
J. clin. Path. (1949), 2, 103.

ELUTION OF AN INCOMPLETE TYPE OF ANTIBODY
FROM THE ERYTHROCYTES IN ACQUIRED

-HAEMOLYTIC ANAEMIA
BY

P. KIDD
From the London Hospital Medical College

(RECEIVED FOR PUBLICATION, AUGUST 21, 1948)

A notable advance in the study of the haemolytic
anaemias was made by Boorman, Dodd, and Loutit
(1946), who showed that it vwas possible to differen-
tiate between the congenital and acquired types
of acholuric jaundice by submitting the washed
erythrocytes from these patients to the action of
an anti-human globulin serum (Coombs and others,
1945). The erythrocytes of 17 patients with con-

genital familial type were not agglutinated under
these conditions, whereas those from seven patients
with clinically acquired type were all agglutinated
and so presumably had antibody globulin adsorbed
to their surface. No free antibody was found in
the serum from these cases, probably because all

circulating antibody was fixed on the erythrocytes.
During a personal study of six patients with

acquired haemolytic anaemia the washed erythro-

cytes of all cases were found to agglutinate strongly
with an anti-human globulin serum. Correspond-
ing antibody of the " incomplete " type (Race,
1944) was not, however, found free in the serum

of any of these cases, although cold agglutinin of

low titre was present in the serum of two of them.
In order to elucidate further the nature of the

antibody adsorbed upon the erythrocyte in these
patients it seemed necessary to attempt to dis-
sociate the antibody from its union with the
erythrocyte. After a number of tentative experi-c-
ments a satisfactory technique for this purpose was
elaborated, and the results presented provide direct
evidence that an antibody of " incomplete " type
is adsorbed on the erythrocytes in these cases.
Some in vitro properties of this antibody were also
investigated.

Materials and Mehods
A brief summary of the pertinent clinical and

haematological findings in the patients studied is
given in Table I. Venous blood samples were
obtained with a dry syringe and immediately de-
fibrinated by stirring with a glass rod. Samples were
examined before and after splenectomy in Case 4. in
the remaining cases all the samples examined were
collected at varying intervals after splenectomy had
been performed.

TABLE I
MAIN CLINICAL AND HAEMATOLOGICAL FINDINGS IN SIX CASES OF ACQUIRED HAEMOLYTIC ANAEMIA

~~ ~ Haemo- Rico- Serum Abirect
Case Age Sex 10. per -globin ctes bilirubin osmotic gut e Treat-

per cent mg. per fragility- ment
C.Mm. (Haldane) per cent 100 ml. mctinati test

1 74 M 2.8 60. 30.0 3.2. Slighjly Absent +++ SpE.

2 33 M 30 Normal Absent +++ Spi.
3 66 F 1.66 36 6.4 3.6 Normal Present +++ Spi.

(traee)
4 43 F 1.0 32 18.0 3.6 Normal Present +++ Spi.

(marked)
5 46 F 2.85 71 11.8 2.0 Normal Absent +++ Spl.
6 28 M 2.5 52 15.0 2.8 Normal Absent +++ Spi.

Spi. = Splenectomy
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And-human globulin serum.-Rabbits were immu-
nized with two doses of the globulin precipitate from
7.5 ml. of Group O human serum dialysed against
distilled'water for forty-eight hours, followed by two
doses of 1 ml. of whole serum. The injections were

given into the ear vein at five-day intervals and the
animals bled seven to ten days after the last injection.
After suitable adsorption with a mixture of packed
washed human erythrocytes of Groups A, B, and 0,

the working dilution of the serum was found by test-
ing it against erythrocytes sensitized with a serum

containing incomplete anti-Rh antibody. A dilution
of 1/20 to 1/40 gave rapid agglutination of the test
cells at 370 C.
pH measurements.-These were made with the glass

