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Blood-typing of economically important species such as cattle, horses, pigs 
and sheep is carried out extensively throughout the world, primarily for the 
purpose of parentage identification for pedigree registration. Most blood
typing reagents are prepared by alloimmunization of animals with appropriately 
chosen red blood cells. The antisera thus produced usually have to be 
selectively absorbed with other red cells until all unwanted specificities have 
been removed. Although, often termed 'monospecific', such alloantibodies are in 
fact very heterogeneous and there is no guarantee that repeated bleedings from 
the same recipient animal will yield identical antibodies. Reagents prepared in 
this way have to be subjected to rigorous standardization tests before they can 
be used as internationally accepted blood-typing reagents. It is also necessary 
for laboratories that produce blood-typing reagents to maintain a permanent panel 
of animals to act as donors and recipients and to provide red cells embracing all 
known antigenic specificities. All the above-mentioned procedures are time- 
consuming and expensive, and it is not surprising therefore that, since the 
advent of the hybridoma technique (KBhler 5 Milstein, 1975) hopes have been 
raised that monoclonal antibodies produced in culture might provide a satisfac
tory alternative to conventionally-produced blood-typing reagents.

The basis of the hybridoma technique is that cultured mouse myeloma cells 
are fused in vitro with spleen cells taken from mice immunized with a chosen 
antigen. The hybridoma cells thus formed not only grow well in culture but 
secrete large quantities of antibody into the culture supernatants. The main 
advantage of this technique is that since the antibody-secreting cell lines are 
derived from a single clone, each immunoglobulin produced can be regarded as a 
chemically pure reagent, that is, an entirely homogeneous, monospecific antibody 
requiring no further absorptions (Milstein, 1980). Other advantages are that the 
cell lines can be maintained more or less indefinitely as continuously growing 
cultures, or they can be stored away in liquid nitrogen until required. More
over, when the hybridoma cells are injected into mice the ascites fluids aspira
ted from the tumours thus formed contain extremely high concentrations(up to 
10 mg/ml) of the secreted immunoglobulins. Furthermore since many different 
lines of cells from different individual clones can be cultured, it is possible 
from one fusion to produce monoclonal antibodies of many different specificities 
if the immunogen contains a variety of antigens, as in the case of red blood cells.

A disadvantage of the hybridoma technique for producing blood-typing reagents 
is that because fusion has to be confined (at least at present) to cells of the 
mouse or rat species, any antibodies raised against antigens of other animals will 
be xenogeneic and may not recognise the range of antigenic specificities which are
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normally identified by alloantibodies. With all these considerations in mind we 
decided to set up hybridoma cultures to evaluate the potential of the technique 
for producing blood-typing reagents (Tucker et al 1980). Points especially 
considered were the specificities of the antibodies, the titres of the antibodies 
and the stability of the cell lines and of the antibodies.

Balb/c mice were given intravenous injections of sheep, goat or cattle red 
cells. Either one injection of 0.2 ml of a 10 or 20% (v/v) saline suspension was 
made and the fusion carried out 5 or 6 days later, or 0.2 ml of a 5% (v/v) sus
pension was injected 18, 11 and 4 days before fusion. In one case only two 
injections were given at 14 and 11 days. Fusion of immunized mouse spleen cells 
with NSl/l-Ag-4-1 mouse myeloma cells was achieved with 50% (w/v) polyethylene 
glycol 1500 (BDH Chemicals, Poole, U.K.) by a method modified after McMasters 8 
Williams (1979). Cloning was carried out in soft agar (KBhler, 1979). Only 
those lines were cloned whose supernatants gave direct agglutination, or haemo
lysis with guinea-pig complement diluted 1 in 8 or undiluted rabbit complement. 
Complement was prepared by absorbing pooled guinea pig or rabbit sera with washed 
red cells at 4°C. The haemolytic tests were carried out as described previously 
(Tucker 1965).
Specificity of the monoclonal antibodies

