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SUMMARY Enzyme linked and agglutination direct antiglobulin tests were carried out on blood
samples from 219 patients suspected of having autoimmune haemolysis. The enzyme linked tests
were more sensitive: they could detect the small amounts of IgG, IgA, and IgM which are
normally present on red cells and showed increased amounts of cell bound immunoglobulins in
patients with Coombs test negative autoimmune haemolysis. Many patients had immunoglobu-
lins of more than one class bound to their red cells; considering the degree of haemolysis in
individual patients, it appeared that the different immunoglobulin classes acted synergistically in
effecting red cell destruction, even in amounts too small to be detected by the agglutination tests.
In patients with cold reacting autoantibodies and complement coating of the red cells active
haemolysis was found (with one exception) where IgM was detected on the cells by the enzyme
linked method. Elution studies indicated that immunoglobulins detected just by the enzyme
linked techniques were red cell antibodies. Both enzyme linked and agglutination tests were
negative in 66 patients: 61 of these had no evidence of haemolysis, and in the other five the
haemolysis was not autoimmune in origin.

The detection of small amounts of erythrocyte
bound immunogobulins is becoming increasingly
important in investigating and monitoring the clini-
cal progress of patients with autoimmune
haemolysis.' To meet this need we require techni-
ques that are more sensitive than the standard
agglutination direct antiglobulin test (DAGT). This
paper describes our preliminary experiences with an
enzyme linked DAGT capable of detecting small
amounts of IgG, IgA, and IgM on red cells and dis-
cusses the clinical importance of the findings.

Material and methods

During the investigation of 219 patients suspected
of having autoimmune haemolysis2 both agglutina-
tion and enzyme linked DAGTs were performed on
blood samples anticoagulated with potassium edetic
acid.
The agglutination tests were carried out using

monospecific anti-IgG, anti-IgA, anti-IgM, anti-
C3c, anti-C3d, anti-C4, and broad spectrum anti-
globulin reagents.

For the enzyme linked DAGTs 25% saline sus-
pensions (vol/vol) of washed patients' and pooled 0
cells (control) were incubated for one hour at 37°C
with twice their volume of alkaline phosphatase
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linked anti-IgG, anti-IgA, and anti-IgM goat anti-
human globulins (Sigma) diluted 1/50. After
thorough washing the cells were added to
p-nitrophenylphosphate substrate (2 mg/ml, buf-
fered at pH 9.88) for exactly five minutes at room
temperature. The specimens were quickly cen-
trifuged, and the colour, which had developed in the
supernatants, was measured at 405 nm using a Titer-
tek Multiscan plate reader, further reaction having
been inhibited by the addition of formalin. Initially,
the tests were carried out in tubes as previously
described,3 but later the method was adapted so that
microtitre plates could be used. Results of tests were
considered positive if their optical density exceeded
that of the control pooled 0 cells by 02; previous
studies with normal subjects had shown that an opti-
cal density of 0 2 was always more than 2-5 standard
deviations greater than the mean.

Results

The patients were divided into five categories on the
results of the DAGTs:
1 Sixty one patients in whom both agglutination
and enzyme linked DAGTs were positive and
detected the same immunoglobulin classes (Table 1).
2 Forty three patients in whom both tests were
positive but where additional immunoglobulin clas-

912

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.38.8.912 on 1 A
ugust 1985. D

ow
nloaded from

 

http://jcp.bmj.com/


Enzyme linked direct antiglobulin tests in patients with autoimmune haemolysis

Table 1 Patients in whom both agglutination and enzyme linked direct antiglobulin tests were positive and detected the
same immunoglobulin classes

No ofpatients Direct antglobulin test Comments

Immunoglobulins Complement

38 IgG 0 21 haemolysing, 17 not haemolysing
17 IgG + 13 haemolysing, 4 not haemolysing

1 IgG, IgM + Haemolysing
2 IgG, IgA 0 2 haemolysing
1 IgA, IgM 0 Haemolysing
2 IgG, IgA, IgM + 2 haemolysing

Table 2 Patients in whom agglutinaton and enzyme linked direct antiglobulin tests were positive but additional
immunoglobulin classes were shown by the enzyme linked method

No ofpatients Agglutination direct antiglobulin test Enzyme linked direct Comments
antiglobulin test

Immunoglobulins Complement
Immunoglobulins

11 IgG 0 IgG, IgM 9 haemolysing, 2 probably not
haemolysing

11 IgG + IgG, IgM 11 haemolysing
1 IgG 0 IgG, IgA, IgM Haemolysing
6 IgG + IgG, IgA, IgM 6 haemolysing
4 IgG 0 IgG, IgA 3 haemolysing, 1 no longer

haemolysing
4 IgG + IgG, IgA 3 haemolysing, 1 no longer

haemolysing
1 IgA + IgA, IgM Haemolysing
2 IgG, IgA 0 IgG, IgA, IgM 2 haemolysing
3 IgG, IgM + IgG, IgM, IgA 3 haemolysing

Table 3 Patients in whom agglutination direct antiglobulin tests were positive only with anticomplement reagents

