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Immunological mechanisms in drug-induced
blood dyscrasias
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Drugs can produce blood disorders in many ways.
At one end of the spectrum are dose-dependent
effects which can be explained in pharmacological
terms as 'toxic' reactions. At the other end of the
spectrum are dose-independent effects which cannot
be predicted. With the discovery of the causal rela-
tionship between amidopyrine intake and agranulo-
cytosis in certain patients, increasing attention has
been paid to the latter phenomena and a number of
distinct immune mechanisms have been elucidated
in drug-induced blood dyscrasias.
The first mechanism is similar to that encountered

in experimental serum sickness (Cochrane and
Koffler, 1973). The thrombocytopenia and leuco-
penia in this condition is probably due to the effect
of immune complexes on the cells: platelets and
leucocytes, coated with antigen-antibody complexes,
are eliminated from the circulating blood, pre-
sumably through phagocytosis by the reticuloendo-
thelial system (Miescher, 1955; Mannick
Haakenstad, and Arend, 1974). A similar immune-
complex type mechanism is likely to be operative in
many cases of drug-induced thrombocytopenia and
leucopenia.
The second mechanism has been used for many

years as a serological tool for the detection of anti-
bodies and is the agglutination of antigen-coated red
cells by antibody (passive hemagglutination).
Damage to drug-coated cells by drug-specific anti-
bodies is today a well recognized mechanism in
certain drug-induced cytopenias.
A third mechanism emerged from the clinical

observation that certain drugs lead to the develop-
ment of autoantibodies, ie, antibodies directed to
autologous antigenic determinants.

In this review, these three mechanisms are dis-
cussed first and serological methods available for
diagnosis of immune drug-induced blood dyscrasias
will be discussed later.

Inmune-complex-mediated Cell Damage

In 1949, Ackroyd (1964, review) discovered a number
of in-vitro reactions suggesting that platelet dam-

age in Sedormid-(allylisopropylcarbamide)-induced
thrombocytopenia might be mediated by Sedormid/
antibody complexes, although at that time he came
to a different conclusion. Soon after, Moeschlin and
Wagner (1952) observed analogous in-vitro pheno-
mena with the serum of a patient suffering from
amidopyrine-induced agranulocytosis, but again the
pathogenesis underlying this observation was inter-
preted in a different way. Shulman's studies (1958),
as well as our own (Miescher, 1955), have suggested
that formation of immune complexes and their sub-
sequent deposition on the cells are most likely to be
operative in this type of cytopenia although a
number of pertinent questions are stilJ unanswered:

1 Why should one particular drug always pro-
duce thrombocytopenia when complexed with an
antibody and another drug always produce agranu-
locytosis ?

2 Why is the disappearance of platelets or leuco-
cytes from the peripheral blood almost complete,
whereas experimental serum sickness is only as-
sociated with a slight degree of thrombocytopenia
and leucopenia?

3 Why are the precursor cells within the bone
marrow affected so greatly in this type of agranulo-
cytosis ?

Various observations might help to answer the
fiist question. In the case of Sedormid, it was shown
that the drug concentrated around platelets without
being strongly attached. Furthermore, it was shown
that the drug could be washed off the platelets very
easily. This affinity of Sedormid for platelets may
favour the attachment of the drug-antibody-com-
plexes to the cells. In the case of drugs shown to
induce thrombocytopenia in some patients and im-
mune haemolytic anaemia in others, Shulman (1963)
was able to demonstrate that thrombocytopenia was
usually mediated by IgG antidrug antibodies where-
as immune haemolytic anaemia was usually mediated
by IgM antidrug antibodies. From this observation
it was suggested that the type of antibody involved
in the formation of immune complexes may also be
relevant for the cell specificity of the reaction and it
might be postulated that this specificity is related to
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the cell surface receptors (Nussenzweig, Lay, and
Miescher, 1969). However, this question is still
wide open to further investigation, particularly when
drugs are the antigen or the hapten involved.
The question of why granulocytes and/or platelets

almost totally disappear from the peripheral blood in
drug-induced agranulocytosis and/or thrombocyto-
penia and are frequently associated with a gradual
disappearance of the precursor cells is equally diffi-
cult to answer. In this context, one should bear in
mind that agents which raise the intracellular level
of cyclic AMP, such as theophyllin or prostaglandin
El, have been implicated in additional damage to
subcellular organelles (Gillespie, 1971). Thus drug/
antibody complexes might be harmful to blood cells
through at least two pathways, first because the
complex coats the cells and secondly because of the
potentiated toxic effect of the antigen.
The removal of large quantities of cells from the

circulating blood with special procedures (leuco-
pheresis, thrombocytopheresis) does not lead to
damage to the precursor cells and, in experimental
serum sickness, neutropenia is not accompanied by
damage to the cells in the bone marrow. However, in
many drug-induced leucopenias, drug-mediated
damage is not limited to circulating cells but affects
precursor cells as well. The pathogenesis of the bone
marrow damage has not yet been elucidated but a

number of differing mechanisms may be operative.
The recovery time of agranulocytosis not only varies
with the extent of cell damage in the bone marrow

(injury to myelocytes, promyelocytes or myelo-
blasts), but also with the pharmacological variety of
drugs involved, ie, being relatively short with amido-
pyrine and much longer with phenothiazines.

