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Classics in Indian Medicine

Y. M. Bhende
(27 September 1911–2 December 1998)

Dr Y. M. Bhende was born on 27 September 1911. He graduated from Grant Medical
College, Bombay (now Mumbai) in 1935 and did his MD in General Medicine in
1940. Subsequently, he completed his MD in Pathology from Seth G.S. Medical
College and K.E.M. Hospital in 1945. He joined Seth G.S. Medical College as
Assistant Professor in the Department of Pathology in 1945 and went to England
in 1947 on a Nuffield Research Fellowship.

In 1952, Dr Bhende along with his co-authors published a paper in The Lancet
proposing a new blood group—the Bombay blood group. This was based on their
research work over the previous few months. In December 1951, a patient had been
admitted to K.E.M. hospital after a railway accident. He was found to be O-positive
but on cross-matching his serum agglutinated all O group cells. Plasma was
transfused. Later, the patient was found to be MNO-positive and his serum, when
tested against known O group cells, showed that the antibody was independent
of the MN and Rh systems. Two weeks later, in January 1952, another patient was
found to have a similar grouping reaction. Moreover, cells and sera of these 2
patients were compatible with each other.

The similarities between the 2 cases prompted Bhende and his colleagues to
work on the problem with collaborators abroad, resulting in the concept of the
Bombay blood group.

Dr Bhende was transferred to B.J. Medical College, Ahmedabad in 1952 as
Professor of Pathology. Later, he was transferred to B.J. Medical College, Poona
(now Pune) as Professor. He was Dean of B.J. Medical College and Sassoon
General Hospital from 1968 to 1969, when he retired.

His areas of interest included the pathology of anaemia, amyloidosis and blood groups. He wrote, along with Drs S. G. Deodhare
and Y. M. Kelkar, a textbook of pathology, which is now in its sixth edition.

Dr Bhende passed away on 2 December 1998.

A “NEW” BLOOD-GROUP CHARACTER RELATED TO
THE ABO SYSTEM

Two examples of blood possessing a hitherto
unrecognized blood-group character related to the
ABO system were found within the space of a few
weeks in the department of pathology and bacteriology
of the Seth Gordhandas Sunderdas Medical College,
Bombay. Patient X was involved in a railway accident;
patient Y was admitted with a stab wound in the
abdomen. Both patients needed transfusion and
both were apparently group-O, but the serum of each
agglutinated the red cells of 35 group-O Indian
donors available for the direct compatibility test.
Subsequently 80 more Indian group-O red-cell
samples were tested with the same result. Plasma
and not blood was therefore transfused.

A third example was subsequently found in the
blood of a donor, Z, presenting himself for his first
donation; this was the result of a deliberate search.
None of these three men, all of whom are Indians,
had been previously transfused.

The serum from each of these three men was
found to contain anti-A, anti-A1, anti-B, and anti-H,
antibodies which account for the agglutination of
red cells of all “ordinary” ABO groups. So far the only
red cells not agglutinated by these three sera are
those of the three men from whom the sera came.

These are by far the most powerful examples of
human anti-H so far reported; they are also the first
examples to come from persons superficially

[Reprinted with permission from Elsevier (The Lancet 1952;1:903–4).]



265THE NATIONAL MEDICAL JOURNAL OF INDIA VOL. 21, NO. 5, 2008

belonging to group O. It should be said that there
are two types of antibody which agglutinate O and
A2 cells preferentially: one of them can be inhibited
by secretor saliva and is called anti-H; and the
other is not inhibited and is called anti-O.1 There is
considerable evidence, however, that not all sera
classified as anti-O are of the same specificity, and
it is not known which if any, of these sera react
specifically with the product of Bernstein’s O gene.

The following evidence for the identity of the
anti-H agglutinin relates for simplicity to the serum
of patient X, which was the more exhaustively
investigated, though all the critical tests were
applied also to the serum of Y and to that of Z.

The serum was titrated against the red cells of
37 group-O English people selected to reveal the
presence of the following antibodies, or mixtures
thereof: anti-M, –N, –S, –s, anti-P, anti-C, –c, –Cw,
–D, –d, –E, –e, anti-Lua, anti-K, –k, anti-Lea, –Leb,
Anti-Fya, –Fyb, and anti-Jka. The fact that all the cell
samples were agglutinated to the same degree
(antibody titre 128 to 256) strongly suggested that
we were dealing with a single antibody which was
not one of the above; this was further supported by
the observation that the degree of agglutination
was the same whether the tests were done at 37 °C,
24 °C, 12 °C, or 5 °C. The insensitivity to change of
temperature is an unusual finding; it was shown
also by the anti-A, anti-A1, and anti-B in the serum.

