3 

.... t f f t I I I t t I I 4 

HIGH GRADE* .... I .... l- f I t I I I f f 4 

I - - I I t I l- I I I I 2 

l- f ... CD "'" "'" I I- ... I I f 6 

I "'" 
, - f I I 6 .... .,.. ... .... - .... 
1 

I I I - "'" '"'" ;. - .... I I I 3 

- .. - t f I I I I I I I 8 

- - ,.. ... ... ... l- f t f I I 15 

- - .... - .... - I - - I I I 35 

"'" - - - - -
LOW GRADr 

- - .... I f I 24 

- "'" - - - - - - - - f - 4 

.... coo "'" - - - I- - - I - - 4 

- - - .... - - I - - "'" ... - 3 

.... - - I I - ... - - t I f 5 

*See page 21. 

I 
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appears to be related somehow to an effect produced by both method and 

serum in combination. It can be noted most clear~ by comparing the 

HC12 and 0 typing serums. In trypsinj HC12 gives positive results with 

230 samples, 0 reacts with only 185. Consideration of the Coombs test 

data shows that both serums agglutinate exactly the same number of DU 

blood specimens, 2620 One serum, then, may be much more effective than 

another with a given method, but no more so when another test is utilized. 
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PART TIl 
Absorption Studies with nU Samples 

Before the absorption experiments were begun, the titer of typing 

serum HCl2 was determined against each of the specimens used for removal 

of antibody 0 The serial dilutions were done in triplicate with the Coombs 

technique. The results of these tests are given in Table 4. The great 

variation exhibited b.y nU cells is clearly evident, ranging from samples 

reactive with undiluted serum up to those giving the full titer expected 

of regular D-positive cells. It would appear that, for the most part, 

the limiting titer became lower in inverse ratio to the sensitivity of 

the method necessary to detect nu, but the degree of overlapping makes 

the observation of dubious significance for practical purposes. 

The data of Table 5 indicate that whereas D oe1ls remove antibody 

swiftly and completely, Dtl eells seem to remove small increments of anti

body per absorption. Table 7 shows that ma~ high-grade nU samples can 

absorb all of the anti-D antibody"" whereas 0 thers achieve only a marked 

reduction in titer. At the lowest end of the scale are samples of cells 

agglutinated weakly by the undiluted serum and capable of yielding small 

amounts of antibody on elution, but producing no demonstrable lowering 

of titer. The indication is that nU erythrocytes can usually produce a 

diminution in the amount of anti-D antibody~ but that the amount of anti-

body absorbed is a property of each individual sample. 

When consideration is given to the action of the serum and that of 

the eluate after each successive absorption, a definite pattern may be 

observed, as illustrated in 'fables 6 and 7. Almost invariably 9 the first 

tests to become negati va are those made against the absorbing erythrocytes. 



Table 4 

TITER OF DU CELLS WITH UNABSORBED ANrI-D SERUM, HC12 (COOMBS TEST) 

GROUP 

D 

SPECIMEN 

CIA 
FUL 

1 
TITER 1: 

2 4 8 16 32 64 

RSF ------------------------------------~--------------~~--~~-----COO 
MIL 
JOS 
AND 
THO ~~-~--~-----~--~---~-~----~--~-~---

BEN --------~----~------~-----~-~~ ~----------~~P~E~T---

REE 
BLO 

..... _ ....... __ &;;10 __ .., __ .. ____ ....... __ .... ' ....... _ ......... ______ .. 

eLY _______ .., __ ... _ ... II1II ___ .. __ ... _ .... _ .... ___ _ 

.... ----------.... ---E~VE~;,....------.-.--.. -------.. .---....... - ... ---.. ----------
KEV 
MAR 
RIC 
NOR 
RUS 
BAR 
ANR 

... -...--.---------'-----_ ........... _ .... _----

FOT --------------~------------~~B~UR~.---

ATYPICAL 

VAN 
ALL 
HAD 
SAG 
ROB 
Re-13 
RC-14 
COL 
BOW 
VAL ~---~-~~~-~---~----

128 256 



Table 5 

ABSORPTION OF ANTI-D SERUM HG10 WITH D ANDDu ERYTHROCYTES 

-
GROUP ABSORBING NUMBER OF ABSORPTIONS* 

ERYTHROCYTES 1 2 3 4 5 6 7 8 9 
CIA 41 1 0 (D a 0 
5-2C 8 2 a 0 0 a 

n 1-48 4 2 0 0 a 0 
2-8B 2 1 a 0 a 0 
RSF 32 6 2 0 0 a 0 

DU-I JS 32 l6 8 4 2 0 0 a a 
DU-II JV 128 64 32 32 16 16 6 8 8 

HC-lA 128 64 64 32 16 8 8 8 8 
VT 128 128 64 32 32 32 32 32 32 
HG 128 128 64 32 32 32 32 32 32 
HC-1 128 64 32 32 16 16 16 
RC-lA 128 128 64 32 32 32 32 
RC-2A 128 128 64 32 32 32 32 32 

DU-III 15 64 64 32 32 32 16 16 8 8 
.. 11 128 128 64 64 32 32 32 32 

12 128 64 64 32 32 32 32 32 32 
RC=2 128 128 64 64 64 64 64 64 
RC-3 128 64 32 32 32 32 32 32 
16 128 64 32 32 32 . 16 8 8 8 
LD-l 64 64 64 32 32 32 32 32 
RC-13 128 128 128 128 
RC-14 128 128 128 128 

DU-IV DP 128 128 128 128 
00-1 128 128 64 64 64 64 
LD-2 128 128 . 64 64 64 64 64 
LD-3 128 128 128 128 

*Absorbed serUm tested against pooled, trypsinated; D-posi tive erythrooytes. 
'Figures indicate titers expressed as reciprocal of serum di1u.tions. 