Damage to Drug-coated Cells by Drug-specific
Antibodies

This mechanism was first demonstrated in penicillin-
induced immune haemolytic anaemia. Evidence has
been provided that part of the immunogenicity of
benzylpenicillin is due to a rearrangement of its
isomer D-benzylpenicillenic acid, a compound which
is chemically highly reactive with proteins. Levine
and Redmond (1967) could demonstrate that 30%
of patients taking 1-2-2-4 million units of penicillin
had some detectable drug on their red cells and all
patients taking 10 or more million units had large
amounts of the drug on their cells. In patients who
have developed a high titre of IgG antibodies to
benzylpenicilloyl haemolytic anaemia occurs as a

consequence of the reaction of these antibodies with
the drug attached to the red cells (Levine, Fellner,
and Levytska, 1966). Hapten inhibition experiments
have indicated that only benzylpenicilloyl-specific

antibodies are involved in this type of immune
haemolytic anaemia (Levine et al, 1966). The anti-
bodies thus appear not to react with antigenic deter-
minants on the red cell. Very similar pathogenetic
events seem to be operative in cephalothin-(Keflin)
induced haemolytic anaemia (Gralnick, McGinnis,
Elton, and McCurdy, 1971). The red cell appears to
be damaged by cephalothin bound onto its surface
and is then destroyed following the union of circulat-
ing anticephalothin antibody with the antigen. For
clinical purposes it is important to know that the
incidence of penicillin-induced haemolytic anaemia
is much commoner than that of cephalothin-induced
anaemia and ranks at the top of a series of some 15
drugs incriminated in immune red cell damage
(review in Miescher, 1973).
More recently, it has been shown that cephalothin

can lead to thrombocytopenia. Gralnick, McGinnis,
and Halterman (1972) were able to detect a cephalo-
thin-specific antibody in a well studied patient suffer-
ing from cephalothin-induced thrombocytopenia.
When cephalothin was added to the patient's plate-
lets, her serum agglutinated her in-vitro cephalothin-
coated platelets but not her own uncoated platelets.
This activity could be neutralized by prior incuba-
tion of the serum with cephalothin. This latter
experiment distinguishes this type of mechanism
from the immune complex type of damage in which
a preformed complex produces agglutination
(Pfueller and Luischer, 1972).

Drug-induced Autoimmune Phenomena

The association of certain drugs, eg, hydralazine,
procainamide, with antinuclear antibodies has lead
to the assumption that the two events are causally
related (Perry and Schroeder, 1954; Blomgren,
Condemi, Bignall, and Vaughan, 1969). Indeed,
when procainamide medication is discontinued in
patients taking this drug and exhibiting an SLE-like
syndrome, antinuclear antibody and clinical symp-
toms and signs of SLE gradually disappear
(Blomgren et al, 1969). Subsequently, this observa-
tion was extended to other autoantibodies as well
and in particular to antibodies directed against
antigenic determinants located on the membrane of
red cells.

Indeed, with the introduction of methyldopa into
the treatment of hypertension, this mechanism was
firmly established. In fact, about 20% of patients
receiving this drug for many months have been
shown to develop a positive IgG Coombs test which
is due to antibodies specific for the Rh locus
(Carstairs, Breckenridge, Dalleny, and Worlledge,
1966; Eyster and Jenkins, 1970). This phenomenon,
however, leads to overt haemolysis only in 1 % of
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methyldopa-treated patients with a positive Coombs
test (Worlledge, 1973).
Methyldopa does not participate in this reaction

which, therefore, is due to an autoantibody whose
production has been triggered by the drug. While
this mechanism of drug-induced blood damage
appears today well established, it is not yet possible
to explain how the drug leads to autoimmunization.
It has been suggested that the drug may alter the
autologous antigen in such a way that it becomes
antigenic but there is no proof to substantiate this
hypothesis.

Serological Methods for the Detection of
Drug-induced Allergic Blood Dyscrasias

Erythrocytes lend themselves to serological studies
much more than platelets or leucocytes. It is easy
to prepare a suitable red cell suspension which does
not lead to intrinsic cell-to-cell interactions. There-
fore, red cells are frequently used as an indicator
system in a great variety of immunological reactions
where the endpoint is either haemolysis or agglutina-
tion.

