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UP TO THE PRESENT TIME, only a few studies have been carried out on the
Rh-Hr types' of anthropoid apes, all limited to chimpanzees (Wiener, 1952;
Wiener, Gavan, and Gordon, 1953; WX ener and Gordon, 1961; Wiener, Bald-
win, and Gordon, 1963). These investigations on a total of 37 chimpanzees
showed the red cells of every chimpanzee to have the blood factors Rh, and
hr', and to lack the factors rh', rh", and hr". Thus, all chimpanzees tested
were of the same Rh-Hr type, to which was assigned the symbol (Rh.,)'".
In the course of our recent investigations in the blood groups of primates,
the opportunity presented itself to extend the studies on the Rh-Hr types
to a larger series of chimpanzees as well as a series of gibbons and orangutans
and one gorilla maintained at Yerkes Regional Primate Research Center,
Orange Park, Florida. A preliminary report of the findings has been prepared
(Wiener and Moor-Jankowski, 1963). The purpose of this report is to present
the results of these studies in detail.

MATERIALS AND METHODS

For information regarding the immunogenetics of the Rh-Hr blood types
and their nomenclature, one should consult Wiener and Wexler (1958, 1963).
The techniques used for testing for the various Rh-Hr blood factors were
described by Wiener and Gordon (1961). The method of collecting and pre-
serving the blood samples of nonhuman primates has been described in de-
tail in previous papers of this series (Moor-Jankowski, Wiener, and Gordon,
1963a; Wiener, Moor-Jankowski, and Gordon, 1963). The present study in-
cludes a series of 44 chimpanzees, nine gibbons, ten orangutans, and one
gorilla. The ABO groups, secretor status, Lewis types, and MN factors of
these animals were described in previous papers of these series (Wiener,
Moor-Jankowski, and Gordon, 1963; Moor-Jankowski, Wiener, and Gordon,
1963a, b).
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3To avoid ambiguity, symbols for blood factors and their corresponding antibodies are

printed in boldface type, symbols for genes and genotypes are printed in italics, while
symbols for agglotinogens, phenotypes, and blood group systems are printed in regular
type.
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]RESULTS

In Table 1 are shown the reactions of red cells of apes with various Rh-
Hr reagents in comparison with the reactions of human red cells of known
Rh-Hr blood types. The red cells of all 44 chimpanzees gave indistinguishable
reactions with these reagents, so that only four are shown as typical in Table
1. As in previous stsidies, the chimpanzees proved to have the blood factors
Rh,, and hr' and to lack the blood factors rh', rh", and hr". Thus, every one
of these 44 chimpanzees belongs to type (Rb,,)ci When these findings are
combined with our previous observations, a total of 81 chimpanzees have
been tested by us to date, all of the same type, (ihs,,)c

In contrast, the red blood cells of all nine gibbons failed to react with the
onti-Rh,, reagents. They did react with anti-hr' sera but not, or only feebly,
with anti-rh', anti-rh", or anti-hr" sera. Thos, gibbon red cells apparently
have only blood factor hr' and therefore may be assigned the symbol (rY)c".
The blood cells of the ten orangutans shoswed definite cloomping only with

the alt'-Rh,, and anti-hr' sera, although the intensity of the reactions
was not as great as that of the human red cells used as standards. The blood
cells of the gorilla also gave distinct agglotination only with anti-Rh,, and
inti-hr'. On the other hand, red cells from a Java monkey failed to chimp in
any of the Rh-Hr sera tried.

In order to verify the specificity of the reactions observed, the tests sere
iepeated by the titration method (cf. Table 2). In the gibbons, no distinct
clomping was observed with anti-Rh,, reagents having titers as high as 500
units for human Rh+ red cells. In contrast, anti-hr' reagents reacted to al-
most the same titer with gibbon red cells as with human red cells having the
hr' factor. Rh-Hr antisera of other specificities did not clomp gibbon red
cells. These results unequivocally confirm the classification of the blood of
these gibbons as type (oh)Gi.