10 11 

8 8 
8 8 

8 8 

8 8 

---

12 

--

.a::
I'\) 
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Table 6 

ORIGINAL ABSORPTION AND ELUTION sromEs WITH HOIO 

124 
Q 0 

~ 
Q Q 

~ fij 
~~ ~~ &! 11 H 

0 §~ ~~ Cf.) 8'J~ ~[!j~ ~N ~ P:t 
~~ ~~~ !Q~~ 

~ ~~ OON O~O ~~~ r:z. ~c4 ~P:t~ ~~~ ~S Q ~H ~~~ ~~~ ~ O~ Oc:t:O O~~ o H ~~ m 
~~~ ~&1~ ~&l~ 

! ~~ ~A 

~I 
OH r:z.~~ ~~~ ~! 8 ~~~ o~ 

~ it .. trl . ~ . ~ 

€9 ~ '~g ~~~ ~~~ ~~~ ~f:J 

CI! 3 3 4 3 0 
.5-2C 3 2 4 3 0 

D 1-413 3 2 4 2 0 
2-8B 3 2 4 3 0 
RSF 4 3 5 3 0 

Dtl._I JS 6 4 7 4 0 

DU-n JV '* 4 9 4 8 
He-I! * 3 9 5 8 

VT * 4 7 .5 32 
HG * 3 7 4 32 
HC-l '* 3 .5 2 16 
RC-IA '* 3 6 2 32 
RC-2A '* 3 6 3 32 

Dtl..III 15 * 4 9 6 8 
11 * 3 6 3 32 
12 '* 5 7 4 32 
RC-2 '* 2 6 3 64 
Rb-3 * 4 6 3 32 
16 * 4 9 3 8 
LD-l '* 4 6 2 32 
Re-13 '* 2 2 2 128 
RC-14 '* 1 2 2 128 

ntl.-IV DP '* 1 2 1 128 
RC-l * 2 4 2 64 
LD-2 * 3 .5 2 64 
LD-3 ~ '* 2 3 2 128 

*Never oompletely absorbed. 
IAbsorbed serum tested against pooled, prQteo~tioenzyme treated, 
D-positive cells 

2Absorbed serum tested against absorbing cells b.Y Coombs test. 

I 
I 
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Table 7 

ABSORPTION OF SERUM HC12 lMITH SPECIMENS USED IN CROSS .... REACTION EXPERIMENT 

~ 
~ 

Q ~ ~ 

~ ~ rzl~ ~~ 
~ §~ 

~ ~~ §~ p 

~ ~§ ~~ ~~ ~~ 
,::Q 

!Q~~ ~ 
~H ~~ ~ ta o~ OON O~O O~ r.z. ~cc: ~~~ ~-<~ ~< ~£§ ~ 

~~ taS~ ~ ~~r:1 ~~~ ~! o 0 OI3:lH 
I=> CIl 

~~S ~~~ ~~~ 
~ 

~f5 E:I~ 

~~ ~I~ ~~~ ~I~ ~I 8 0 0[i1 
M • I • CIl o~~ o~gs ~ fl..t ~~ ~g~ 

I 

~~ til }l!; rz.. ~ r.z. 

D FU1 4 3 4 3 0 
•. CIA 3 3 4 3 0 

MIL 7 3 6 3 0 
JOS 1 5 7 6 0 

DU-I COO 5 2 4 1 0 
AND 6 3 6 5 0 
BEN '* 4 6 5 0 
THO * 6 7 6 2 
PET * 2 9 3 32 

DU-II REE if 5 11 7 16 
BLO '* 6 8 6 4 
CLY * 6 7 6 4 
ANR * 4 17 2 32 
MAR .. 3 9 4 32 
EVE '* 5 10 4 16 
RIC * 6 8 4 2 

DU-III NOR * 5 11 3 16 
KEV * 4 11 3 16 
BAR '* 4 10 3 32 
FOT '* 4 13 3 32 
RUB '* 5 8 3 32 
ALL '* 3 13 3 32 
BUR *" 4 9 3 8 

DU-IV SAG * 3 4 2 64 
ROB * 4 8 2 32 
VAN * 7 9 6 8 
HAD '* 3 5 2 128 
COL * 6 8 4 4 

ATYPICAL BOW 6 4 5 2 0 
VAL * 2 5 3 8 

cde SHO 128 
*Never completely absorbed. 
lAbsorbed serum tested against pooled, proteolytic enzyme treated, 
D-pos1tive cells. . 

2Absorbed serum tested against absqrbingcel1s .b,y Coombs testo 
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Either may precede the other, although in any case they occur within one 

or two absorptions of each other. High-grade nU blood cells which are 

capable of removing all anti-D antibody tend to yield negative eluates at 

about the same time that the serum no longer agglutinates D-positive red 

blood cells. Without exception, the eluates from all D and nU blood speci

mens are posi ti ve against D erythrocytes for at least one absorption be

yond the one in which no antibody for the absorbing cells can be demonstra

ted. Saline-inactive DU erythrocytes almost invariably continue to yield 

specific anti-D antibody on elution long after both serum and eluate are 

negative for the absorbing cells. 

The extreme case is that of the erythrooytes from patient ANR. After 

two absorptions, the eluate was negative for the A.NR red cells; four absorp

tions were necessar.y to render the serum inactive} but anti-D antibo~ from 

the eluate continued to be demonstrable nntil the seventeenth absorptiono 

This was such an unexpected occurrence that the whole experiment was re

pea ted 0 On repetition, the eluate became negative for anti-D after one 

less absorption, but serum and eluate gave the identical results with the 

ANR cells that had been obtained initial1Y6 Based on the possibility that 

some unknown antibody was interfering, the specificity of the eluted anti

body was checked after ever,y five absorptions with D-positive and D-nega

tive red ce1lsG The reaction was specific for the D antigen in every 

instance. 

The uatypical ff ce1ls listed in the last rows of Table 7 were placed 

in this category for definite reasons. The red blood cells of COL were 

saline-active, but required at least two hours for weak clumping to occur 

wi th two out of three serwns. Trypsinized cells were agglutinated to about 
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the same extent,., but the reaction took place wi thin a ha1f..,.hour and did 

not change appreciably on further standing., The PVP and Coo,mba tests were 

strongly positive with three undiluted blocking serums, although the titer 

was only 1:4 with blocking serums and 1:1 with the saline serums that would 

react at allo Despite the low titer, the absorbing power of this specimen 

was higho The red cells from BOW were agglutinated weakly with two saline 

serums, but so strong~ b,y the third that it would have been classified 