electrode unless otherwise stated.
Citrate-HCI buffer M/10 (Sorensen).-pH 3.2 to

3.4. This was prepared according to the directions
given by Clark (1928).

Elution of antibody.-This was effected by a modi-
fication of the procedure used by Landsteiner and
van der Scheer (1936) to dissociate azostromata-
antibody complexes. The dilute acetic acid used by
these workers was replaced by M/ 10 citrate-HCI
buffer at pH 3.2 to 3.4. The procedure adopted was

as follows. 20-50 ml. of whole blood was centri-
fuged, the plasma removed, and the erythrocytes
washed three times with physiological saline. An
equal volume of distilled water was then added to
the packed cells and the mixture lysed by repeated
freezing and thawing. Erythrocyte stroma was then
prepared according to the principle of Jorpes (1932).
The lysed blood was diluted with a further five
volumes of distilled water and the stroma precipitated
by adjustment of the mixture to pH 5.6 to 5.8 by
addition of the minimal necessary quantity of N HCl.
The precipitate removed by gentle centrifugation was

then freed as far as possib'e of haemoglobin by
repeated washing with M/ 15 phosphate buffer at
pH 5.6 to 5.8. To one volume of washed packed
stromata was then added 2 to 3 volumes of the
-citrate-HCI buffer, and after thorough mixing the

pH was readjusted, if necessary, to between pH 3.2
and 3.4 by the addition of N/l HCl. After leaving
the mixture for 10 or 15 minutes at room tempera-
ture the stromata were separated by centrifugation,
and the supernatant removed and rapidly adjusted to
pH 7.2 to 7.4 by the dropwise addition of 5N NaOH,
using phenol red as an external indicator. During
neutralization a heavy precipitate of stroma protein
separated, carrying down with it most of the residual
colour in the solution. This precipitate was removed.
and the supernatant eluate, now practically colour-
less or faintly tinged with the brown colour of acid
haematin, was stored in the frozen state in screw-
capped bottles over dry carbon dioxide ice.

Testing of the eluates.-Serial dilutions were made
in physiological saline and two drops of each dilution
mixed with two drops of a 2 per cent suspension of
washed human erythrocytes in small test tubes. In

comparative tests of titre the erythrocytes of the same

Group 0 donor were used throughout.
After incubation for one hour at 37° C. the erythro-

cytes were washed twice with physiological saline and
resuspended to approximately 2 per cent concentra-
tion, and then two drops of a suitably diluted anti-
human globulin serum added to each tube. After a

further 30 minutes in the incubator the tests were read
by gently shaking each tube, and the results recorded
on a rough quantitative scale:

+ + + = Large compact clumps
+ =Clumps just visible to the naked eye

A control of washed 2 per cent unsensitized cells plus
two drops of anti-human globulin serum was included
in each test.

Results
Range of erythrocytes affected.-The eluates

have been found to react with all human erythro-
cytes tested; that is to say exposure of the erythro-
cytes to the eluate results in the " coating " of the
erythrocytes with an antibody so that the cells are

rendered agglutinable after washing and addition

TABLE II
EFFECT OF ELUATES ON VARIOUS TYPES OF ERYTHROCYTES

-(1 vol. eluate + 1 vol. 2 per cent erythrocyte suspension incubated for 1 hour at 370 C. Cells washed three
times with saline. Anti-human globulin serum added.)

SourceIBlood group of >
Of human erythrocytes Mouse Rat Fowl Horse Sheep

eluate A - -____ pig bit
A B ORh+ ORh - ____ ______

Casel1 +++ +++ +++ +++± + -
,,2+++ +++ +++ +++ + + - - -

3 +++ +++ +++ +++- -
,,4 +++ +++ +++ +++- - -----

,,5 ++± +++ +++ +++
,,6. ++.+ +++ +++ +++

104 P. KIDD

+ = Clumps just visible to naked eye+ + + - Large clumps- ---No agglutination
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INCOMPLETE ANTIBODY IN HAEMOLYTIC ANAEMIA

of an anti-human globulin serum. This effect is
quite independent of the ABO and Rhesus group
of the erythrocytes concerned. To date no human
red cell has been found which cannot be fully
"coated" or sensitized by exposure to the action
of these eluates.