(a) Choice of complement
The haemolytic test proved satisfactory to screen supernatants, and aggluti

nation could be detected and noted before the addition of complement. Whereas 
guinea pig complement usually gave complete lysis of sheep red cells sensitized 
with monoclonal antibody, often only incomplete or even no haemolysis was obser
ved with rabbit complement. In contrast, sensitized goat and cattle red cells 
lysed readily and consistently with rabbit complement but not with guinea pig 
complement. In screening early supernatants we therefore always tested with both 
complements, and later used rabbit complement for cattle and goat red cells and 
guinea pig complement for sheep cells. The reason for this complement specifici
ty is not understood, but it may be due to the presence of natural antibodies in 
the complement causing synergistic lysis (Howard et al 1979).

Another feature observed in testing monoclonal antibodies was that sometimes 
red cells sensitized by treatment with culture supernatants were not haemolysed 
by guinea pig or rabbit complement. This failure of complement lysis could be 
overcome by the addition of an enhancing anti-mouse immunoglobulin serum to the 
haemolytic test.

(b) Species-specific antibodies
As expected, no difficulty was experienced in producing monoclonal antibodies 

which recognised the so-called 'heterologous' red cell antigens. Every success
ful fusion resulted in antibodies that reacted with red cells from all the indi
viduals of the species from which the donor red cells were obtained. Table I 
summarises the results of testing some of these antibodies against a panel of red 
cells from 80 sheep, 20 goats and 100 cattle. Fusions between NS1 cells and 
spleen cells from mice immunized with sheep red cells produced an IgM antibody 
which reacted with all sheep and all goats but no cattle red cells and another 
IgG antibody which was specific for sheep. An anti goat red cell IgM antibody re
acted also with sheep red cells. Fusions with spleens from mice immunized with 
cattle red cells resulted in an IgM antibody specific for cattle, one which reac
ted with goat red cells as well and another which reacted with red cells of all 
three species. Although such monoclonal antibodies are of no use as blood-typing 
reagents they are valuable for studies involving species relationships and
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comparisons. They are also useful as tools for studying the structure and func
tion of red cell membranes.

(c) Intraspecific antibodies - potential blood-typing reagents
All the fusions involving spleen cells from mice immunized with cattle red 

cells produced not only 'heterologous' antibodies but also antibodies which 
differentiated individual cattle. Since these antibodies were potential blood
typing reagents, the hybridoma lines secreting them were studied in detail.
Table II compares the specificities of the antibodies secreted by cloned hybrid
oma lines with those of conventional blood-typing reagents tested against a panel 
of red cells from 20 cattle. The first four antibodies (CC1, 6A1, BA2 and BBS) 
have been tested with a much larger number of cattle red cells than is shown in 
Table II. CC1 and BA2 parallel respectively the F and O' reactions exactly.
6A1 appears to be a sub-type of V and BA2 did not exactly correlate with 12 
specificity. The other monoclonal antibodies 6A5, 7C3, 3B1, 10D5 and 4A1 have 
only recently been made and await further analysis. With the small panel of 20 
animals tested to date 6A5 and 7C3 appear to correlate with either reagent B2 or 
G, 3B1 with Yj and 10D5 with reagent Z. 4A1 appears to be a new specificity.
Antibody titre in culture supernatants

The monoclonal antibodies gave good complete haemolytic reactions with test 
cells. Titres as high as those of conventional antisera could be found in culture 
supernatants. Some lines consistently produced antibodies with higher titres than 
others, however. In general, titres ranged from V32 to V1021».
Ascites fluid

4-7 x 10° hybridoma cells from antibody-secreting lines were injected intra- 
peritoneally into pristane-primed mice (McKearn, 1980), and ascites fluid aspira
ted from the resulting tumours was tested by agar electrophoresis (Fig. 1). By 
comparing the relative intensity of staining of the immunoglobulin zones of the 
ascites fluid with that of known concentrations of mouse myeloma immunoglobulins 
(P3 and P8) , it was possible to obtain an estimate of the concentration of immuno
globulin in the ascites fluid (Fig. 1). It can be seen that extremely high 
concentrations of IgG and IgM (approx. 5-6 mg/ml) were present. The significance 
of these concentrations can be realised when the haemolytic titres are measured. 
6A1 and BA2 were IgM antibodies and had titres of 1 in 64 x 106 and 1 in 130 x 103. 
BB5 was an IgG and its titre was 1 in 524 x 10^. Antibodies with titres as high 
as this are an extremely valuable source of blood-typing reagents.
Storage and stability