as ordinary D. The PVP procedure was completely negative with three block

ing serums, but by the other techniques, trypsin and Coombs, all three 

anti-serums displayed potent agglutinating power. The specimen from VAL 

was negative with all saline serums; positive with serum 0 alone in PVP; 

positive with HD12 alone in trypsin; positive with three blocking serums 

in the Coombs test., Deap! te these irregularities, COL and BOW behaved much 

like DU-I specimens, while VAL was fairly typical of a nU_n sample in the 

absorption and elution studiese 

The cde controls were necessary to make certain that repeated heatings 

at 37° C would not lower the serum titer non-specifically. It was also 

necessar.y to consider the possibility that small amounts of the saline used 

to wash the cells might be trapped in the packed column of erythrocytes to 

which the serum was added,? thus diluting this reagent., The cde specimens 

were passed through eighteen absorptions using all techniques described 

for experiments with nU cells. The failure to change the titer signifi

cantly indicated that the serum was not being undulY affected b.r extra

neous factors. 



47 

PART IV 
Cross-reaction Experiment 

When the test cells are listed by the classi.ticational grouping out

lined previously and the serums absorbed with these erythrocytes are 

presented in the same arrangementl a general pattern may be observed. 

More positive reactions are found to the left of a diagonal drawn across 

Table 8; more negatives occur to the right. Usually, as the agglutina-

bility diminishes, the cells are agglutinated less frequently by serums 

absorbed with erythrocytes lying above them. on the scale 0 In turn, the 

cells appear to take less antibo~ out of the serum, hence the serum 

which they have absorbed most often agglutinates the erythrocytes from 

samples higher in the listo This is o~ a general phenomenon, however, 

because numerous exceptions are illustrated in the Tableo In some 1n-

stances, the results with individual serums and cells is quite orderly. 

For example, absorption of serum HC12 with AIL erythrocytes removes anti

body against the other nU_IV cells. The ser~s absorbed indi vidually 

with these erythrocytes all give positive findings with the red cells trom 

ALL. Similarly, SAG serum does not agglutinate ROB and HAD erythrocytes, 

while serums prepared from ROB and HAD do clump SAG cellse l-iost of the 

DU-I specimens give concordant results, but BEN does not react like other 

members of the group. This patient appears to be transitional between 

DU_I and DU-II. Other exceptions occur, a good example being the cross-

reaction between eLY and REE. I n this instance, each sample completely 

removes antibody against the other, indicative of close or identical simi-

larit,y in antigenic structure of the red blood cells. However, when the 

agglutination pattern of the same er.ytbrocytes tested against serums 
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Table 8 

CROSS-REACTIONS OF nU SPECIMENSI 

ABSORBING ERYTHROCYTES: 

! CIA - - - ~ - - - - ~ - ~ ~ - - - ~ - - - - - ~ - - - ~ ~ - - -
~j FUL - - - - - - - - - - - ~ - ~ - - ~ - - - - - - - - - ~ - - -

MIL ~ ~ ~ ~ - ~ - - - - ~ ~ ~ - - - - - ~ - - - - - - - ~ - - -
JOS - ~ ~ ~ - - - ~,~ - ~ - - ~ ~ ~ ~ - - - - - - ~ - - - - - -

~ COO - - - - - - - - - -,- - - - .... - - - - - .. - - - - - - - -
~ AND - - -- - - - - - - - - - - - - - - - - - - - - - - - - - -

til mo 1 t - - - - .. - - - - - - - - - .. .... - - - - - - ... -. - - .. - : 
~ BEN t I I I I I I - - I - - - I - I I - - - - - - - - I I- - -
~ PET 1 I I 1 1 1 1 I - I I f - - - .. - - - - - - - .. - - - - - - ~ 
- ~ REE t I f lit -.;. I f -.. - - - I - - t - - - - - - - - I I - -
fu i, BCLLyO t. I II I I I I I- - -- - - - - - I - - - - - - - - - - - ~ 
~ I I - I t f - - - - - - - - - - - - - - - - - - - - .. 1 - -
~ . ANR III I- f f .;. 1 - - - f .. f - - - .;. - - - - - - - - I I - -
~ MAR 1 I 1 1 I- I I 1 I 1 I 1 .' - 1 - - I - - - .. - - - - I t 1 -
~ EVE I- I- 1 1 f 1 I I .j. - - I - - '. - - - - - - - - - - - - 1 - -
~ 't:t RIC I f - 1 1 I - - - - - - - .. - . - - - - - - - - - - - - - - -
~ ~ OOR 11111111/-11-1-1 -1--------/1-
:;: '~ KEV 1 If';' f I I I f - 1 f - I - I -. - - - - - - - - 1 I - -

N B~ 11111//11111--/1-1 -1------111-
~ FaT 1 I- f I 1 -.;. I 1 1 - - 1 - 1 - 1 1 - - - - - - - - f 1 1 -

RUS 1 I 1 I I 1 f I I I 1 I - ... I I - - - - - - - - - - f I I -
II--t>~;~~ ~/~II~~~~~~~~~~~~~~~~,[-::;l:~~~: 
~ :i .~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ,[ -~ : ~ ~ ~ : 
~ 'v~ Ifl-ffffiff-ffllfflltlf--f ffff-= ~D flf-

COL - • - - - - - - - f - -* BOW - ~ - ~ ~ - - ~ - - ~ - - ~ - ~ ~ - ~ ~ - - - - - - - - - - ~ 
VAL I 1 I I 1 I 1 f I - 1 1- 1 - I - - 1 - - - - - - - - 1 I - -