There was no appreciable difference in the
degree of sensitization of erythrocytes from the
different blood groups by any given eluate. It is
concluded, therefore, that the cell receptor involved
has no relation to any of the known blood group
receptors. It is of interest to note that the erythro-
cytes from two cases of familial acholuric jaundice
were rendered fully agglutinable in anti-human
globulin serum by exposure to the eluates from
Cases 1 to 4.
Some of the eluates were tested. against a range

of animal erythrocytes. In no case were any of
the erythrocytes sensitized, with the exception of
two samples of Rhesus monkey cells; in this
instance the agglutination in anti-human globulin
serum after exposure to the eluate was very much
weaker that in the case of human erythrocytes.
The results are tabulated in Table II.
Titre of the eluates.-The titre of the different

eluates was determined using the erythrocytes of
the same Group 0 donor. The results are shown
in Table III. In addition the nitrogen content of
three of the eluates, obtained by the micro-
Kjeldahl procedure, is recorded in mg. N2 per
100 ml.

TABLE III
T1TRES OF ELUATES AGAINST GROUP 0 ERYTHROCYTES

FROM THE SAME DONOR

Eluate Range of titres obtained Nitrogen contentwith dilTerent preparations mg. per 100 ml.

Case 1 1/32 to 1/256 21.0
,, 2 Not tested

3 1/32 to 1/128
4 1/4 to 1/16
5 1/64 to 1/128 19.6
6 1/16tol/64 32.0

Thermal amplitude.-The eluates proved to have
a wide thermal amplitude. Sensitization after
holdIng the eluate and erythrocyte mixture at
400 C. room temperature, and 370 C., seemed
equally strong as judged by the degree of agglutina-
tion on subsequently suspending the washed
erythrocytes in anti-human globulin -serum.
Between the limits of 400 C. and 370 C., there-

fore, union of antibody and erythrocytes seems
little affected by the temperature at which sensitiza-
tion is allowed to take place.

Effect of the eluates on the osmotic fragility of
normal erythrocytes.-None of the cases studied
showed any marked increase of osmotic fragility
in hypotonic saline. The two strongest eluates
from Case 1 and Case 3 were therefore selected
for use in these experiments. The experimental
procedure followed is illustrated by the following
experiment using eluate from Case 1. 0.25 ml.
washed, packed, normal Group 0 erythrocytes
plus 0.75 ml. eluate were incubated for one hour
at 370 C. After washing three times with physio-
logical saline and packing by centrifugation, 0.1 ml.
saline was added to the deposit. Strong sensitiza-
tion of the erythrocytes was confirmed at this stage
by the finding of rapid agglutination of the
erythrocytes on testing with anti-human globulin
serum. A control of 0.25 ml. packed erythrocytes
plus 015 ml. physiological saline was taken
through the same manipulations. After thorough
mixing 0.02 ml. aliquots of the two cell mixtures
were distributed into a range of tubes containing
5 ml. quantities of hypotonic saline ranging from
0.3 to 0.7 g. per 100 ml. in steps of 0.05 g. per
100 ml., and a tube for complete haemolysis con-
taining 5 ml. of 0.4 per cent ammonia. After
standing for two hours at room temperature all
tubes were centrifuged for ten minutes at 2,500
r.p.m. and the optical density of the supernatant
was then measured in a photo-electric colorimeter
using an Ilford 604 filter. The percentage haemo-
lysis in each tube was then calculated. As a result
of a.number of similar experiments it was found
that exposure of normal erythrocytes to the eluates
from Case 1 and Case 3, even when the erythro-
cytes were sensitized in the presence of the patient's
fresh serum, did . not significantly alter their
resistance to hypotonic saline.
Action of the eluates in the presence of com-

