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NOMENCLATURE OF THE RHESUS TYPING SERA *

J. J. VAN LOGHEM, jr., M.D.

Secretary of the Netherlands Blood Group Research Foundation

In the report of the Advisory Review Board 3 to the Surgeon-General
of the US Public Health Service on the nomenclature of the anti-Rh typing
sera, it has been explained in detail how the two principal nomenclatures,
Wiener's and Fisher-Race's respectively, originated.

It may now safely be assumed that the nomenclatures of Murray,14
Graydon & Simmons 7 and others, based on the use of numbers, and that
of Hirszfeld,9 derived from the ABO system, provide no better solution.
Only the Wiener and the Fisher-Race nomenclatures, therefore, need be
considered further.

Discussions on the nomenclature of the anti-Rh sera arise from a
difference in interpretation of the genetic structure of the Rh genes and the
corresponding Rh antigens. Before going further into the genetic structure
of the Rh genes and antigens, it is desirable to recall briefly some general
ideas about genetics.

All hereditary properties are twofold and are localized in the chromo-
somes which appear in the nuclei of the body-cells. Every nucleus consists
of two series of chromosomes, in man each series consisting of 24, except
in the case of the sex-cells (spermatozoon and ovum), in which only one
series of 24 chromosomes occurs.

Chromosomes consist of thousands of genes and these genes are the
bearers of the hereditary factors. Every gene in the chromosome has a
fixed place (locus). The two genes for a given hereditary property are
situated at corresponding loci on the pair of chromosomes. These two
genes determine together the genotype. The two genes determining the
genotype are sometimes identical (homozygosity), sometimes different
(heterozygosity).

Genes which may occur at the same locus on the chromosome and are
thus very nearly related (e.g., the genes for the colour of the hair) are called
allelomorphs or alleles. It is also conceivable that related allelomorphs
may be found at closely-linked loci on the chromosome. If these loci are
very close to each other, alteration in the genes is possible only by mutation;
but, when there is a certain space between the loci, crossing-over is possible
(see fig. 1).

* Submitted by Dr W. Aeg. Timmerman to the Expert Committee on Biological Standardization of the
World Health Organization. The original version of this paper was published in Dutch in the Ned. Tijd.
Geneesk. 1948, 92, 4227. The present version contains several amendments.
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The hereditary property localized in a certain gene can suppress totally
or partially the characteristics of the allelomorph in the genotype. This is
called total or partial dominance.

FIG. 1. THEORY OF CROSSING-OVER

a b c d

The two lines - and each represent a chromosome, and 0 the locus.
In (a) the genes are close together and crossing-over is impossible ; in (b) the genes are not

close together and crossing-over is possible; in (c) the two chromosomes are twisted round one
another during the stage of meiosis in (d), when they have parted, breaks have occurred and the
broken ends have joined up again. If part of one chromosome joins a part of another chromosome,
crossing-over is said to have occurred.

The suppressed property is called recessive; for example: blood-
group A has two possible genotypes: AA and AO (homozygote and
heterozygote). As factor A dominates factor 0, both genotypes are recog-
nized as A. This is called the phenotype.

The Wiener Theory

Landsteiner & Wiener 10 discovered the Rhesus blood-group, and
distinguished between Rh-positive and Rh-negative blood by using a serum
which, in most white races, produces approximately 85% positive results.
Later, sera giving positive results in other percentages, such as 70 or 30,
were found in individuals immunized by pregnancy or repeated blood-
transfusions. This led to the logical conclusion that such sera, which must
contain different Rh antibodies, must result from different specific Rh
antigens.

The three varieties of antigens, later called by Wiener Rho (85%)
rh' (70%) and rh" (30 %), were sometimes found to exist independently
in the human blood, though more often two varieties were found in the
same sample of blood.

Thus the antigens Rho and rh' are sometimes present together, and
the blood is then said to be of type Rh, or Rho'. When the antigens Rho
and rh" are found together, the blood is of type Rh2 or Rho". When all
three antigens, Rho, rh' and rh", are found together, the blood is said to
be of type Rh1Rh2 or Rhz . Very rarely, antigens rh' and rh" exist together
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in the absence of antigen Rho; this type of blood is described by the symbol
rh'rh" or Rhy I Complete absence of the three antigens is indicated by the
symbol rh.