~~~SH~O Illtl~/llfflll.;.lllllllffllllllt-
POWI I 1 I I I r I 1 f - - - I - I - - I - - - - - - - -

lCoombs test used throughout. 
*Atypical samples. See text, page 45. 
'Special serumtrom nU patient who had developed anti-D antibody. 
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absorbed with the other speoimens used in this st~ is considered, there 

are seven instances when a serum fails to agglutinate REE cells, but does 

react with CLY. Even more bizarre are the instances where two specimens 

exhibit mutual oross-absorption but the cells from one are agglutinated 

by a particular serum which does not agglutinate the other; again, other 

serums are encoWltered which give exactly the reverse results, e.g., BLO 

and ANR. These exceptions are numerou.s but do not invalidate the con

struction of a hypothesis conoerning additive or step-wise accumulation 

of indi'Vidual nU antigens to .m.ake a complete D antigen. 



DISCUSSION 

Immunology has developed largely as an applied science based on 

empirical observations; its greatest con.cern has been the immediate 

problem of human or animal diseases, their prevention or cure. To the 

great majority of workers participating in this field, the basic ques

tion is lIDoes it work?", whereas the more fundamental questions of "Why" 

and ItHow" have been investigated by relatively few scientists. In its 

usual guise, immunology is a practical science almost divoroed from the 

biologioal and physical sciences other than medicine. 

However, no branch of science can remain pragmatic indefinitely, 

and this becomes espeoially true when pure research begins to replace 

the emphasis on practical application. Attempts to explain the facts 

and hypotheses derived trom. basic immunological experiments necessitate 

contact with other branches of science. The widening knowledge or 'hWllan 

and animal blood group systems forces an immunologist to obtain a rea

sonable familiarity with genetics; conversely, the geneticist must know 

something about the fundamentals of imm\lllology. There are maI\Y indica

tions that serological data maT be interpreted on a strictly chemical 

basis, quantitative and/or qualitative, and p~sioal theories have been 

utilized for establishing hypotheses concerning antigen-antibody relation

ships. This overlapping ot fields has resulted in the development of at 

least two poorlT defined hybrids, the immunoahemist and the immuno

geneticist. 

Aqy hypothesis elaborated to explain experimental results can not be 

firmly established tmJ..ess the findings are based on reliable techniques 

and reagents of known composition. In addition, the possibility of human 
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error must be reduced to a minimum of reproducible results are to be 

obtained. Serological experiments must contend with all of these poten

tial sources of error, and they must be considered in a~ interpretation 

of results. 

The findings presented in this thesis indicate that about 1.62% or 

the members of a Caucasian population may be expected to have red cell 

antigens meeting the criteria established for classification as the inter

mediate Rh type, DU• There are only two other studies of the incidence 

of nU in a population. Renton (1950) found that 32% or specimens origi

nally typed as Cde were actually Cnne; ll% of cdE upon further checking 

were shown to be cDuE. The frequenoyof the type oDUe was estimated by 

Renton to be approximately 0.015%. A more complete study was made by 

Rosenfield, Vogel, Miller and Haber (1951) on a New York population. Their 

results showed that 44.7% of the time, Cde specimens were aotually ODue; 

20.6% of the odE samples were more correctly classified as cDuE. The inci

dence of eDGe found by Rosenfield I s group was over thirty times higher than 

tnat estimated by Renton, being 0.48%. 

Besides making these comparisons with Rentonts earlier data, the New 

York group studied the overall incidence of the nU type, finding that 1.64% 

of all specimens couJ..d be placed in this category. High-grade nU. blood 

specimens outnumbered the low by a margin of 3:1. RoseDfield relt that 

technical differences did not account for the discordant results between 

the figures he compUed and those of Renton. Instead, he postulated that 

the discrepancy represents an effect due to the large number or persons of 

Eastern Madi terranean origin in lew York C1 ty. The frequency of both oDe 

and eDue is higher 11'1 this group. This appeared to be a reasonable 
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explanation until an analysis was made of the incidence of the nU type 

in utah. The Rh types of the population of this state should correspond 

more closelY to Renton's figures than to those of RoseDfield it the racial 

stocks comprising the population were the sole answer. utah has an essen

tially Nordic population, the number of persons of other ethDical groups 

who might conceivably altar the ratios of the various Rb. types being defi

nitely low. In spite of this, the data presented could have been obtained 

from a New York Caucasian population, but could not conceivably be eonsid

ered to resemble Rentonls findings. 

Essentially, the only marked discrepancy between the New York and 

Utah populations lies in the ratio of high to low-grade nU specimens. This 

is probably due to a difference in definition. Rosenfield considers a~ 

sample agglutinated b7 a Ilone-stage" technique to be high-grade. By a one

stage test is meant the saline tube test wi tb agglutinating serum, or a 

test (slide or tube) utilizing a blocking serum with albumin-suspended cells. 

By this cri tarion, all specimens ill our series which reaet in saline, plus 

those reacting in PVP bat not saline, would be high-grade. Our definition 

permits the classification ot saline-active specimens alone in this group. 

If we add the PVP reactors to the 171 saline-active samples, the total high

grade reactors equals 184, low-grade 85; a ratio of 2.2:1. This approaches 

the 3:1 ratio obtained ~ Rosenfield. 

There are a number ot reasons to account for the fact that the actual 

percentage of the nU subtype found is almost identical, despite the appar

ent difference in ethnical groups. One possibility lies in. judgment. To 

be classified as a ntt specimen in Rosenfield's preliminar.y saline agglu

tinin test, a specimen had to give two-plus or less reactions. For our 
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purposes, a slightly weaker reaction than that enoountered with the major

ity of erythrocytes was sufficient tor calling a sample DU. D:Ltferences 

of the order ot magnitude ot tlone-plus" or "slightly weaker" are hardly 

quantitative in nature and permit room for enough error to account for arry 

discrepana,y in the number of nU blood samples recorded. TheoreticallY, 

the figures obtained by Rosenfield shouJ.d be higher than those reported 

here, so it is very likely that we were calling some samples nU which were 

considered D-positive in Rosenfield's series. As justification for this 

practice on oar part, it may be pointed out that the amount of agglutina

tion obtained with these "almost-D" cells varied considerably when they 

were tested with additional serums. Nevertheless, the recognition of 

shaded changes in the amount of agglutination requires visual judgment and 

is open to some degree of subjective error. 

'!he qualitative variation inherent in the serwns themselves may also 

produce sufficient effect to alter the percentages of na specimens obtained 

from the same or similar populations by different investigators. Compari

son of the saline serums used in this study shows that one identified 157, 

the second 166, and the third 152 out of 171 possible DU specimens. Evi

dence furnished by'Raoe, Sanger and Lawler (1948b) indicates that even 

greater discrepancies could be obtained if more serums were utilized. Thus, 

if our serums had a greater .qualitative range, the net result wouJ.d be the 

detection of more nn specimens than would be possible with the single serum 

used in Rosenfield as study. On the other hand, the serum used by the latter 

investigator could have had a wider range than our three testing serums. 