No ofpatients Immunoglobulins detected by enzyme Comments
linked direct antiglobulin test

12 IgM 11 haemolysing, 1 could not be assessed; all cold type
autoimmune haemolysis

6 IgG 2 haemolysing, 4 not haemolysing
2 IgG, IgM 1 haemolysing, 1 not haemolysing
2 IgG, IgA, IgM 2 haemolysing

11 0 10 not haemolysing; 1 haemolysing, cells had reduced I
status; all had cold auto and pan antibodies

Table 4 Patients in whom agglutination direct antiglobulin tests were negative but enzyme linked tests were positive

No ofpatents Immunoglobulins detected by enzyme Comments
linked direct antiglobulin test

4 IgM 3 haemolysing (IgM autoantibodies warm reacting in 2
cases); 1 not haemolysing

8 IgG 3 haemolysing, 5 not haemolysing
3 IgA None haemolysing
1 IgG, IgA, IgM No longer haemolysing

ses were shown by the enzyme linked method (Table
2).
3 Thirty three patients in whom the agglutination
DAGTs were positive only with anticomplement
reagents (Table 3).
4 Sixteen patients in whom agglutination DAGTs
were negative but enzyme linked tests were positive
(Table 4).
5 Sixty six patients in whom both agglutination
and enzyme linked DAGTs were negative. Sixty one
patients had no evidence of haemolysis. In the other
five the haemolysis was not autoimmune in origin

but was due to paroxysmal nocturnal haemo-
globinuria, disseminated intravascular coagulation,
or the cause was not definitely known.

Discussion

The value of enzyme linked techniques for direct
antiglobulin testing is well illustrated by the present
study. The methods are simple and can easily be
incorporated into the routine workload of a labora-
tory; the reagents are stable and have a long shelf
life. Enzyme linked DAGTs are more sensitive than
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agglutination tests and can detect the small amounts
of IgG, IgA, and IgM which are normally present on
red cells.4 Although the results of the enzyme linked
tests are reported as positive or negative in this
paper, linear regression analysis comparing optical
density (y) with an established quantitative
radioimmune assay' (x) showed a close correlation
over the range 50-1800 molecules of IgG per red
cell (y = 041984 + 0-001098x; r = 0-956; p <
0-001; n = 26). This indicates that the enzyme
linked methods were quantitative, at least for IgG.
The enzyme linked DAGT was positive when more
than 100-120 molecules of IgG were bound per red
cell.
A striking feature is the presence of increased

amounts of immunoglobulins of more than one class
on many patients' red cells (Tables 1-4). Assessing
the degree of haemolysis in individual patients on
clinical and laboratory grounds, it appears that the
different immunoglobulin classes can act synergisti-
cally in causing red cell destruction and that this
effect is evident even with amounts too small to be
detected by the agglutination DAGT.
Although it is not uncommon to find immuno-

globulins of more than one class on red cells of
patients with active haemolysis,6-8 a synergistic
effect on red cell destruction does not appear to
have been considered previously. This is surprising
because such an effect is well known for comple-
ment components,9 and in vitro secretory IgA
significantly augmented IgG induced antibody
dependent cellular cytotoxicity.'0 Also mixed type
autoimmune haemolysis, where both warm IgG and
cold IgM autoantibodies are present, tends to be
severe," and the development of active haemolysis
in patients taking a-methyldopa has been attributed
to the additional presence of small quantities of
complement fixing IgM antibodies.'2
The increased sensitivity of the enzyme linked

DAGT over agglutination tests is also shown by the
cases in Tables 3 and 4. In several instances cell
bound immunoglobulin was found in patients who
had apparently recovered from autoimmune
haemolysis. Other cases fitted into the Coombs test
negative type of autoimmune haemolytic anaemia.'3
Two patients in this group had autoantibodies of the
rare warm reacting IgM type'4; these antibodies
were apparently non-complement fixing and were
thought to be monomeric in configuration. Both
patients had profound haemolysis which responded
well to treatment with prednisolone.
Twenty three patients with predominantly cold

reacting auto and pan antibodies and complement
coating of their red cells could be conveniently
divided into two groups depending on whether IgM
was also shown on their cells (Table 3). The pres-
ence of IgM correlated well with active haemolysis;
the one exception was unusual in that the red cells
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had reduced I status.
The red cell bound immunoglobulins detected

only by the enzyme linked methods were shown to
be erythrocyte antibodies by their ability to rebind
to normal red cells after elution from the patient's
cells; concentrated eluates from normal pooled 0
cells consistently gave negative results. High con-
centrations of plasma immunoglobulins may result
in non-specific absorption on to red cells, and in
three patients with myeloma immunoglobulins of
the same class and light chain type as the serum
paraprotein were detected on the red cells by the
enzyme linked DAGT. These immunoglobulins,
however, could not be reattached to normal red cells
after elution.

We thank Dr AH Merry for assistance with the
radioimmune assays, Mr AS Lawson for the linear
regression analysis, Dr W Wagstaff for helpful
advice, and Mrs P Burke for secretarial assistance.
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