As a result of the discovery of these different sera the single Rh antigen
has now been subdivided into eight Rh types. The nomenclature of the
Rh types, as worked out by Wiener, has undergone several modifications
which sometimes lead to confusion.19 23

The 8 types are now called: 22
Other symbols used

Rho
Rh, Rho'
Rh2 Rho"
Rh,Rh2 Rho'Rho", Rhz
rh' Rh'
rh" Rh"
rh'rh" Rh'Rh", Rhy
rh Rh-

Rho is written with a capital letter in Wiener's nomenclature, as it is
the most important of the three factors, rh', rh" and Rho. The name Rh,
or Rh2 is occasionally incomplete as these Rh types sometimes consist of
more than one antigen, namely, rh' and Rho, or rh" and Rho. Wiener
considers the series of Rh factors as multiple allelomorphs, by which he
means that, at a given locus on a chromosome, Rh1, Rh2, rh' or rh", etc.
may be found. Thus the genotype of these allelomorphs might be: RjRj
R1R2, Rlr', etc. (see fig. 2).

FIG. 2. WIENER'S THEORY. POSSIBLE GENOTYPES
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The Wiener nomenclature of the Rh typing sera is based on naming
these antisera after the various subtypes (Rho, rh', rh") which cause specific
reactions with the various antibodies. Serum which reacts with subtype
Rho is called anti-Rho; that reacting with rh' is called anti-rh' ; and that
reacting with rh" is called anti-rh".
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Table I shows Wiener's nomenclature and illustrates the various reactions
which may take place between the serum containing one of the three anti-
bodies and the erythrocytes containing the various antigens.

TABLE 1. WIENER'S NOMENCLATURE OF ANTI-Rh TYPING SERA,
SHOWING REACTIONS *

Reactions with sera

Designations of
types Anti -rh' Anti rh" Anti-Rh,,

(70%) (30%) (85%)

Rh......- +
Rh, (Rh,') + - +
Rh, (Rho"). + i +
Rh,Rh2 (Rh,'Rh") + +
rh
rh' +-l-
rh" . . . . . . . .. . + |
rh'rh" . . . . . . + + -

* From Wiener 20

With the help of the three typing sera, anti-Rho, anti-rh' and anti-rh",
the eight subtypes already mentioned may be distinguished. To indicate
the genes from which the subtypes originate, he uses the letter R only
R,, R2, Ro, etc.

The principal genes are Ro, Rl, R2, r', r", and r, and they may give rise
to 21 possible genotypes, corresponding to the eight Rh blood-types 24

Rh blood-types Possible genotypes

rh rr
rh' r'r' and r'r
rh" r"'r" and r"r
rh'rh" r r"
Rho RORO and R°r
Rh, R'Rl, Rlr', Rlr, R'RO and r'RO
Rh2 R2R2, R2r", R2r, R2R0 and r"RO
RhjRh2 R'R2, Rlr", and r'R2

In addition to the Rh factors, the so-called Hr factors have been
described.2' Almost simultaneously, Levine "1 in the USA and Race &
Taylor 17 in England discovered a serum which reacted with Rh negative
and heterozygous Rh positive blood. This serum which reacted anti-
thetically to the anti-rh' serum was originally called anti-Hr serum. Later,
it was specified by Wiener as anti-hr' serum, and in the same way a serum
which reacted antithetically to the anti-rh" serum was called anti-hr"
serum, and a serum antithetic to anti-Rho was called anti-Hro serum.
Thus, the Wiener nomenclature of the Rh sera is: anti-Rho, anti-rh',
anti-rh", anti-Hro, anti-hr' and anti-hr".
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Wiener is of the opinion that his nomenclature is sufficiently elastic to
include newly discovered genes and genes which are as yet hypothetical.
Thus rh"' corresponds to gene Cw discovered by Callender, Race &
Payko.2 A further, as yet hypothetical, gene might be called rh" ".

The Fisher-Race Theory

The nomenclature of Fisher and Race 5 is based upon a totally different
conception of the genetic structure of the Rh factor. Towards the end of
1943 Race had available four sera, viz., the 85 %, 70 %, 30% and 80% sera.

Fisher observed that the 70% and 80% sera behaved antithetically,
supposed therefore that the antigens and genes which could be identified
by these two antibodies had to be allelomorphic, and named them C and c.

The reactions with the two remaining sera, the 85 % and 30 % sera, were

not antithetic, nor was there any connexion with the two sera mentioned
previously. Fisher therefore gave the two antigens (and genes) demonstrated
by these latter sera two different loci: D and E. The letters C, D and E

TABLE II. THE FISHER THEORY IN 1943- I

The antigens and antibodies which were still hypothetical in 1943 appear between brackets.

were chosen in correspondence with the already known blood-groups A,
B and 0. As blood samples sometimes do not react with anti-D, he supposed
that an allelomorph d was also in existence. For analogous reasons there
should be an allelomorph e as well as E. Fisher assumed that these two
hypothetical antigens (and genes), d and e, would be able, in favourable
circumstances, to stimulate the formation of antibodies: anti-d and anti-e
respectively. He also believed that the three genes C or c, D or d, E or e

Antibodies

Genes Antigenic 70 % 85 % 30 % 80 % (65 %) (96 %)structure

anti-C anti-D anti-E anti-c (anti-d) (anti-e)

R1 CDe + + (-) (+)
R2 cDE + + + () (-)
R, cDe .-.... . + + () (+)
R' Cde + (+) ()
R" cdE + + (+) (-)
r cde .-. - + (+) (+)
Rz CDE . (+) (+) + _- (-) (-)

(Ry) (CdE).