The same reasoning applies to blocking serums , although the three used in 

this study showed minimal variation. among themselves. It appears that our 
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serums did cover a wider range because more DU specimens should have been 

found in New York if' the assumption that the Eastern Mad! terranean group 

was entirely responsib~e for the incidence of D'l were true. RoseDtield 

made no mention of what proportions of blood samples tested were aotua~lr 

fro.m this group" so their influence may not have been as great as that 

presumed. No data were given for the incidence of the oDe type, which 

mi.ght have been a valuable clue. 

The percentages found for the various Rh groups are in general agree

Ent with those found by other investigators for supposedly Caucasian 

populations. This lends support to the belief that the incidence of nU 

round 1s probably valid tor such a group. Al though actual figures may 

vary somewhat depending on the method used for detecting DU and the inter

pretation placed on rest1lts with saline serums in particular, it appears 

reasonable to expect that the true incidence of the nU sUbtype is between 

1.,% and 2.0% for whitepoptilations. 

WhUe it has been demonstrated that DU is antigenieaJ.ly active and 

can be responsible for transfusion reactions, either in providing the 

initial stimulus for the production of anti-D antibody or reacting with 

antibody alread,.. formed, the problem of eliminating nU donors from the 

D-negative grou.p is not as difficult as 1IJB.y appear. In the first place, 

the majority of high-grade rP specimens will be disclosed by aDY" of the 

methods utilizing blocking anti-D serums. If' a Coombs test is run in 

addition" only a ver,y few such samples will fail to give positive results 

with most commercial sermns. While it is true that typing serums can vary 

greatly in the range of nU which the,.. are capable of agglutinating, any 

of the commercia~ products which we have emplo,yed appear to reaet with 
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most nn samples, either high or low-grade. If a blood bank follows the 

practice of checking all apparentlY D-negative samples by the Coombs test, 

uainga commercial blocking serum from. a reliable manufacturer, only a rare 

nU specimen will be overlooked. An alternate method is to type all ])..nega

tive donors with anti-C and anti-E serums, considering as technically Rh

posi ti va all those reacting with either serum.o This in i tselt will elimi

nate most DU. donors automatically, leaving only the very small number of 

low-grade cDue specimens undisclosed. The use of a large number of block

ing serums from various sources, each checked as carefully as possible for 

anti-nu content, woUld be an ideal procedure, bu.t practically unsound in 

expend! ture of time and money. A single good commercial blocking serum 

used with the sensitive Coombs test should be sufficient for resolving most 

problems apt to be encountered, although there must be a definite under

standing that such a procedure cannot be expected to detect all of the 

weakly reacting subtypes of D. On the other side of the picture, recip

ients and pregnant women who fall into the DU classification are potentially 

capable ot forming anti-D antibody and for practical purposes must be con

sidered D-negative. Strictly on !. priori reasoning, it ean be hypothesised 

that high-grade DU persons would be less like~ to produce anti-D antibody 

than those in the lower classifications" Placing sllch individuals in the 

D-posi ti ve group would not be too dangerous. It is apparent that the cur

rent problem is one of a reasonable compromise between the practical exigen

cies of laborator,y life and the desire to make as few theoreticallY avoid

able errors as possible. 

The abUi ty of one serum, HC
12

, to cause visible agglutination of 42 

nU samples when the trypsin method was used,' whereas the other serums 
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failed to produce this result" is an enigma. Perhaps part of the answer 

lies in the type of antibody" present in this serum. Hill" Reid and Haber

man (1949) have fractionated anti-D serums into three components, each 

having the same specificity but differing in mode of action and having 

different electrophoretic mobility. The saline type of agglutinin was 

found to be present in the gamma globulin, and blocking antibo~ (in the 

original sense of combining with, but not agglutinating D erythrocytes) 

in the albtllllin-euglobulin .fraction. nCryptagglutinoids u or antibodies 

requiring special ,methods tor their detection, eo g., albumin suspension 

of cells, trypsin or Coombs test, ,were found in the beta globulin fractio~. 

The concept of these investigators is that a reversible antigen-antibody 

reaction with competition between the various kinds of antibodies occur 

when they are present simultaneously in a serum. If this were the ease" 

typing serum HC12 might be considered as being rich in cryptagglutinoids 

active against nU components. Either antibody would yield agglutination 

of the red cells by the Coombs test, since the latter test is non-specific 

to the extent that any cells coated with human globulin will be aggluti

natedo Certainly further work is indicated on both of these problems-

that of the kinds of antibody that may be present and that of the appar-

ently aberrant results when serums and cells are the same and only the 

procedure is varied. 

It has been intimated that various procedures with aqy given serum 

will show a definite order of acti vi. ty in detection of DU antigen, the 

ntll1iber of negatives increaSing in the order: Coombs test, proteolytic 

enzyme" PVP and saline, but that 23 out of 269 bloods failed to show this 

linear order. or the individual serums tested, serums HC
12 

and 0 
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exhibi ted 17 exceptions each; CB showed three. 'WhUe proposing a method 

of classification that has an inherent error of 10-15% does not seem 

acceptable, the faet remains that it is the onl'y system outlined to date 

which makes it possible to gain some insight into the serological reac

tivity of DU cells. In no ease in which nU has been implicated in trans

fusion accident or erythroblastosis has there been ~ indication of the 

exact nature of the DU types involved. It is still uncertain whether or 

not all grades of Dtl are equally antigenic. It is suggested that the 

system o£ classification proposed might have a degree of usefulness, but 

that in any unusual case the DU specimen concerned would have to be char

acterized as fully as possible by all available serums and methods. 

Yhen DU cells are tested with serial dilutions or anti-D serums, the 

titers show a wide range. The highest titers are ver,r close or identical 

to those of regular D cells; the lowest titers occur with undiluted serum 

only. That this is due strictly to the erythrocytes of each sample having 

varying quantities of the same antigen is unlikely. Even if only small 

amounts of antigen were present, it would seem that they should not exhibit 

such a wide range, but be more alike with regard to titer. On the basis of 

this analysis, the explanation of the results appears to reside, in part, 

in qualitative differences between D and DU red eells, as well as between 

various DU 9r,ythrocytes themselves. As previously noted, conjectures 

similar to these were used to postulate qualitative differences between 

the A:t and A2 antigens. 