In the orangutans, the situation is not as clear (cf. Table 3). First, some
blood specimens reacted weakly with the anti-rh' and anti-hr" reagents, but
these irregular weak reactions probably can be discounted. (See Moor-Jankow-
ski, Wiener, and Gordon, 19i63a.) The fact that an antiserum bears the label
anti-rh', for example, does not mean that every weak clumping produced by
the reagent is doe to its anti-rh' antibody, since other antibodies generally
are also present. The positive reactions of anti-hr' and anti-Rh,, with orangutan
blood appear to be significant, however. The titers for orangutan red blood
cells are considerably lowver than those for human red cells, bht this can mean
that the Rh,, and hr' factors of orangutan blood do not resemble the cor-
responding factors of human blood as closely as do those of chimpanzee red
cells. Findings in the single gorilla tested indicate the presence of blood
factors Rh,, and hr' in the red cells but not factors rh', rh", or hr" (cf. Tables
1 and 3). The titers of the gorilla are intermediate between those of chimpan-
zee and gibbons and those of orangutans.
The specificity of the reactions of the anti-Rh, and anti-hr' sera with

chimpanzee red cells was examined further by means of absorption experi-
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TABLE 1. RESULTS OF TESTS WITH RH-HR ANTISERA ON RED BLOOD
CELLS FROM CHIMPANZEES, GIBBONS, ORANGUTANS,

A GORILLA, AND A JAVA MONKEY
The strength of the reactions is indicated by the number of plus signs, +++ being

the strongest reaction possible, one large clump of cells.
Raeations with H,

R-ntion-dwth Rh anti..,rnt anti.-r

Anti-r-hlAnti-rh" Anti-Rh. Anti-!,rt Anti-hrsw
Serum Serum Serum Serum Serum Seru. Sru
No. I No. No. 3l No. No. 6 No. 6 No. 7
saline:* ficint saline: ficin &icit ficin ficint

CHi M-AN.-:

Wendy4 - ++T +
Alpha Ch 28 t. ++
Soda Ch 12++ ++
Alf Ch 59 St. +++ +++

GIBBONS
Hylobatea I.,
B-rmD I, + + +
Charlie + _ _ _ _ +++t
Viht + ++o+
S... + _ _ _ _ ++
Thai + - - - - ++
Becky + tr. - - - +++L
But + + - ++-0 +-F 0 -
Kerry - tr. - - + +++

Hylobat.. pil-at..

R-NR +++0tr.-00 +
Porgo pyg..e..

Lipis OR I to + -oi+ + ++o
KoIo.OR 2 - tr. - - ++ ++o
S-mpitOR 3 - +t - - ++ ++ tr.
Kitchi. OR 4 - + - - ++! ++ +
L..bak OR 6 - tr. - - ++ +
Sy. OR 6 + + tr. - ++ +
Bag.. OR 7 tr. + - - ++ +
Dj..bi. OR 8 tr. + - - + ++ tr.
SNngo OR 10 o to - - ++++oo
Sibu OR 12 L! + - - + + ++ -

a. gorilla g.oriMa
Mary L.. tr. - - - ++ ++

JAV1A .40N.. - - -

MAN.cntos
Nomo ..pi...
Rhooh ool + +++ - - +++ ++d +++

Rh,Rh2,o d-++ +++ - - +T0 -l +++
Rh--rh - + + ++ ++4l- +++t
Rh:Rh2 + + + +
rh - - - - - ++ ++

-A total of 44 chimpanz- vere tested, all of which gav the am re.ctions. Of these 44, only
four -r shown in the tabl. for purpose of illustra.tio..
tSerum No. 1 is a blocked ..ti-Rh., .erum, and seru No. 3 is a blocked ..ti-Rh.1 seru. Seru

No. 2 is a pure ..ti-,hw erm and Seru No. 4 is a pure ..ti-,h" -eru.
M.h wea.k reactions (ftr., +t, +) in th-eseclumns are not -onist..tly reproducible and are, ther-

fore, discounted as du. to presece in the -egents of -ek, nonpecific het.roagglutini.. for non-
human primate red -ell..
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TABLE 2. RESULTS OF TESTS BY THE TITRATION METHOD FOR
T 4ERl-HR FACTORS ON THE RED CELLS OF GIBBONS