plement.-It was obviously of interest to deter-
mine whether normal erythrocytes fully sensitized
by these eluates would be haemolysed on addition
of complement. It was soon found that the amount
of citrate present in the eluates was sufficient to
inactivate 6 to 8 M.H.D. of complement. The
tests were therefore conducted by allowing the
erythrocytes to react with the eluates for one hour
in the 370 C. waterbath, after which they were
washed three times with saline to remove all traces
of buffer, and resuspended to 2.5 per cent concen-
tration. To 0.25 ml. of the sensitized red cell sus-
pension 0.5 ml. physiological saline and 0.25 ml.
of complement dilutions containing 3 and 6 M.H.D.
were then added, and the tubes kept at 370 C. for
two hours and then at 40 C. for eighteen hours
overnight. On removal from the ice chest the
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tubes were shaken, lightly Qentrifuged, and
examined for the presence of haemolysis. Two
controls were always included:

1. 0.25 ml. sensitized cells+0.5 ml. saline+0.25
ml. 6 M.H.D. complement dilution previously
inactivated for 30 minutes at 560 C.

2. 0.25 ml. unsensitized cells + 0.5 ml. saline +
0.25 ml. 6 M.H.D. active complement.

In Cases 1 -and 2 and Cases 5 and 6 the results
were unequivocal. No haemolysis was ever'pro-
duced under the conditions of the experiment. In
Cases 3 and 4, however, the eluates proved capable
of causing haemolysis in the presence of com-

plement. Qualitative experiments showed nearly
complete haemolysis with 6 M.H.D. and partial
haemolysis with 3 M.H.D. of complement. Quanti-
tative estimation of the haemoglobin in the super-

natant fluid in the two experiments showed with
the eluate from Case 3 94 per cent haemolysis with
6 M.H.D. and 73 per cent haemolysis with 3
M.H.D. of complement. However, in this case

the control tube containing sensitized cells plus
inactivated complement also showed 20 per cent
haemolysis, although the tube containing unsensi-
tized cells plus 6 M.H.D. active complement showed
no haemolysis.

Similarly in Case 4 6 M.H.D. complement gave
52 per cent haemolysis and 3 M.H.D. 19 per cent,
whereas the control with inactivated complement
plus sensitized cells showed 5 per cent haemolysis.
The control with unsensitized cells plus 6 M.H.D.
active complement again showed no haemolysis.
Thus the haemolysis produced in these experiments
could not have been entirely dependent on the
complement activity of the. guinea-pig serum,
although obviously increasing the dose of com-

plement increased the total haemolysis produced.
The complete absence of haemolysis with 6 M.H.D.
of complement and unsensitized cells showed that
the effect could not have been due to any anti-
human red cell heterolysin present in the dilutions
of guinea-pig serum used.

The eluates used in both these experiments had
been stored in sealed screw-capped bottles over

dry carbon dioxide ice for six months. Some
haemolytic activity developing on storage and
not related to the antibody content of the eluate
-obviously cannot be excluded. Unfortunately by
-the time these experiments were completed neither
of the patients was available for further study so

that these findings could not be confirmed with
fresh eluates. On the suggestion of Dr. I. V.
Dacie erythrocytes fully sensitized with eluates
from Case 1 and Cases 5 and 6 were suspended in

fresh human serum acidified wfth graded doses of
HCI (Dacie and Richardson, 1943).