Absorption studies were also indicative of qualitative differences 

between DU cells as well as between these cells and D cells. Erythroc,ytes 

belonging to the D group removed all agglutinins from serum HC12 rapidly 
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and completely. ibis was a consistent finding, capable of repetition with 

specimens other than the examples given in the tabulation of results. With 

the quantities of packed erythrocytes and serum used, no D samples have 

been encountered which required more than three absorptions before the serum 

ceased to react with all D and nU cells. ~ of the saline-active DU spec

imens were capable of removing all antibody from. the serum, although two 

were unable to accomplish this. One, THO, (Table 7) yielded an eluate with 

no antibody against D ce11s after Beven absorptions, but the serum contained 

residual antibody capable of agglutinating D, but not DU, cells. The second, 

BEN, followed a similar pattern, except that the residual antibody was anti

D .;. nU in nature. The rest of the specimens used in these experiments were 

incapable of remo'Ving all of the anti-D antibody; the remaining antibody 

agglutinated all D erythrocytes as well as var,ring Bombers of DU cells. 

Further evidence for a qualitative differenoe between members of the 

l)..;..Du series was obtained when the serums absorbed with variousDu cells 

were tested against all members of the battery of specimens used in the 

cross-reaction study. The erythrocytes of three high-grade specimens, cl)S, 

COO, and AND gave identical reaction patterns; two others, MIL and THO, 

were alike, although they differed from the first group. In no other cases 

were the cell patterns identical. The 28 DU specimens included in this 

study appeared to represent 25 distinct subgroups of the subgroup nU• 

The final indication that qualitative differences exist between DU 

specimens came from the tests made with the special serum., POW. '!he cas~ 

from which this sample was obtained has been reported previously (Argall, 

Ball and Trentelman, 1953). The patient, whose serum. contained anti-D 

antibody, belonged to a DU subtype. The antibody reacted with a nwnber 
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of DfJ. oells as well as with all D cells. n:..is patient produced an appar

ently anti-D antibody capable of agglutinating DU erythrocytes possessing 

structures which her own cells lacked It Unfortunately, it was not possible 

to obtain a specimen for inclusion in the absorption studies described. 

In some cases, there appeared to be a quantitative difference between 

certain DU cells. ~ls was particularly noted with the specimen from 

patient ANRo (See page 45.) Her erythrocytes were apparently capable of 

removing only minute amounts of antibody during each absorption, yet enough 

antibody was absorbed so that after seventeen trials the anti-D titer was 

reduced by two tubes. The absorbed serum gave reactions with nU cells in 

about the same proportion as serums absorbed by other members of the same 

classificational grou.p. ihe results with specimen FaT resemble those of 

ANR~ The erythrocytes of these two patients were agglutinated by few of 

the absorbed serums Q This may be acoounted for by presuming that the small 

amount of antibody left with which the cells could react and the few com

bining groups on these cells prevented visible agglutination, although 

antigen and antibody had reactedCl 

Ma~years ago, Landsteiner and van dar Scheer (1936) showed that the 

injection of a simple ohemical compound, e.go, serum protein diazonium 

para-aminobenzene sulfonic acid, could result in the formation of antibody 

against the compound. The clearest in vitro reactions were obtained with 

the antibody and its homologous antigen, but eross-reactions with chemical 

compounds of similar structure were found. Their interpretation was that 

the antibodies formed had their specificity determined b.1 the whole mole

cule and not by any constituent part; although formed in response to a 

single antigen, the antibodies were Dot uniform but varied in speciflcit,r 
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to some degree.. This variation in specificity was assumed to be responsible 

for cross-reactions with heterologous antigenso 

Wiener (1943b) and Wiener and Wexler (1952) have adapted this concept 

to explain the serological and genetical facts concerning the known blood 

groups. '!he term tJagglutinogen" means a structural part of an erythrocyte 

whose real! ty is inferred from its reactions with specific antisermns., 111e 

inheritance of an agglutinogen as a whole is taken to imply that it is a 

single structural unit. The unknown properties of an agglutinogen which 

determine its serological reactions are "serological factors", Even a sim

ple antigen may have multiple serologi.cal factors J this is demonstrated by 

the cross-reactions mentioned in the preceding paragraph. The serological 

factors, according to Wiener~ do not necessarily represent distinct cheml~ 

cal structures within the agglutinogen molecule, but may be only a pattern 

of electrical charges shared with other agglntinogenso 

To exemplify this, the Rh agglutinogen C is assumed to be under the 

control of a single gene; agglutinogen CD is formed under the influence of 

a second allelomorphic gene. To account for the major Rh agglatinogens, 

a series of eight allelic genes is necessary. If the hypothesis is carried 

to its logical conclusion, each agglutinogen making up subtypes of C, D and 

E must be under control of still other modified alleles. The idea that a 

single locus can simultaneously control three factors 1s rather unique. 

As far as we know, the one gene-one en~e theory has not been convincingly 

refuted as yet. (Lederberg (195'1) interpreted certain results obtained with 

his Lao-3 mutant of Escherichia coli as evidence for true pleiotropy, but 

such examples are very rare.) Furthermore, the idea that a gene can influence 

a pattern of electrical charges which .may not represent a physical entity 
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is rather diffioul t to grasp. Equally difficult to understand is the 

ability of three different genes to control the production of the same 

non-entity; e.g., the C (rV), CD (Rl) and ODE (RZ) genes all produce C 

agglutinogen, either alone or, in Wiener's concept, as a partial antigen 

within a complete agglutinogen. 

The analysis described in the preceding paragraphs has been emplo,yed 

as an explanation of the serological findings with subgroup eW• Race, 

Sanger and Law1wer (1948c) suggested that the ability of either 0 or eW 

erythrocytes to absorb anti-C f CW serums free of both antibodies was due 

to linked antibody having two specific determinant groups on the same mole

cule, one against C and one against CWe The C antigen was pictured as 

evoking anti-C antibody, and as an extra, completely non-specific response, 

anti-OW on the same molecule. Wiener and Gordon (1949), in keeping with 

the agglutinogen hypothesis, state that anti~C t eW serums really contain 

a single kind of antibody. G and OW b~ possess structures of sufficient 

chemical similarity so that certain antiserums can cross-react between them. 

A pure anti-C serl.1m not agglutinating c'wcells nor absorbed by them is eon

side~d evidence that C has a special serological property not possessed 

by Ow. This 5i tuation is analagous to that of' the A:t. and A2 subgroups. 

