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Penicillin-induced Haemolytic Anaemia
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Summary: The case histories of two patients with
penicillin-induced haemolytic anaemia are pre-

sented. One had received 20 mega units a day for 18
days, the other had received 20 mega units a day for
two days and then 12 mega units a day for 25 days,
before the haemolytic anaemia was diagnosed. Both had
previously had courses of penicillin. A strongly positive
direct antiglobulin reaction which appeared to be mainly
due to IgG antibody was one of the main diagnostic
features, and free IgG antipenicillin antibody was found
in the serum of both patients. The haemolysis appeared
to lessen as soon as the drug was stopped, and the direct
antiglobulin test became negative in 66-77 days.
Twelve additional reported cases are reviewed. All

had received high doses of penicillin and all had had
penicillin previously. The lowest dose recorded was 10
mega units a day for 26 days. The incidence of anti-
penicillin antibodies in a hospital population is given,
and the mechanism of this type of haemolytic anaemia
is discussed. Penicillin-induced haemolytic anaemia
should be suspected in any patient receiving penicillin
in high doses in whom there is a fall in the haemoglobin
level.

Introduction
In 1959 LUy et al. reported that penicillin may cause an immune
haemolytic anaemia. During the next nine years 11 further
cases were recorded (Strumia and Raymond, 1962; Beardwell,
1964 ; Van Arsdel and Gilliland, 1965 ; Clayton et al., 1965;
Dawson and Segal, 1966 ; Lai et al., 1966 ; Petz and Fudenberg,
1966; Nesmith and Davis, 1968). All these reports, apart
from that of Beardwell (1964), appeared in American literature.
Two further case histories are reported here and are reviewed

with the other 12 with special reference to pathogenesis, clinical
and haematological findings, and prognosis.

Materials and Methods
Penicillin-treated Red Cells.-A modification of the method

of de Weck (1964) was used. Washed normal group 0 red
cells were made up to a 16% suspension in 0.9% NaCl to
which one-tenth volume of 0.14 molar barbitone-buffered saline,
pH 9.5, had been added. Two millilitres of this suspension
was added to 6 ml. of buffered saline, pH 9.5, containing
400 mg. of penicillin G. The mixture was then incubated for
one hour at 370 C., washed six times in buffered saline, pH 7.2,
and finally made up to the required concentration in the same
saline. The same red cells, treated in exactly the same way but
without being exposed to penicillin, were used as controls.

Antiglobulin Sera.-A broad-spectrum antiglobulin serum,
an anti-IgG serum, and an anticomplement serum were used.

Serological Tests.-Direct antiglobulin tests were carried out
with the patient's red cells and the antiglobulin sera mentioned
above. Antibody was eluted from the patient's red cells by
Landsteiner and Miller's (1925) and Kochwa and Rosenfield's
(1964) techniques. The elutes and the patient's sera were
examined for antipenicillin and other antibodies. The tech-
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niques used were direct agglutination at 20° C. and the indirect
antiglobulin test at 370 C. with normal and penicillin-treated
red cells. The effect of 2-mercaptoethanol on the component
of the antibody causing direct agglutination of saline-suspended
penicillin-treated red cells was investigated by the method of
Mollison (1967). The sera were also examined for antibodies
against red cells treated with ampicillin, methicillin, and
cephaloridine.

Inhibition Studies.-The inhibitory effect of seven penicillin
derivatives was investigated by adding them to the serum of
Case A and testing this with penicillin-treated cells. The
derivatives (kindly supplied by Beecham Laboratories) were:
benzylamine salt of aminocaproic acid (E.A.C.A.), penicillin
G, penicillamine cysteine disulphide, benzylpenicilloic acid
(sodium salt), benzylpenilloic acid, benzylpenillic acid,
6-aminopenicillanic acid, and 6-aminopenicillanic acid E.A.C.A.
Combination of Penicillin with Red Cells.-The dose of