In contrast, both granulocytes and thrombocytes
are activated by a variety of physiological pheno-
mena which may lead to an increase in oxygen con-
sumption and enzyme release. Any surface activa-
tion may lead to agglutination of the cells and, in the
case of platelets, to viscous metamorphosis and thus
the process may be mistaken for 'immune-agglutina-
tion' or 'immune-lysis'. This susceptibility of leuco-
cytes and platelets to surface activation from non-
immunological causes limits their usefulness in
serological procedures.

RED CELLS
The classical serological reactions with red cells are
based on the antiglobulin test (review in Mollison,
1967). Some drug-dependent immune reactions pro-
duce a positive anti-immunoglobulin or anti-comple-
ment test when the reaction mixture contains the
drug-specific antibody, the drug, the red cells and
fresh serum (Harris, 1956). In the immune complex
type of reaction, washing of red cells removes the
drug as well as the antibody, leaving only comple-
ment on the surface of the red cells and thus tests
with anti-immunoglobulin will be negative and the
cells will only be agglutinated with anti-comple-
ment. When the drug is attached to the red cell, both
tests may be positive since the antibody will resist
washing if the attachment if firm enough. Finally,
in the case of penicillin, the best results are obtained
if red cells are previously coated with the drug.
Anti-immunoglobulin and anti-complement tests
are therefore still the most frequently used systems

Urs Nydegger and Peter A. Miescher

for assessment of both drug-antibody complex and
drug-coating injury to red cells.

PLATELETS
Various in-vitro methods for the detection of drug-
platelet immune reactions have been developed but
agglutination techniques are still the most frequently
used. A positive test with negative controls and
inhibition experiments (Gralnick et al, 1972) is
essential before the drug is incriminated as a possible
aetiological agent of thrombocytopenia. Since none
of these tests gives complete information on the
pathogenesis of a given reaction, these studies may
be combined with in-vivo tests to measure the survival
time of radioactive-labelled autologous platelets in
treated patients.

In the Sedormid type of thrombocytopenia, the
reaction mixture of drug-specific antibody, drug and
platelets may produce agglutination strong enough
to be easily distinguished from non-specific clumping
(Ackroyd, 1964). Furthermore, in some patients
with this type of thrombocytopenia, the addition of
the drug to the citrated blood will result in an inhi-
bition of clot retraction after recalcification. One of
the most sensitive tests is probably the complement
fixation test with the patient's serum, platelets and
the offending drug, but anti-HL-A alloantibodies
may lead to 'false'-positive results. Other methods
which have been proposed for the detection of drug-
dependent platelet reactions in the serum are platelet
factor III release (Karpatkin, 1971), a-amino-
nitrogen generation (Nachman and Engle, 1963)
and serotonin-uptake inhibition (Davis and Wilson,
1964). None of these methods is suitable as a routine
laboratory test.

LEUCOCYTES
Only a few in-vitro techniques are available for
testing drug damage to leucocytes. Moeschlin and
Moreno (1954) have shown that, in the case of
amidopyrine, the patient's serum may for a limited
time after drug exposure agglutinate leucocytes,
presumably because of circulating immune com-
plexes (Miescher, 1955). In other cases, agglutination
of leucocytes may occur when a drug-specific anti-
body reacts with the cells in the presence of the drug.
Leucoagglutinins, occurring during the acute phase
of agranulocytosis, have also been described with
dipyrone (Huguley, 1964) and phenylbutazone
(Weissmann and Xefteris, 1959).
One of the most reliable tests is probably the

complement-fixation test with the patient's serum,
leucocytes and the offending drug. As in the case of
platelets, HL-A-dependent complement fixation has
to be ruled out.
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SPECIAL TESTS FOR THE DETECTION OF

ALLERGIC DRUG REACTIONS

It must be stressed that the demonstration of drug-
dependent leucocyte and platelet serum factors is
still the exception. Therefore, it is not surprising
that a great variety of techniques have been de-
scribed for this purpose. Tullis (1958) has reported
a leucolytic test which involves counting the leuco-
cytes before and after incubation with the offending
drug. Furthermore, blast transformation (Halpern,
Ky, Amache, Lagrue, and Hazard, 1967) and in-vitro
thymidine uptake by lymphocytes in the presence
of drugs have been used (Holland and Mauer,
1965). Other techniques based on cell function,
such as oxygen consumption, phagocytosis and
serotonin release. Unfortunately, none of these
procedures is suitable as a routine diagnostic test.

Conclusion

Although drug-induced allergic blood dyscrasias
occur with increasing frequency in proportion to the
consumption of drugs, it is still difficult to make an
accurate diagnosis in the individual case. All too
often, the diagnosis remains presumptive and seio-

logically proven cases are exceptional. As a matter
of fact, each time that it has been possible to reveal
the underlying mechanisms, there has been a special
report to mark this unusual event. Nevertheless, it is
hoped that further investigation will not only
facilitate diagnosis but also teach us more about
the pathogenesis of the various types of drug-induced
immune cell damage.
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