The antibody agglutinating O cells was inhibited
by saliva from secretors belonging to all A1 A2 B O
blood-groups, but it was not inhibited by saliva of
non-secretors of these groups; the degree of
inhibition was approximately parallel with the
degree of inhibition of an eel anti-H serum caused
by the same salivas.

Absorption of the serum by an equal volume of
packed group-O red cells [Le(a+b–) and also Le(a–b+)]
removed the anti-H, leaving the anti-A, anti-A1,
and anti-B unchanged. Absorption by A1 cells
[Le(a+b–) and also Le(a–b+)], by B cells [Le(a+b–)]
and by A1B cells [Le(a–b+)] reduced the anti-H in
varying degrees; the ability of the absorbing cells to
remove anti-H roughly paralleled the reactivity of
these cells with other anti-H and anti-O sera. The
serum absorbed three times with an equal volume
of A1B Le (a–b+) cells contained a much weakened
anti-H free from anti-A and anti-B. Six absorptions
of the serum with the cells of donor Z left all the
antibodies unchanged. Absorption with A1 and B cells
showed some cross-absorption of the heterologous
antibodies anti-B and anti-A. There was some diffi-
culty in showing that anti-A and anti-B were indeed
present, although both antibodies were isolated
after continued appropriate absorptions. Anti-A1
was demonstrated in the serum after neutralization
of the anti-A, anti-B, and anti-H with A1B saliva
from a secretor.

The titre of anti-H in the three sera is of the same
order as that of the anti-A and the anti-B (see table).

The blood-groups of the three men are as follow:

Patient X. — “O,” MN.Ss, P+, CDe/CDe, Lu(a–), K–,
Le(a+b–), Fy(a+), Jk(a+), Tj(a+).

Patient Y. — “O,” MsMs, P+, CDe/cde, Lu(a–), K–,
Le(a+b–), Fy(a+), Jk(a+), Tj(a+).

Donor Z. — “O,” MSMs, P+, CDe/CDe, Lu(a–), K–,
Le(a+b–), Fy(a+), Jk(a+), Tj(a+).

None of the three men secretes A, B, H, or Leb

substance in his saliva; all three secrete Lea

substance.
The red cells of the three men were not agglu-

tinated by 6 anti-A sera, nor by 4 anti-B sera, nor by
8 anti-A + anti-B (group O) sera; all these sera were
selected for their high titre of antibody. The cells
were not agglutinated by 11 human and animal
(rabbit, cattle, eel, chicken, and goat) anti-H sera,
nor by 23 human anti-O sera—i.e., the cells were
not agglutinated to a greater degree than were A1B
control cells. Control group-O cells sent from Bombay
to London under the same conditions were found to
react with all the anti-H and anti-O sera almost as
strongly as fresh group-O control cells.

The red cells of the three men cannot be called
group A, B, or AB. They can hardly be called group O,
because they are not agglutinated by the types of
antisera which agglutinate O blood particularly
strongly. Further, in the serum of the three men is
an antibody which agglutinates preferentially the
red cells of group O; this antibody is powerful and
active at 37 °C and, so far as can be hazarded from
three cases, appears regularly when its equivalent
antigen is absent from the red cells. This regular
appearance is peculiar to anti-A and anti-B, and
suggests that the antibody belongs to the funda-
mental ABO system.

The men may be homozygous for a “new” allelo-
morph at the A1 A2 B O locus. The probability that
they are homozygous was somewhat strengthened
when inquiry revealed that the parents of patient
X are first cousins; the parents of the other two
men are not known to be related to each other, or
to patient X. A “new” allelomorph of the A1 A2 B O
locus appears to be the easiest explanation within
the classical framework of the ABO groups.