penicillin which had to be given to adult patients in vivo before
penicillin antigen became detectable on their red cells in vitro
was studied. Blood sampl3s were collected from 20 patients
on varying doses of penicillin. Penicillin antigen was detected
by obtaining a positive indirect antiglobulin reaction with their
red cells and the serum of Case A. A group AB serum, known
to contain no penicillin or other antibodies, was used as a
control. The concentration of penicillin in the serum of these
samples was estimated by the method of Fujii et al. (1961).
The effect of adding known concentrations of penicillin to
normal red cells was also investigated in the same way. Two
millilitres of a 160% suspension of washed gIoup 0 cells in
buffered saline, pH 9.5, was added to 6 ml. of penicillin in
0.9% NaCl to give final penicillin concentrations of 400, 40,
and 4 mg./ml., and 400, 40, and 4 pig./ml. The mixtures
were incubated for 24 hours at 3 7 C. Control red cells
without the penicillin were treated in the same way.

Penicillin Antibody Survey.-A total of 951 samples of
blood sent to the Blood Transfusion Laboratory at Hammer-
smith Hospital were tested for penicillin antibodies with the
use of penicillin-treated cells by a saline agglutination tech-
nique. Some of those that were positive were tested for IgG
antipenicillin antibodies by the indirect antiglobulin method.

Case A

The patient was a married woman aged 64. In 1958 she had
subacute bacterial endocarditis affecting the aortic valve and was
treated with intramuscular penicillin for 13 weeks. There was no
history of any reaction to the drug.
On 28 November 1966 she was admitted to the Hammersmith

Hospital with a history of tiredness and weight loss for three months.
On examination she was found to have a temperature of 99.4' F.
(37.4' C.), a soft aortic diastolic murmur, and splenomegaly. Three
blood cultures grew pure growth of Streptococcus viridans sensitive
to 0.12 Lg. of penicillin per ml. At that time the results of
haematological investigations were as follows: haemoglobin 9 5 g./
100 ml., P.C.V. 32-/o, M.C.H.C. 30%o, reticulocytes 1.4%, white
cell count 10,000/cu. mm. with a normal differential, and an
E.S.R. of 45 mm./hour. The red cells showed anisocytosis and
mild poikilocytosis.

She was started on penicillin G 20 mega units a day and strepto-
mycin 1 g. a day. After eight days' treatment she developed a
generalized erythernatous rash which did not disappear when the
streptomycin was stopped. At that time her haemoglobin level
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was 10.1 g./100 ml., with a P.C.V. of 32%. Six days later the
haemoglobin had fallen to 7.9 g./100 ml., and the P.C.V. to 24%.
After 18 days of penicillin therapy the haemoglobin was 7.2 g./
100 ml., P.C.V. 21%, reticulocytes 17.2%, and white cell count
3,200/cu. mm. The blood picture showed leucopenia with a rela-
tive eosinophilia, and films of the bone marrow showed increased
erythropoiesis with a marked left shift in granulopoiesis. The direct
antiglobulin test was strongly positive. The eluate and the serum
contained only antipenicillin antibodies,
The penicillin was stopped and the patient transfused with

1,500 ml. of blood. Antibiotic therapy with streptomycin and
erythromycin was continued until her discharge 21 days later. At
that time the direct antiglobulin test was still positive and the
haematological findings were: haemoglobin 9.5 g./100 ml., P.C.V.
26%, and reticulocytes 2.2%. The direct antiglobulin test was
found to be very weakly positive on 16 February 1967 and negative
on 3 March, 77 days after the penicillin had been stopped.

Case B

The patient, a man aged 66, probably had rheumatic fever when
he was 3 years old. In 1963 he was given 500,000 units of peni-
cillin twice a day for two weeks for suspected subacute bacterial
endocarditis with no untoward reaction.
He was admitted to the Hammersmith Hospital on 14 January