Some cell lines were cultured for several months and continuously produced 
antibody. Others, although continuing to grow well ceased to secrete antibody.
In uncloned lines there is always a likelihood that non-secreting lines will over
grow secreting lines. The remedy is^therefore to clone early. Even so, the 
inherent chromosome instability in these hybridomas can result in loss of anti
body secretion even in cloned lines; hence we found it to be important to ensure 
that aliquots of actively secreting cells were stored in liquid nitrogen as a 
reserve. Recloning often but not always helped to restore antibody secreting 
activity in a faltering line.

We have not yet fully explored the stability of the antibodies. However anti
body activity of culture supernatants withstood freezing and thawing and freeze
drying. Ascites fluid stored at -70°C maintained activity for more than a year.
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Table I. Monoclonal Antibodies useful for species identification
Specificity for sheep,

Donor
No. of 
inj .

Antibody
code

Ig
Class

goat or cattle 
red cells

Sheep (038) 3 L6A4 IgM sheep and goat
M M 3 F2A2 IgG sheep

Goat (E13) 2 36 IgM goat and sheep

Cattle (T26) 3 A6* IgM cattle

" (T26) 3 AA5 IgM cattle and goat

" (T13) 3 1B1 IgM cattle, goat and sheep

* Agglutinin

Table II. Specificity of monoclonal antibodies compared with

conventional blood-typing reagents

Cattle red cells

CM<
00
< A2

9
A3
4

A4
0

A1
04 vOCQ B1
8

B2
9

T1
3

Y1
3 totoM A1
7

X1
7 00CQ A2
5

A2
7

A3
8 to 00 r—1 N1

*Reagent F 5 5 5 5 5 5 5 5 S 5 5 5 5 5 5 5 S 5 s
Monoclonal CC1 S 5 5 5 5 5 5 5 S 5 5 5 5 5 5 5 5 5 5

Reagent V S 5 5 5 5 5 S 5 S 5 S 5 5
Monoclonal 6A1 5 5 5 5 5 S 5 5 5

Reagent O' 5 5 5 5 5 S 5 5 5 5 5 5 s 5 5 5 5 5 S
Monoclonal BA2 S 5 5 5 5 5 5 5 5 S 5 5 s 5 5 5 S 5 5
Reagent y 2 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
Monoclonal BBS 5 5 5 5 5 5 5 5 5 5 5 5 S 5 5 5 5
Reagent B2 5 S 5 5 5 5 5 S 5 5 5 5 5 5
Reagent G S 5 5 5 5 5 5 5 5 5 5 5 5 5
Monoclonal 6A5 5 5 5 5 5 S 5 5 5 5 5 5 5 5
Monoclonal 7C3 5 S 5 5 5 5 5 5 S S 5 5 5 5
Reagent Y1 5 5 5 5 5 5 5 5 5 5 5 S 5 .5 5
Monoclonal 3B1 5 5 5 5 '5 5 5 5 5 2 5 5 5 S S 5

Reagent Z 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
Monoclonal 10D5 5 5 5 5 5 S S 5 5 5 5 5 5 5 S 5 5

Monoclonal 4A1 S 5 5 5 5 5 5 5 5 5 5

The degree of haemolysis is recorded as • to 5, 5 = complete, • = no haemolysis

* We thank Dr. R.L. Spooner for a gift of cattle blood-typing reagents.
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ASCITES 6AI IgM 

ASCITES BA2 lgM

P8 IgM CONTROL (6mg/ml)  

ASCITES BB5 IgG 

P3 IgG CONTROL (6 mg/ml) 

NORMAL MOUSE SERUM

Fig- 1. Agar electrophoresis of ascites fluids
Cathode on the right.
Note that ascites monoclonal IgM (6A1 and BA2) and IgG (BBS) migrate 
nearer to the cathode than the control immunoglobulins P8 and P3. 
Mouse serum proteins are also present in the ascites fluids.