Dimerehncn mcti by fisal besthod vith
Tit,-s by ficn method with

Anti-,h' __
Aati-ph) Asti-shle + the Anti-h ,a ABti-Rhr Asti-here
Sereu Svad0 Seof Ster Sritvt StimSa-tisSera1 t
Nf.2 No. 4 Nc. aNe.7 Nr 5t NT. 9i Ns. 6 Ne 10

g2lotBilfcs for cipaaerdctswo ih epeeti hs na

Burma~~~~~~~~~~~~~~~~~~V / 0 44 89

Chal lie- - - - ~~~~~~~~~~~10 96 192
viet - - - t8 "X;
Suma - - !', 0 54 X8
Thai - - - - 0 0 80 4Y
Becky - 0 60 "(i
MUtt - _ 1,.', 1 '96 1'28
K-rly - - - - 0 0 88

Hylobelt,-, litletu
IWdo t a - - s - 17 r128

MANI (-~t-6I)

TleRh:,Rh- - 50e+1- 6}1) 350 214 214
Type RhRh, -, Z-+ +++L 320 500 0 0

TEetah - - -the 0 21425tn

aThr tit-ng it isthe any the highest dilhtihagiviRg+ sera aotionn be
aithationly lle ap n ec ot he eacd point w tivited byiotipoleti.Diffraen ne ih tit

Riposit ive dil clls Tho all tipxo-in,a thitR siati inttedth whavh as-fo-
thed ontinedat lastid sisd osgaifianst.

fThaweas kse-ties iithes celm san th other iatdve tor k,t paifnhredtelo-
aglotihins thresthat ThbleRh,,

ments. (When additional mate ial becomes available, it is planned to ex-
tend these absorption experiments to the red cells of the other anthropoid
apes). As shown in Table 4, when the anti-Rhl,, and anti-hr' sera wvere ab-
sorbed with ficinalted human red cells having the corresponding blood factors,
there Nvals a reduction or elimination of the reactivity of the antisera Lot onlv
for human red cells bult also for chimpanzee red cells. This is further evi-
dence that the reactions of these antiserua with chimpanzee red cells are dtle
to their Rh,, and hr' antibodies rather than to any species specific heteroag-
glutinins for chimpanzee red cells which might be present in these human
sera. When the anti-hr' sera wvere absorbed with ficinated chimpanzee red
cells there wvas a reduction in titer for htlmall as wvell as chimpanzee red
cells, and the results with the twvo reagents tried (7 Gav. and 8 Rin.) sug-
gest that chimpanzee and human red cells were almost equally efficient in
absorbing the antibody. In the experiments with anti-Rh,, sera, absorption
with chimpanzee red cells removed the reactivity for chimpanzee red cells
with only little apparent effect on the reactivity of the reagents for human
Rh,,-positive red cells. Thtls, all six human anti-ih.. sera tested behaved as if
they contained at least twvo kinds of Rh,, antibodies, one reactive for chimpan-
zee as wvell as human red cells and the other reactive for human red cells
alone. This proves that the Rh,, factor, or factors, of chimpanzee red cells is
different from the Rh,, factors of human red cells.
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TABLE 3. RESULTS OF TESTS BY THE TITRATION METHOD FOR THE RH-HR
FAcTOBS ON THE RED CELLS Or OBANGUTANS AND A GORILLA

Titer by fiein method with

Anti-rh, Anti-rhl Anti-hre Anti-Rh.
Seru Seru Seru Seru Seru S.-
No. 2- No. 4- No. 6 No. 10 No. 6 N.. 9

ORANGUTANS
Pongo pygsneus

Lipis OR 1 3 2 6 12 14 5
Kuala OR 2 2 0 7 4 22 6
Sampit OR 3 3 3 6 12 24 5
Kitchie OR 4 1 0 6 10 11 4
Lemback OR 5 0 0 2 2 5 2
Sya OR 6 '4 0 6 8 6 3
Djambi OR 8 s 0 3 3 6 3