Both p~ss a component A in common. ~ cells have a special property dis

tinguishing them £rom ~, the latter in turn having another property not 

shared with AI' but common to A2 and 0 agglutinogenso If this idea is 

assumed to be correct j an agglutinogen does not necessarily react as a 

whole molecule, as did the simple antigens of LandsteinerVs experiments. 

This is clearly shown in considering the Rh type I CDe. The agglu.tinogen 

usually induces the formation of pure anti ... D serwn. If the mo1eeule as a 
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whole were involved, the antibody would be expected to be anti-C and 

anti-D simultaneously, or more probably, a cross-reacting kind having an 

identity clearly distinguishable from anti-G and anti-D individually. 

As applied to the D-Du series, the mosaic hypothesis can explain 

many of the data. 'lbe simw. taneous absorption of both D and DU antibody 

b.1 either kind of erythrocyte is indicative of similarity of structure. 

The weaker reactions gi,ven by DU cells could be assumed to be due to the 

reaction of a heterologous antigen with an antiserum having a more distinct 

specificity for the homologons antigen, Do However j if all of the experi-

mental observations were explainable on the basis of a single antibody" it 

would be expected that even the heterologous antigen could eventually ab-

sorb all of the antibody. Here again, the situation stands in a position 

" analagous to that of the subgroups of' A 0 Absorption of an ordinary anti-A 

serum with A2 cells reduces the anti-A titerj but leaves behind an antibody 

residuum specific tor ~J specific in the sense that no visible agglutina

tion of A2 cells can be obtained 0 However, at least some A2 cells can 

remove all of the antibody from an anti-A serum. The quantities of A2 cells 

necessar,y to carr,y out this complete absorption were prodigious, as over 

twenty volumes of erythrocytes" washed and packed, were required to elimi-

nate the antibody from one volume of serumo "What ratios would be required 

for 139 A4, or A, cells are unknown, but it can be imagined that they would 

be much greater& 

No attempt was made in the experiments reported here to determine 

whether all nU ce~ls were capa.ble of absorbing an anti...,D serum completely. 

The data. of Table " however, furnish information that makes it appear 

unlikely that .ma.ny of the specimens tested could accomplish complete 
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absorption.. In this series of tests, approximately 0,,15 .ml of serum was 

removed after each a.bsorption for determination of titer and other tests. 

Some samples required as .m.any as nine to. eleven absorptions before an 

eluate free of anti-D antibody was obtained. In these instances, less 

than 0., ml of' serum remained. The one ml quantity of washed, packed 

cells was used throughout, evan though the serum was steadily decreasing 

in volume" The total volume of erythrocytes was large as compared to. 

the volume of serum and should have been sufficient to achieve complete 

absorption with at least some low~grade cells of groups DU-11 or DU-III. 

Since complete absor~tion could not be obtained with all DU eells, 

it appears reasonable to. assume that the blocking serums used in this 

study contained a population of antibodies having quite distinct specifi

cities toward various DU cells, but all capable of reacting with D eryth

rocytes. The other possibility, that a single antibody is present, seems 

less logical. 

Conceivably, since the formation of antibodies reacting with heter

ologous oells occurs m.ost noticeably after prolonged immunization, the 

broadening spectrum is due to a slow breaking down of the agglutinogen 

metabolically. If the component parts derived from this process were still 

antigenic.? the antibody evoked might be considered as .more homologous for 

DU cells than for the original complete agglutinogen D. 

The serums used in this study were produced as the result of stimu

lation with D e~throcytes, presumably containing a single agglutinogeno 

However, there has been no evidence established to warrant the tacit assump

tion that all agglutinogens thought to be D are exactly alike.. If they are 

not, but possess maqy serological factors in common~ the antibody 
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conglomeration produced against them would var,y in individual specifi

cities. If' the agglutinogen happened to be lacking in a structure pos

sessed b.Y some nU cells, no antibody would be formed against it and no 

reaction with the DU cel1s could take place. Such a hypothesis could be 

employed to explain why serums differ in their abilit.y to detect DU cells 

even though their more obvious characteristics, titer, specificity for D 

cells , avidity, etc., are approximately equal. 

The results found in the cross-reaction experiment tend to confirm, 

in a general way, the idea of a mosaic structure of D agglutinogens, 

with DU cells being more or less complete replicas of the entire agglu

tinogen or portions of it. This is indicated b.1 the larger number of 

positive reactions obtained when serums absorbed with low-grade nU cells 

are tested against those of the same and higher grades; more negative 

tests are found as erythrocytes of increasingly higher grades are used. 

The exceptions to this generalization may be due to inherent technical 

error. For example, two specimens, OLY and RIC, apparently remove all 

antibody against each o'ther from serum HC12, yet their erythrocytes do 

not give identical reactions when tested with other absorbed serums. This 

seeming paradox maybe due to the cells having identical structures in 

parts of their antigenic constituents and quite distinct structures in 

others. The residual antibody left after absorption with eLY cells may 

then combine with the erythrocytes of RIC but produce no visible reaction 

wi th the methods e.mployed. ibis same residual antibody could coneei vably 

agglutinate other nU cells either because of a greater avidity or an in

creased quantity of the particular structure in them. It seems logical 

that a certain .minimum amount ot antibody must be combined with an antigen 
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before aQY obvious agglutination or precipitation will take place, so 

that if particular cells have less than a critical amount of antigenic 

surface of a given kind, they will fail to agglutinate. It should be 

mentioned that the majority of the reactions given in Table 8 were of 

sufficient strength to leave no doubt concerning reading, but some were 

ver.y weak and required judgment for interpretation as positive or nega

tive. Technical difficulties may have tended to obscure the pattern of 

reactivity demonstrated in Table 8 by creating more differences between 

individual samples than really existed. For this reason, the overall pat

tern is deemed to be more significant than the individual variations. 