The facts will, however, fit a recent modification
(Morgan and Watkins1) of the theory of Hirzsfeld and
Amzel.2 H is considered a basic blood-group character
which is changed by a variety of mutant genes in
steps towards A, B, or O, and a final step to complete
Ac, Bc, or Oc is pictured. The three men could be
OcOc, and the theory would allow their serum to
contain anti-H. This would, however, mean that

TITRES OF ANTI-H, ANTI-A, ANTI-A1, AND

ANTI-B IN THE THREE SERA

Serum of Test cells

O A2 A1 B
X 256 512 2048 256
Y 256 512 1024 1024
Z 32 32 32 32
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the antisera at present called anti-O are not acting
on the product of Bernstein’s O gene; which would
not be surprising in view of unpublished
observations of two of us (W.T.J.M. and W.M.W.) on
the reactivity of anti-O sera with cells of known
genotypes. Further, there has been a recent
suggestion by Sanger3 that anti-H and anti-O may
be antibodies of the same general specificity, the
one occurring in non-secretor and the other in
secretor persons.

The true explanation will have to await new
facts. Circumstances have so far prevented
genetical investigations, but it is hoped that
relatives of at least one of these three men will be
available. However, this preliminary account may
encourage transfusion services, especially in India,
to test the serum of all donors against group-O red
cells. This “new” allelomorph may not be very
uncommon in India; once the blood of the two
patients had drawn attention to the “new” group,
the third example was found in a systematic
examination of blood from 160 donors. To our
knowledge no such blood has been noted in Europe
or the United States, though millions of appropriate
tests must have been made.

SUMMARY

Three examples of Indian blood possessing a
“new” blood-group character related to the ABO
system have been found in Bombay.

The red cells of the three persons studied are not
agglutinated by anti-A, anti-A1, anti-B, anti-H, or
anti-O sera. The serum of each contains anti-A,
anti-A1, anti-B, and anti-H; the only cells so far
tested which are not agglutinated are those of the
donors of these three sera.
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‘Bombay’ blood: Beyond blood banking
PRELUDE
Over a hundred years have passed since Landsteiner
observed haemagglutination of human red blood cells by
sera obtained from other normal healthy individuals.1 He
proposed that there are 2 antigens (A and B) and correspond-
ing antibodies (anti-A and anti-B) that categorized human
subjects into A, B and O groups. The less common blood
group AB was subsequently discovered by his pupils—
Decastello and Sturli in 1907—the same year that Ottenberg
performed the first modern human blood transfusion.

The ABO blood group system has remained pivotal to
safe and successful transfusions in clinical practice. The A
and B antigens are complex fucosylated oligosaccharides,
synthesized by a series of enzymatic reactions catalysed by
glycosyltransferases. A and B glycosyltransferases catalyse
the final biosynthetic step involving the addition of specific
monosaccharide structures, α-1,3-linked N-acetyl-D-
galactosamine and α-1,3-linked D-galactose, respectively.
These structures are added at the termini of oligosaccharide
chains on glycoproteins and glycolipids on the surface of
red blood cells, endothelial cells and most epithelial cells.

Carbohydrate immunochemistry experts Morgan and

Watkins, working at the Lister Institute in London, proposed
in 1948 that the common precursor of A and B substances,
cross-reactive with type XIV pneumococcus polysaccharide,
be termed ‘H’ substance.2 They suggested that the large
amount of H substance on group O red cells was caused by
its failure to convert into A and B substances. They went on
to establish that blood group activity is indeed associated
with glycoprotein molecules and showed the association of
the serological reactivity of anti-A and anti-B with the
carbohydrate moiety.

THEME
The seminal observations reported by Bhende, Deshpande,
Bhatia, Sanger, Race, Morgan and Watkins in 19523 provided
the key evidence for the Morgan–Watkins hypothesis and
paved the way for a continuum of genetic studies that
unravelled the biochemical pathways underlying the
synthesis and expression of ABH antigens. In their landmark
paper, the authors described the results of blood group and
compatibility testing on 3 individuals (Indians) in Bombay
(now Mumbai) who had not been previously transfused.
Through an elegant series of serological tests using titration,
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inhibition and adsorption experiments, they conclusively
established that the potent anti-H antibody present in the
sera of these 3 superficially group O individuals preferentially
agglutinated group O red cells but not each other’s cells.
They also showed that the red cells and secretions from
these individuals lacked A, B and H substances. This
uncommon phenotype, popularly termed ‘Bombay’ blood, is
now designated the Oh phenotype.