GORILLA
G. gorilla gorilla
Mary Lou 0 56 48 22 12

Controls
CHIMPANZEES
Pan satyrus

Jenda Ch 188 0 0 48 44 96 96
Boka Ch 200 0 0 28 40 96 160

GIBBON
Hylobates lar

Becky 'l 0 96 44 1 0

MAN
Rhrh 16 0 56 96 214 214
Rh2rh 0 64
rh 0 0 0 0

RhlRh, 0 0
The weaker reactions in these columns are not consistently reproducible, and are dis-

counted as due to weak nonspecific heteroagglutinins in the reagents.

DISCUSSION

At the time of our first studies on the Rh-Hr types of chimpanzees (Wiener
and Wade, 1945), the conglutination, anti-globulin, and proteolytic enzyme
techniques had not yet been perfected, and only reagents active by the
saline agglutination method could be used. With the aid of an exceptionally
potent anti-hr' agglutinating serum, it was shown that each of ten chim-
panzees was hr' positive but the red cells failed to clump with the anti-
Rh, agglutinating serum available at that time. Chimpanzee cells also failed
to react with anti-rh' and anti-rh" sera, and these results were interpreted
to mean that all ten chimpanzees were type rh, especially since chimpanzee
red cells absorbed the anti-hr' agglutinins but not the anti-Rho agglutinins.
Mourant and Race (1946) repeated the experiment and also found that
chimpanzee red cells absorbed anti-hr' but not anti-Rhs, anti-rh', or anti-
rh" agglutinins. In subsequent investigations, however, it was found (Wiener,
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TABLE 4. RESULTS OF ABSORPTION TESTS WITH CHIMPANZEE AND HUMAN RED
CELLS OF ANTISERA OF SPECIFICITIES ANTI-Rh,, AND ANTI-hr'

Tit-rsF f Titers f-
sera bsorbed with --a bsobe~d with

Titers of,.unbore hi-p.ne cells and huacelan

Speifiity of H... Chimsssze- Hman Chimpanzee Huma Chi-P.nzee
Lot N.. antiseru ed cells red cells red cell dcll dcel d cell

1. And. AntiDRhO 56 52 80 2 3 0
2. Roth Anti-Rho 300 8( 235 6 92 23
3. Swiat. Anti-Rh( 112 37 128 7 8 7
4. Schw. Anti-Rho 40 16 40 00 0
o. Lougls Anti Rho 28 14 40 2 0
6. Bud Anti-Rho 112 31 64 15 2
7. Gav. Anti-hrD 64 26 7 2 (
8. Rin. Antithrl 88 128 48 28 18 17

'Each serum was absorbed with an equal volume of ficinated red cells. Titrations are

against ficinated red cell suspensions. The titer values given are the average in sost cases
of two titrations for Imm15,tan red cells and three titrations for chistpatntee red cells.

Gatat, and Gordon, 1953) that fictinated chitpanzee red cells are strongly
clumped by all atti-RhK, as well as anti-hr' aittiseia bttt not by anti-rh',
anti-rh", or anti-hr" sera. Moreover, as shown by the qsattitative antiglobulin
technique, chimpanzee red cells can be coated with Rh,, and hr' antibodies
in saline media as heavily as human red cells having the corresponding
blood factors. These observations wvere confirmed by Butts (1953), Wienet
and Gordon (1961), and Wie5er, Baldwin, and Gordon (1963) and have
been extended still further by the present study on 44 chimpanzees. To date,
more than 80 chimpanzees have been tested by us (not counting the ten of
the original study of Wiener and Wade, 1945), and all hate been found to
hate blood factors Rh,, and hr' but to lack rh', rh", hr". Thus, the recent report
by Eyquem, Podliachouk, and Millot (1962)-that in one series of 10
chimpanzees only one had the D(Rh,,) antigen while in another series D(Rh,)
was found in only 8 of 13 ehimpanzees-does not conform to our extensibe
experience.
The Rh, factors of chimpanzee blood are different from the Rh,, factors of