Assessment of potential
Monoclonal anti-A and anti-B have already been successfully produced for 

human blood-typing purposes (Voak et al 1980; Sacks S Lennox 1981). The latter 
authors stated "A reagent suitable for blood grouping must be (1) specific for 
the appropriate antigen; (2) sufficiently potent to give good macroscopic re
actions with the weaker blood groups ....; (3) stable under the conditions of use, 
and (4) readily available at reasonable cost." They claimed that their anti-B 
satisfied all these requirements, and with regard to the last point calculated 
that it would cost only £5 for the materials to make 1 litre of potent culture 
supernatant.

The results for our monoclonal blood-typing reagents look equally promising, 
but there remain a number of questions to be answered. With comparative ease, 
we have produced 8 antibodies which differentiate individual cattle. Seven of 
them appear to recognise known blood group antigens, but may not exactly match 
them.

From the practical point of view of parentage control there is no real 
necessity for the monoclonal antibodies to be identical to existing reagents as 
long as they give clear-cut reproducible reactions. What we do not know yet, is 
how many different specificities it will be possible to recognise using these 
xenogeneic antibodies. There is quite a long way to go before we reach the 40 - 
50 specificities covered by most cattle blood-typing service laboratories. We 
have not as yet investigated other species thoroughly, but there is no reason to 
believe that it would not be equally possible to produce monoclonal blood-typing 
reagents for sheep, goats, pigs and horses. Indeed, Grosclaude (1980) has 
already produced monoclonal antibodies which 'showed a pattern of reaction iden
tical or very similar to' that of two horse blood-typing reagents.
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In conclusion, we can already forecast that monoclonal antibodies will before 
long be used to replace at least some existing reagents and there is no reason 
why one cell line of each could not satisfy the needs of all laboratories in the 
world. We need an organization far-sighted enough to finance research in this 
area.

SUMMARY

Blood-typing of livestock for identification of individual animals is an 
important adjunct to pedigree registration and for analysis of breed structure 
and relationships. At present most blood-typing reagents are prepared by allo
immunization, followed by exhaustive absorption of the antisera with appropriately 
selected red blood cells to remove non-specific antibodies. This is an expensive 
and time consuming process and it is often difficult to obtain complete agreement 
in the international standardisation of such heterogeneous antibodies. The 
hybridoma technique makes it possible to produce entirely homogeneous monospeci
fic antibodies and thus has great potential for use in the blood-typing field.
This paper describes results of recent experiments which show that it is possible 
to produce monoclonal antibodies which recognise known blood group antigens on 
cattle red cells. Preliminary results for goat, sheep and horse red cells are 
also evaluated.

RESUMEN

La identification de animales por medio de tecnicas de tipificacion de 
globulos“ rojos es importante en el registro de la genealogia y en el analisis de 
la estructura y relaciones en las cruzas. La mayor parte de los reactivos para 
tipificacion de globulos rojos en uso hoy dia, se obtiene por aloinmunizacion 
seguida por la absorcion repetida del antisuero con eritrocitos seleccionados para 
remover anticuerpos no especxficos. Este procedimiento, ademas de ser tedioso y 
caro, produce anticuerpos heterogeneos que son dificilmente comparables sobre la 
base de un sistema internacional. La tecnica de los hibridomas permite la 
produccion de anticuerpos homogeneos y monoespecificos, y tiene, por lo tanto, 
un gran potencial en el campo de la tipificacion de globulos rojos. En la 
ponencia se describen resultados sobre la obtencion de anticuerpos monoclonales 
que reconocen antigenos de grupos sanguineos en eritrocitos de bovino. Tambien 
se evaluan resultados obtenidos con globulos rojos de cabra, oveja y caballo.
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