1967. On examination he was found to have a temperature of
100.7' F. (38.2' C.) and signs of aortic and mitral incompetence.
Six blood cultures grew pure growths of Str. viridans sensitive to
0.12 pig. of penicillin per nil. At that time the results of haemato-
logical investigations were as follows: haemoglobin 10.4 g./100 ml.,
P.C.V. 32%, M.C.H.C. 33%, and a white cell count of 7,000/
cu. mm. He was treated with 20 mega units of penicillin G a day
for two days and then 12 mega units a day. Fourteen days later
he developed a scaly petechial rash on his legs. On 8 February
it was noted that the reticulocyte count was 8% without any change
in haemoglobin or P.C.V., but two days later, after 27 days' treat-
ment, the haemoglobin had fallen to 8.7 g./100 ml. and the reticulo-
cyte count was 6%. The direct antiglobulin test was found to be
strongly positive, and the patient's serum and eluate of his red
cells contained antibodies specific for penicillin-treated red cells.
The direct antiglobulin test had been negative on 1 January, two
weeks before penicillin had been started. Penicillin was discon-
tinued, being replaced by erythromycin. Nine days later the haemo-
globin had risen to 9.4 g./100 ml. and the reticulocyte count was
3.2 %. The red cell survival was estimated by using the patient's
own cells labelled with "Cr, and the Tj was found to be 16 days.
On his discharge the haemoglobin was 12.1 g./100 ml., reticulo-

cytes 4.6%, and white cell count 6,000/cu. mm. The direct anti-
globulin test was found to be negative on 18 April, 66 days after
the drug had been stopped.

Results

The serological findings in Cases A and B are shown in
Table I.

agglutination. This direct agglutination was not affected by
2-mercaptoethanol, and so was thought to be due to IgG antibody.
The penicillin antibody was also shown to cross-react to a lower
titre with red cells treated with ampicillin, methicillin, and
cephaloridine (Table II). The eluted penicillin antibody was easily
inhibited by the addition of the benzylamine salt of E.A.C.A. peni-
cillin G to the eluate at a concentration of 0.00016 mg./ml. The
antibody in the serum was partially inhibited by the same substance.
The results of this test are shown in Table III. Of the other six
derivatives, only benzylpenicilloic acid gave slight inhibition at much
higher concentrations (25 mg./mnl.).

TABLE II.-Reaction of Antibody of Case A with Cells Treated with
Penicillin 0, Ampicillin, Methicillin, and Cephaloridine

Compound

Penicillin G ..
Ampicillin
Methicillin
Cephaloridine ..

Saline Indirect
Agglutination Antiglobulia

Titre Test Titre

512
256
128

2

32,000
4,096
1,024
'256

TABLE III.-Results of Inhibition of Indirect Antiglobulin Reaction
Between Serum of Case A and Penicillin-treated Red Cells
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Case B.-The patient's strongly positive direct antiglobulin test
was due to IgG antibody only. This could be eluted off the cells,
and reacted only with penicillin-treated red cells by the indirect
antiglobulin test. Free IgG antibody was present in the serum and
was demonstrated in the same manner.

Combination of Penicillin with Red Cells.-Of the 20
patients, only those receiving 12 mega units a day or more
gave a positive indirect antiglobulin test (Table IV). The
patient (Case 6) who was receiving 12 mega units a day was,
however, anuric at the time and high serum levels could be
expected. The results suggest that in most cases penicillin
will be detectable on the red cells only when the penicillin

TABLE I.-Serological Findings on Cases A and B

Case A Case B

Agglutinin tintres testing patient's red cells with various antiglobulin sera
BBroad spectrum .. 1.024 256

Antiglobulin J Anti-IgG (anti-y) .. 1,024 4,096
Sera Anti-C's and-C'4 (anti-non-./).. 16 0

Anti-C's . . . . 1 0

Agglutinin ritres testing patient's serum with penicillin-treated red cells
i Saline agglutination at 20' C. .. 512 1Technique Undirect antiglobulin test at 37' C. 32,000 512

Agglutinin titres testing eluted antibody from paticnt's red cells with penicillin-treated
red cells

Technique: Indirect antiglobulin test at 37' C. 8 64

Case A.-The patient's strongly positive direct antialobulin test
was due mainly to IgG antibody and the red cells were agglutinated
only weakly by anticomplement serum. An eluate of the patient's
red cells contained an IgG antibody which reacted only with peni-
cillin-treated red cells. The patient's serum contained antipenicillin
antibody which reacted with penicillin-treated red cells to a titre
of 32,000 by the indirect antiglobulin test and to 512 by direct