human blood, as proved by the absorption experiments described in the
present paper, as well as observations of Wiener and Gordon (1961) using
anti-rhestLs guinea pig sera. To date, individual differences with respect to
the Rh-Hr types have not been found among more than 80 chimpanzees
tested. The svmbol Rho0s was suggested by Wiener and Gordon (1961) to
represent the Rh-Hr type characteristic of chimpanzees. The type ()Rho)e"
has its counterpart in man, but in man the type Rh,, is extremely rare and
has been found so far only among Negroids (Wiener, Gordon, and Cohet,
1952). In the symbol Rh,,5" the bar above the R represents the absence of
the pair of contrasting factors rh" and hr", and one must also bear in mind
that the Rh,, factors of chimpanzee blood are not identical with the Rh,,
factors of human blood. Moreover, although in tests tip to the present time
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the hr' factors of chimpanzee and human blood have given similar or identical
reactions, the possibility is not excltded that anti-hr' reagents may be found
which can show them to be different.

If the Rh-Hr agglutinogens of chimpanzees are determined by genes homol-
ogous to those which determine the Rh-Hr agglutinogens in man, then, in
conformity with Wiener's (1943) theory of multiple allelic genes, it can be
postulated that all chimpanzees are homozygous for a gene R~c which de-
termines the corresponding agglutinogen RhPI" having the serological specif-
ities Rh, (similar to, but not identical with, Rh, of man) and hr', but lacking
rh', rh", and hr". Thus all chimpanzees may be assumed to be genotype
R-OhRIOIh

It is of interest that the Rh-Hr blood factors, which determine such a
variety of phenotypes in man, determine but a single phenotype among the
many chimpanzees we have tested. Whatever may be the reason for this lack
of polymorphism, it would appear that erythroblastosis fetalis caused by iso-
sensitization to the Rh-Hr blood factors is a problem with which chimpanzees
do not have to contend.

In contrast to the findings in chimpanzees, all nine gibbons tested in the
present investigation belong to the single phenotype (rh)"', that is, their red
cells have the blood factor hr' but lack Rho, rh', rh", and hr". Dsse to limita-
tions of material, the results of the hr' tests have not yet been confirmed by
absorption experiments, but the similarity in titer of anti-hr' reagents for gib-
bon and human red cells leave little doubt that gibbon cells really have a
factor related to the human hr' factor.
The red cells of the ten orangutans tested, like the red cells of chimpanzees,

appear to have the two factors Rh. and br', but the relatively low titers
obtained with the antisera indicate that the blood factors must be quite dif-
ferent from the corresponding factors of chimpanzee and man.
The red cells of the single gorilla tested also had both Rh,, and hr' factors,

with titers intermediate between those of chimpanzees and orangutans.
Therefore, according to the degree of resemblance of the Rh-Hr reactions
to those of man, the apes could be arranged in the order: chimpanzee, gibbon,
gorilla, and orangutan. As pointed out in the previous papers of this series,
the order in which the apes could be arranged varies depending on the
characteristic used as the basis for comparison; bet, in all tests, chimpanzees
consistently take the position closest to man.

SUMMARY

A total of 44 chimpanzees, ten gibbons, nine crangutans and one gorilla
have been tested for the Rh-Hr factors, Rh,, rh', rh", hr', and hr". The present
findings combined with our previous resllts now comprise a total of 81
chimpanzees tested and show all to be of the identical type (Rh,,)c0", viz.
with red cells having factors Rh, and hr' but lacking rh', rh", and hr".

In gibbons, in contrast, the single type (Ah)0' exists, namely, the red cells
have only factor hr' and lack the other four Rh-Hr factors. The red blood
cells of orangutans and of the gorilla tested appear to have the two factors
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Rh,, and hr', but the reactions are of lower intensity. The significance of these
findings is discussed.