Although all the authors of this classical work are now
deceased, one of us (GNV) had the great fortune of being
initiated into blood group biology by the late H. M. Bhatia,
and personally knowing each of these authors during the
first decade of his career at Seth G.S. Medical College and
subsequently for 4 decades of his academic career in the
USA.4 Professor Bhende retired from the Seth G.S. Medical
College in 1953 and lived in Pune until his death. The then
blood bank resident at the time of this paper’s publication,
C. K. Deshpande completed his training in Pathology and
went on to become the first Professor of Pathology and later
the Dean. Bhatia, the postgraduate student co-author of this
paper, devoted his entire research career to studies on
‘Bombay’ blood and went on to establish the Indian Institute
of Immunohaematology in Mumbai, India.

FINALE
Basic science significance. Although Bhende et al.

suggested a new allele at the ABO locus to explain this ‘new’
blood-group character, the separation of the H-h system
from the ABO system was a first step towards an under-
standing of the molecular genetics of the ABO groups.
Several decades later, the cloning of the H-gene (FUT1)
encoding the α-2-L-fucosyltransferase and the assignment of
this gene locus to human chromosome 19 (19q13.3) established
the independence of the H-h locus from the ABO locus on
chromosome 9. The FUT1 gene encodes the α-2-fucosyl
transferase that transfers fucose to a terminal β-galactosyl
residue in a precursor oligosaccharide chain to form H
structures, which in turn serves as the substrate for the A
and B glycosyltransferases. The Bombay Oh phenotype is
indeed very rare, seen only in select populations from India
and Reunion Island. These individuals are homozygous for
a rare silent allele of H, i.e. their genotype is hh. They are thus
unable to synthesize the precursor substance necessary for
expression of the A and B genes. The role of the H antigenic
structure as the substrate for the biosynthesis of A and B
antigens by their respective glycosyltransferases is now
well established.2 The ABH antigens not only constitute the

molecular basis for the ABO blood groups, but they are also
expressed in the salivary secretions and gastrointestinal
epithelia of those with positive secretor status.

Clinical application. Until recently, ABO-compatibility
was considered critical for successful solid organ
transplantation. However, an in-depth understanding of the
biochemical nature of the ABO substances and the
immunology of antibody-mediated rejection has led to
protocols for decreasing the titres of isoantibodies (anti-A
and anti-B) and for successful ABO-incompatible organ
transplantation. The cloning of ABO genes and extensive
delineation of alleles allows us additionally to accurately
determine ABO genotypes with major applications in forensic
medicine and anthropological investigations.

There is renewed interest in determining the function of
ABO substances and in dissecting their association with
infectious diseases, immunity and malignancies.5 Our
knowledge of the biosynthesis and degradation of ABO
substances is now being applied to the enzymatic conversion
of group A and B red blood cells to universal group O red
cells.6 The study of the ABO blood group system has
provided investigators the information and tools for
examining other cell surface carbohydrate molecules that are
involved in cell–cell recognition, tumour metastasis and
response to inflammation. Thus, the discovery by Bhende et
al. continues to unfold new horizons in science and medicine.

REFERENCES
1 Landsteiner K. Uber agglutinationserscheinungen normalen menschlichen

blutes. Wien Klin Wschr 1901;14:1132–4.
2 Watkins WM. The ABO blood group system: Historical background. Transfus

Med 2001;11:243–65.
3 Bhende YM, Deshpande CK, Bhatia HM, Sanger R, Race RR, Morgan WT,

et al. A ‘new’ blood group character related to the ABO system. Lancet 1952;
1:903–4.

4 Vyas GN. Participating in the evolution of transfusion medicine from a
dispensary into a discipline. Transfus Med Rev 2008;22:162–7.

5 Lindén S, Mahdavi J, Semino-Mora C, Olsen C, Carlstedt I, Borén T, et al. Role
of ABO secretor status in mucosal innate immunity and H. pylori infection.
PLoS Pathog 2008;4:e2.

6 Olsson ML, Clausen H. Modifying the red cell surface: Towards an ABO-
universal blood supply. Br J Haematol 2008;140:3–12. Epub 2007 Oct 25.

ASHOK NAMBIAR
GIRISH N. VYAS

girish.vyas@ucsf.edu
Department of Laboratory Medicine

University of California at San Francisco
California

USA

The National Medical Journal of India is indexed in
Current Contents: Clinical Medicine and Science
Citation Index.

—Editor