Antithetic reactions
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were located close together on the chromosome, as Race had never noticed
crossing-over.

The combinations of CDE and cde shown in table II make it clear
that 8 possibilities or 8 Rh types are conceivable, namely CDe, cDE, cDe,
Cde, cdE, cde, CDE and CdE, the last one not having been discovered
at the time. Soon after the formulation of Fisher's theory, the anti-e serum
was discovered by Mourant.12 Thus, one antiserum, predicted by Fisher,
has been found. Diamond 4 demonstrated the existence of an anti-d serum
in 1946, and this was confirmed by Haberman, Hill, Everist & Davenport
in 1948.8

Recently the subtype CdE (R y ) has been found' and, with this discovery,
all the predictions of the ingenious Fisher-Race theory have come to
complete fulfilment, a fact which strongly supports the correctness of
their ideas.

Table III, adapted from Race, Mourant & Callender,'5 gives the situation
in 1943. Within the black frame, the reactions known at that time are
shown ; outside it, the reactions which might be expected from Fisher's
theory are indicated. The reactions still serologically unproved are
placed between brackets.

TABLE 111. THE FISHER THEORY IN 1943 - II

Genes R1 R2 r Ro R" R' Rz Ry

Antigenic
structure CDe cDE cde cDe cdE Cde CDE CdE

Antibodies

Anti-C.- - + +
Anti-D.±+ + . + - + (-)

Anti E .-.... + - + + (+)

Anti -c + + ++-)

Anti-d. (-) (-) (+) (±) (+)

Anti-e .±...-.+ ± + - -

The reactions known at this time are shown within the black frame * those outside this frame
are the ones which might be expected from Fisher's theory; the reactions still serologically uin-
proved appear between brackets.

Thus, the stage has now been reached at which all the reactions given
in table III, and thereby all antigens and antisera, have been demonstrated.
It may be expected, from the Fisher-Race theory, that the genotypes which
occur frequently may sometimes produce rare genotypes by crossing-over,
that is, when the genes on the chromosome are not too closely linked
to prevent this. Although crossing-over has never been demonstrated
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with certainty, Fisher & Race 6 found support for this supposition in the
following data: 54% of the English population has one of the three
following genotypes: CDe/cde (R,r) (33 %), CDe/cDE (R1R2) (11 %),
cDE/cde (R2r) (10 %), while on the other hand, genotypes in which cDe (RO),
Cde (R') and cdE (R") occur are very rare. Starting with the frequent
genotypes CDe/cde (R,r), CDe/cDE (R1R2), and cDE/cde (R2r), the
crossings-over shown in fig. 3 may be conceived.

In these crossings-over, it may be expected that the gene cDe (RO)
appears in all three cases, i.e., crossing-over of CDe/cde (Rlr) gives
cDe/Cde (ROR'), that of CDe/cDE (R1R2) gives cDe/CDE (ROR,,) and
that of cDE/cde (R2r) gives cDe/cdE (ROR") (see fig. 3).

FIG. 3. FISHER'S INTERPRETATION OF CROSSING-OVER
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Consequently, the frequency of cDe (RO) must be very much the same
as that of Cde (R'), cdE (R") and CDE (R.) together, which tallies with
the percentages found for the three last-mentioned genes. With these
crossings-over, CdE (Ry ) is not found, which might perhaps be interpreted
as the cause of the extreme rarity of this gene. However, it is conceivable
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that the rarer genotypes, such as CDe/cdE (R,R") or cDE/Cde (R2R'),
may produce CdE (R ) That is to say, CdE (Ry) is the result of a
double crossing-over.

The ratio of the frequency of the chromosome R" to the frequency of
its parent heterozygote R2r is much higher than that of R. to R1R2 or R'
to Rlr. Therefore Fisher suggests that the distance between the genes D
and E is greater than that between C and E or between C and D, and the
order should be probably DCE (Race 14a).

Gradually new allelomorphs have been found. Race, Mourant &
Callender 15 found a third allelomorph at the Cc locus, called Cw (r"'
according to the Wiener nomenclature). Race, Sanger & Lawler 16 have
recently described the fourth and fifth allelomorphs at this locus, namely
Cu and cv, so that, in all, five allelomorphs of the original Cc locus, viz.
c, cv, C, C' and Cu are now known. Stratton'8 found a third allelomorph
for the Dd locus, called Du . It may be expected that in the future the
number of allelomorphs at the respective loci will grow constantly.