ACKNOWLEDGMENTS

Th,,- tests carried ollt in the Serological Laboratories of the Chief Medical Examiner
of New York City were aided in whole by U. S. Phblic Health Service grant GM-09237-02
frons the National Institotes of Health. The authors are greatly indebted to Dr. Willard
H. Eyestone, Clief, Animal Resources Branch, National Institutes of Health, for having
facilitated the comparative study of blood groops in primates maintained at the Regional
Primate Research Centers. They wish gratefully to acknowledge the help of Dr. Geoffrey
H. Bourne, Director, Yerkes Regional Primate Research Center, Emory University, who
arranged for the sampling on the anthropoid apes reported in this paper, and of Dr.
Charles M. Rogers who helped in collecting blood and saliva frou these animals. Mr.
Charles B. Gothrie, Jr., National Institute of Dental Research, and Misses Pat Ryan,
Dina Santana, and Sybil Gordon, Office of the Chief Medical Examiner of New York
City, assisted in the performance of the tests. Parke, Davis and Company kindly sspplied
"Sernylan," naking possible the handling of large numbers of animals.

REFERENCES
BUTTS, C. A., 19.53. Hesagglstinogens of the hoimpanee. Aser. J. Peys. Anlsrop. n.s.

11: 215-224.
EYQUEm, A., PODLIACHOUK, L., AND MILLOT, P. 1962. Blood groups inshiupanzees,

horses, sheep, pigs and otherr aomals. Ann. N. Y. Acad. Sci. 97: 320-328.
MooR-JANKoWsKn, J., WIENER, A. S., AND GORDON, E. B. 1963a. Blood groups of apes

and monkeys. I. The A-B-O blood groups inbahoons. Transfision 4: 92-100.
MooR-JANKoWsKI, J., WIENER, A. S., AND GORDON, E. B. 1963b. Blood groups of apes

and monkeys. tII. The M-N blood factors of apes. Folia Primatol. (In press)
MOURANT, A. E., AND RACE, R. R. 1946. The Rh system in the chimpanzee. Science 104:

277.
WIENER, A. S. 1943. Genetic theory of the Rh blood types. Proc. Soc. Exh. Biol. Med. 54:

316-319.
WIENER, A. S. 1950. Letter to the editor. Blosd 5: 693-694.
WIENER, A. S. 1952. Blood group factors in anthropoid apes and monkeys. I. Studies on

a chimpanzee, "Pan." Amer. J. Phys. Anthrol. n.s. 10: 372-375.
WIENER, A. S., BALDWIN, M., AND GORDON, E. B. 1963. Blood groups of chimpanzees.

Exp. Med. Serg. 21: 159-163.
WIENER, A. S., CAVAN, J. A., AND GORDON, E. B. 1953. Blood group factors in anthropoid

apes and monkeys. II. Further studies on the Rh-Hr factors. Amer. J. Phys. Anthrop.
n.s. 11: 39-45.

WIENER, A. S., AND GORDON, E. B. 1961. The blood groups of chimpanzees: The Rh-
Hr (CDE/cde) blood types. Amer. J. Phys. Anthrop. n.s. 19: 35-43.

WIENER, A. S., GORDON, E. B., AND COHEN, L. 1952. A new rare rhesus agglutinogen.
Auer. J. Hum. Cenet. 4: 363-372.

WIENER, A. S., AND MoOR-JANKOWsKI, J. 1963. Blood groups in anthropoid apes and in
baboons. Science 142: 67-69.

WIENER, A. S., MOOR-JANKOnsKi, J., AND GORDON, E. B. 1963. Blood groups of apes and
monkeys. II. The A-B-O blood groups, secretor and Lewis types of apes. Amer. J.
Phys. Anthrop. (In press)

lENER, A. S., AND WADE, M. 1945. Tlle Rh and Hr factors in chimpanzees. Science
112: 177.

WIENER, A. S., AND WEXLER, L. B. 1958. Heredity of the Blood Crops. New York: Grune
& Stratton.

WIENER, A. S., AND WEXLER, I. B. 1963. Rh-Hr Syllabus, 2nd Ed. New York: Grune &
Stratton.

253