The concept of serological factors is of value in explaining the 

apparent multiplicity of antibodies formed against moleoules of very sim

ple antigens, but use of the term when referring to more complex antigens 

becomes an exercise in semantics. It has already been noted that parts of 

agglutinogens, e.g., C in the CD combination, may have identical serologi

cal factors in common with the C of Cde and CDE. It is not easy to con

sider them as anything but serologically demonstrable enti ties with the 

same chemical structure. It would follow, then, that the D agglutinogen 

may be looked upon as a mosaic structure composed of many antigenic group

ings or serological factors while DU agglutinogens are more or less com

plete replicas of parts of the overall mosaic of D. The antibodies formed 

in response to the D agglu.tinogen may be formed against the complete mole

cule or component parts of it. In essence, this condenses to the state

ment that linked antibodies .may exist" although the term itself may not be 

a desirable one becau.se of its genetic connotations. DU cells would be 

capable of absorbing from a serum containing such linked antibody any 
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antibody with a grouping reactive with the particular complement of 

serological factors possessed by the nu erytbroc,ytes in question. The 

amount of apparently non-specific absorption would depend on the number 

of antibody molecules reactive for a paricular nU specimen. A~ remain

ing antibodies would be reactive with D and with other DU erythrocytes 

possessing different groupings. The limtations of serological tests make 

it impossible to prove or disprove this concept with any degree of cer

tainty at present. 

Race, Sanger and Lawler (1948b) suggested ver,y cautiously that cer

tain results they obtained with DU specimens indicated a stepwise series 

of additive gradations resulting from mutations. They did not consider 

the concept proved by their work. The material of this thesis confirms 

the idea in general, but different interpretations may be used to explain 

the source of these variations. 

The subgroups of A and P exhibit the. phenomenon of a continuously 

graded series of reactions. The C group of the Rh system is especially 

interesting because of CV which is transitional between two entirely sep

arate serological and genetical groups, C and c. It would seem possible 

to predict that when anti-d serum becomes freely available, some of the 

DU specimens will be found to belong to a similar transitional group 

which might be designated dV
• 

The stepwise gradations .m.ay be only an illusion created by limi ta

tiona of serological techniques, and the true pictnremay be that of a 

smooth transition which could conceivably follow a normal curve. The 

majority of specimens reacting as typical D cellsoould be postulated to 

fall in the middle of the curve, the various gradations or DU making u.p 



67 

one tail of the curve and t! super-Dft with very large nwnbers of serologi

cal factors constituting the other tail. From this it would follow that 

not all D specimens are identical, but contain enough antigenic groupings 

in common to give serologically indistinguishable reaotionS, at least with 

the vast majority of typing serums. 

Theoretical considerations of this kind lead to the conclusion that 

neither the hypothesis of three linked genes nor the multiple allele con

cept is entirely correct. Ifmnltiple allelism exists at all at aqy of 

the Rh loci, it would appear to be associated with the subgroups, while 

the main antigens, C, D and E, represent closely linked genes. JUst as 

plausible for explaining the findings associated with the D sUbgroups 

would be the interaction of genes which would not necessarily have to be 

linked. If each of the postulated interacting genes contributed to the 

production of a single antigenic grouping, but one master gene determined 

the way in which the individual antigens were to be combined in the com

plete agglutinogen, the linkage between C, D and E could be explained 

without recourse to multiple allelism. A second possibility is that the 

agglutinogens are built up in a single metabolic pathway, but that various 

modifying genes altar the normal procedure to produoe incomplete, or sub

group, agglutinogens. Under this hypothesis, recombinations of various 

kinds could be expected; perhaps the case recorded by Race, Sanger and 

Lawler (1948b), in which one member of a family did not show the same kind 

of DU as did the others, is the first example. More definite results may 

come from further investigations in this field. 

After a lapse of seven years, the words of the British group of 

workers, "there is much to be learnt", are still valid. In any event, it 
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seems that no hypothesis with regard to human blood groups should be 

defended too vehementlY until further data are forthcoming. 



SUMMARY 

1. The incidence of detectable Rh intermediate types, collec

tively classified as DU, is estimated to be between 1.5% and 2% for a 

Caucasian population. This is in agreement with the only other reported 

large-·scale investigation. 

20 Absorption of an anti .... D serum with DU erythrocytes usually 

results in lower titers for both D and'Du cells, indicating a degree of 

serological relationship between these agglutinogens. I~~ nU cells can 

remove all anti-D I nU antibody; others leave behind a residual antibody 

or antibodies specific for D and often for other DU cells as well. 

3. Evidence from absorption, elution and titration studies support 

the hypothesis that most nU cells differ qualitatively from each other 

and are also qualitatively different from D erythrocytes. Quantitative 

variations are also observed. In most cases the qualitative aspects are' 

the most prominent'l) 

40 When nU erythrooytes are used as absorbing reagents, failure of 

the absorbed serum to react with the absorbing cells is a poor criterion 

that removal of antibody is as complete as possible with the particular 

cells 0 These cells are usu~lly capable of yielding eluates containing 

anti-D antibody long after the serum gives no visib:te agglutination with 

the absorbing cells. 

50 Suggestions are made for the detection of DU specimens in prac

tical work. The data furnish a reasonable basis for predicting how maqy 

DU samples will be overlooked if single anti-D blocking serums are used 

with various techniques. 

6. The classification of DU specimens into grades based on the 

69 
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least sensitive method required to detect them is made. Probab~ due 

to serological limitations, the method has an error of approximately 

12%0 This is too large to be practicalo It is suggested that in the 

absence of a reliable procedure for classification3 unusual cases in

volving DU antigens should include a detailed description of the sero

logical activity of the DU subtype. 

7. \Jhen serwns absorbed with nU erythrocytes are tested against 

other DU cells, a general pattern may be observed. The serologically 

less reactive samples usually remove smaller increments of antibody than 

do the more reactive ones:; and serums absorbed by them tend to cross

react with larger numbers of DU specimens 0 Conversely J cells of greater 

serological activity are agglutinated more frequently by serums absorbed 

with lower grade cel1s; serums absorbed with cells of higher activity 

show decreased tendency to agglutinate cells of lower order. Erythro

cytes containing ordinary D agglutinogen appear to be capable of remov

ing all antibody from anti-D serums. 

8. It is suggested that the genetical activity at the Rh loci may 

be more complex than indicated by the multiple allele or linked gene 

theories 0 Interaction of genes (quantitative inheritance) or the influ

ence of modifying genes may be more plausible for explaining maqy of the 

serological data o If multiple allelism exists at all, it is probably 

concerned with subgroups at a particular locus. 
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