Discussion

Thus the differences in the Wiener and the Fisher-Race nomenclatures
result from the difference in interpretation of the genetic structure of
Rb genes, as is shown in fig. 4 and table IV.

TABLE IV. NOMENCLATURE OF THE Rh TYPING SERA, ACCORDING TO (a) WIENER
AND (b) FISHER-RACE

Rh typing sera
White races |.-

bloods
positive (a) (b)

Wiener Fisher-Race

70 % anti-rh' anti-C
85 % anti-Rh, anti-D
30 % anti-rh" anti-E
80 % anti-hr' anti-c
65 % anti-Hr. anti-d
96 % anti-hr" anti-e

In any discussion on which of the two nomenclatures should be
preferred, the following points must be considered:

Objections to the Wiener nomenclature

1. In Wiener's nomenclature, the antigens present in the Rh subtype
are not always specified completely and the genotype name still less so.
Rh, and Rh2 for example need not be single antigens; they may consist
of two antigens, namely, rh' and Rho and rh" and Rho respectively.
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2. Wiener's nomenclature also lacks the possibility of giving allelo-
morphs such as C', cv, DU, etc. their specific location in the genetic con-
struction. The name rh"' provides no indication of the relation between
rh"' on the one hand and rh' and hr' on the other hand, whereas Cw etc.
shows clearly that this gene (and its corresponding antigen) is an allelo-
morph at the Cc locus.

As it is quite conceivable that the number of allelomorphs known
will grow continually, the Wiener nomenclature is less satisfactory than
the Fisher-Race nomenclature in localizing all new allelomorphs.

Advantages of the Wiener nomenclature

In the author's opinion the advantages of the Wiener nomenclature
do not outweigh those of the Fisher-Race nomenclature. It might be
said that, from the point of view of use in speech, the Wiener nomenclature

FIG. 4. GENETIC STRUCTURE OF Rh FACTOR, ACCORDING TO (a) WIENER
AND (b) FISHER-RACE

(a) (b)
Multiple allelomorphs Three pairs of closely linked genes

R1, or
C or c (now extended with cV, Cw, Cu)

R. or

R. or

r' or D or d (now extended with Du)
r"' or

r'or
E or e

r

- = chromosome * = locus

is preferable, as the detailed letter nomenclature of Fisher is not very
suitable for this purpose. The argument in the report of the Advisory
Review Board,3 that the Wiener nomenclature was the first to be evolved
and should therefore have priority, is not very convincing.

Objections to the Fisher-Race nomenclature

1. The manner of writing C-c, D-d and E-e gives rise to the idea that
the genes in capitals totally dominate the antigens written in small letters.
This is not quite so ; it means only partial domination.'3 For this reason,
Moureau (personal communication) has proposed replacing the small
letters by C', D', E' etc.
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2. It is uncertain whether crossing-over, though theoretically conceivable
because of the differences in the frequency of the chromosomes R1, R2 and
r on the one hand and Ro, R' and R" on the other hand, is possible.
This need not be an argument against the representation of three pairs
of closely connected genes, as the crossing-over depends on the location
of the respective genes on the chromosome.

Wiener's objection to the Fisher-Race hypothesis, based on the fact
that in other races (negroes) the gene Ro is frequent whereas R1 and R2
are rare, is debatable. In these races, rare genotypes might arise from the
frequent genotypes in the same way ; the results, however, will be different.

Advantages of the Fisher-Race nomenclature
1. With this nomenclature the antigen and the genotype are always

fully indicated and so is the antibody. This is not the case with the Wiener
nomenclature as the anti-Rho serum reacts with Rh, and Rh2 as well,
while anti-D serum indicates that this serum reacts with D-antigen only.

2. Fisher's hypothesis, evolved in 1943, of the three pairs of closely
linked genes, with the prediction of the gene or antigen (CdE or Ry), then
undiscovered, and two antisera (anti-d and anti-e), has come completely
true. This strongly supports the correctness of his theory.

3. The genetic structure shown by the Fisher-Race nomenclature
clarifies the gene-structure, the genotypes and the antibodies, and can
therefore easily be understood and applied.

4. Allelomorphs as yet undiscovered would fit very well into this
nomenclature, which also establishes the relation of new allelomorphs
to those already known, such as the allelomorphst C", Du anAd c . The
Fisher-Race nomenclature allows the genotype to be shown completely,
e.g., CwDue/cvde.

Although it is still uncertain which of the two theories is correct, it is
highly probable on serological grounds that preference should be given to
the Fisher-Race nomenclature especially as it is more easily applicable
to genetical and serological investigations than that of Wiener.
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