0.5 ml. quantities of serum were acidified with
0.05 ml. of N/10, N/5, N/4, N/3.5, N/3, and
N/2.5 HC1 respectively. To these aliquots of
acidified serum was then added 0.05 mil. of 50
per cent washed Group 0 erythrocyte suspension
previously fully sensitized with the eluate under
test. After two hours at 370 C. the tubes were
lightly centrifuged and the supernatant serum
examined for the presence of haemolysis. No
haemolysis was found under these conditions with
any of the eluates used.
Bloking experimenls.-In order to test the

hypothesis that the antibody present in these-
eluates might be the "incomplete " form of the
cold agglutinin present, in the serum of some cases
of acquired haemolytic anaemia the following
experiment was carried out.
Two per cent washed Group 0 erythrocytes were

sensitized with sufficient eluate to render the cells
fully saturated with antibody as judged by im-
mediate maximal agglutination on suspending a
sample of the washed erythrocytes in anti-human
globulin serum and the demonstration of residual
antibody in the supernatant eluate. Three lots of
erythrocytes sensitized with eluates from Cases 1,
5, and 6, and the same unsensitized erythrocytes,
were then made up to 2 per cent suspension and
used in the titration of a serum from a case of
chronic haemolytic anaemia known to contain a
high-titre cold agglutinin. After addition of the
erythrocyte suspensions to a range of serial serum
dilutions the tubes were placed in the ice chest at
40 C. for 18 hours. On removal from the ice chest
the tubes were lightly shaken and the results read
macroscopically and microscopically. The end
point was taken as the last tube showing
definite rnicroscopic agglutination. The final titres
obtained with the four lots of erythrocyte suspen-
sions are shown in Table IV. The final titres
obtained differ by only one tube and there is
therefore no evidence that the action of the cold

TABLE IV
TITRE OF A COLD AGOLtJTINI AGAISTUNSENSIZED

AND SENSZED MRYTHROCYTES AT 40 C.

Cell suspension Titre of cold agglutinin
a. Unsensitized .. 1/32,000
b. Sensitized with eluate

from:
Case 1 .. .. 1/16,000
Case 5 .. .. .. 1/32,000
Case 6 -.. .. .. 1/16,000

106 P. I.CD.
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INCOMPLETE ANTIBODY IN HAEMOLYTIC ANAEMiA

agglutinin on the erythrocyte was blocked by
previously " coating " the erythrocyte with anti-
body of the type present in these eluates.

Discussion
Since the present work was begun two papers

have appeared in which the elution of antibody in
acquired haemolytic anaemia is described. Evans
and others (1946) adduced evidence that the
erythrocytes in two cases of acquired haemolytic
anaemia were coated with an immune body which
could be released and transferred to normal cells
in vitro. Eluates were prepared from the washed
erythrocytes of the patients by exposing them to
the action of saline at 560 C. It was found that
normal cells were sensitized by these eluates only
if -the cell-eluate mixtures were kept at 50 C.
overnight and the agglutinability in anti-human
globulin serum was improved by holding the
cell-eluate mixtures for two hours at 370 C.
after their removal from the ice chest. After
five minutes at 560 C. the patients' washed
cells were rendered inagglutinable in anti-human
globulin serum, presumably because of elution of
the adsorbed antibody. The authors further noted
agglutination of the patients' cells in 30 per cent
bovine albumin and 2 per cent acacia, but not in
normal human serum. No serum antibodies were
detected in the first patient studied. In the second
patient cold agglutinin to a titre of 1/32 and an
atypical agglutinin active against about 30 per cent
of Group 0 cells irrespective of Rhesus and MN
grouping was found in the serum before any blood
transfusion had been given.

Sturgeon (1947) demonstrated an incomplete or
blocking type of antibody in the serum of three
patients with acquired haemolytic anaemia with
the aid of anti-human globulin serum. The titre
of free antibody ranged between 1/128 and 1/4,096
in the cases studied. In one case a high titre saline
eluate was prepared by incubating the patient's
cells or sensitized normal cells in equal volumes
of saline for 30 minutes at 370 C. or 560 C. This
Was shown to react with cells of all four groups,
including Rhesus-positive and Rhesus-negative
cells. It did not react with Rhesus monkey cells
or with sheep's cells. Cells strongly sensitized with
the eluate still reacted with anti-A, anti-B, and
anti-Rh sera in the normal way, thus showing that
these receptors were not blocked by the new anti-
body. Normal cells stored for a few days in saline
could not be sensitized by the eluate. The anti-
body was not reduced in potency by exposure to
700 C. for ten minutes, but could not be demon-
strated by the indirect developing test after ten
minutes at 800 C. The antibody appeared to be an

auto-antibody and a pan-antibody, but did not
react with Rhesus monkey cells.
The present work confirms many of these find-

ings but there are a number of disagreements in
detail. In all the cases studied it was possible by
tneans of the acid buffer elution technique now
described to elute an immune body from the
erythrocytes which was capable of sensitizing or
" coating " normal erythrocytes irrespective of
their ABO or Rhesus groups and thus rendering
them agglutinable, after washing with saline, in an
anti-human globulin serum. Between the limits of
40 C. and 370 C., union of antibody and erythro-
cyte was not affected by the temperature at which
the eluate and erythrocyte mixture was held before
washing and addition of anti-human globulin
serum. The eluates did not sensitize the erythro-
cytes of laboratory animals, with the exception of
Rhesus monkey cells tested in two instances.

Saturation of normal Group 0 erythrocytes with
the antibody contained in the two highest titre
eluates did not alter their osmotic resistance to
hypotonic saline. The reaction of normal Group
0 erythrocytes fully sensitized by eluates from
Cases 1, 2, 5, and 6 in the presence of fresh
guinea-pig serum and fresh human serum suitably
acidified was clear-cut. No haemolysis was ever
found under these conditions. Using the eluates
from Cases 3 and 4, however, haemolysis was con-
sistently produced in the presence of guinea-pig
complement, but the experiments were complicated
by the finding of some degree of haemolysis in the
presence of a 6 M.H.D. complement dilution inacti-
vated by heating for thirty minutes at 560 C. The
complete absence of haemolysis of unsensitized
cells suspended in the same dilution of active com-
plement was held to exclude the presence of any
anti-human heterolysin in the dilutions of guinea-
pig serum used. The possibility that this effect
was related to prolonged storage of the eluates in
the frozen state is considered.
A limited experiment showed that saturation of

normal erythrocytes with the antibody contained
in the eluate from three of the cases did not block
the action on the erythrocytes of a high-titre cold
agglutinin present in the serum of a patient with
chronic haemolytic anaemia.
The experiments reported show that the immune

body present in these eluates reacts with a broad
-antigen present in all human red cells and to a
lesser extent in Rhesus monkey cells. Although
direct evidence cannot be produced on this point
it seems likely that the cell receptor involved is
closely related to the human species-specific recep-
tor reacted upon by anti-human red cell sera pre-
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pared in other species. The general ehaviour of the
antibbdy, apart from its broader speificity, shows a
close resemblance to that of the " incomplete" anti-
Rh antibody and especially to that form designated
" cryptagglutinoid " by Hill and others (1948).

In contrast to the findings of Sturgeon (1-947)
and Neber- and Dameshek (1947) using 30 per
cent bovine albumin no free antibody of " incom-
plete" type could be demonstrated in the serum of
any of the present cases using the anti-human
globulin serum techniquo.
The in vitro reactions, as in the case of the

"incomplete" anti-Rh antibody, shed little light
on the mechanisms by which haemolysis is pro-
duced in vivo. Much further work is required on
this question, and it is hoped that the elution
technique outlined may help in such investigations.

Summary
1. A technique is outlined whereby an antibody

of "incomplete" type can be eluted from the
erythrocytes in acquired haemolytic anaemia.

2. The properties and in vitro reactions of such
eluates are described and discussed with referente
to previously published findings.

I am indebted to a number of clinicians for access
to their cases, to Dr. J. F. Loutit and Dr. J. V. Dacie
for blood samples and much helpful advice, and to
Dr. F. 0. McCallum for Rhesus monkey cells.
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