TABLE IV.-Relation Between Dose of Penicillin, Serum Concentratn
and a Positive Indirect Antiklobulin Reaction with Serum of Case A

Mega Length Of s
Csse Megsa Rut Tims. on Coouen- ICTNo. Day RDos in tracion

D5Y ~~~~~~Days(jsg./ml.)_____
1 20 Intravenous 21 18-2 +
2 20 ,, 13 390 +
3 20 ,, 10 21-0 +
4 20 ,,15 13-4 +
5 20 ,, 14 +
6 12 ,, 4 +
7 6 9 4-8 -

8 4 Intramuscular 13 4
9 4 ,, 7 5-4 -
10 4 ,, 1
ii1 4 ,,7
12 2 ., 7 Nil -
13 2 .. 5 09 -
14 2 .. 7 54 -
15 2 10 10-6 _
16 2 7 18
17 2 8 4-75 -
18 2,. 12 9-2
19 2 ,8 --
20 1-5 Oral 7 -_

All patients were adults. If they were on intravenous therapy the samples were
taken from the opposite limb. If they were on intramuscular therapy the samples
were taken one hour after the injection.

''1 hoh paUL1lu WdS dailsrb. itL time of taking the sample.
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concentration in the serum is above 13 fug./ml. or the dose to

an adult patient is about 15-20 mega units a day. In the
in-vitro test the minimum concentration of penicillin required
to give a similar result was 40 /ig./ml.

Penicillin Antibody Survey.-Of the 951 sera tested 123
(12.9%) agglutinated penicillin-treated cells suspended in saline.
Eighty-seven of these were further tested for IgG antibodies.
Fourteen gave titres of >4 and one gave a titre of 32. A drug
history was obtained from nine of these patients and seven

had had intramuscular penicillin within the previous three years

and two were on continuous penicillin therapy. None of 30
patients who had only agglutinating antibodies in their serum

had had penicillin in the previous five years.

Discussion

The development of immune haemolytic anaemia in patients

receiving parenteral penicillin depends on two factors: (1) the
coating of the patient's red cells with penicillin and (2) the
ability of the patient to synthesize large amounts of IgG peni-

cillin antibody. The former will occur in most patients receiv-
ing 15 mega units a day or more; the latter depends on the
immune response of the individual patient.

The lack of case reports of penicillin-induced haemolytic
anaemia from Great Britain is probably due to the use of lower
doses of penicillin in this country compared with those used
in the United States. However, it is possible that immune
haemolysis may go unrecognized, because high doses of penicillin
are usually given to patients suffering from subacute bacterial
endocarditis and septicaemia in whom increasing anaemia is
part of the clinical picture.
The two cases reported here are similar in many respects to

the 12 already recorded. These received penicillin for subacute
bacterial endocarditis (seven cases), other infections (three cases),
as postoperative cover (one case), and in the case reported by
Ley et al. (1959) no diagnosis is given. Eleven of the patients
had received 20 mega units a day at some time during treat-
ment. One (Beardwell, 1964) had been given 10 mega units
a day for 26 days. In four cases evidence of probable drug
allergy was seen before the development of the haemolytic
anaemia; in three it took the form of a rash and in one pyrexia
and malaise.

All these patients had a positive direct antiglobulin reaction
at the time that haemolysis was first diagnosed. This reaction
was detected as early as two days and as late as 26 days after
starting penicillin therapy. It is of interest that four patients
(Swanson et al., 1966; Dawson and Segal, 1966; Lai et at.,

1966; Nesmith and Davis, 1968) who had received small doses
of penicillin several days or weeks before being given the larger
dose developed a sudden brisk haemolysis, unlike the slow onset
seen in patients on constant high dosage.
The peripheral blood picture has not been helpful in the

diagnosis: spherocytosis has been seen on only one occasion
(Strumia and Raymond, 1962) and autoagglutination has not
been reported. In eight cases there was an eosinophilia either
in the peripheral blood or in the bone marrow; in one case
(Petz and Fudenberg, 1966) a leucopenia was seen at the height
of haemolysis, accompanied by a marked left shift in granulo-
poiesis.

Apart from the patient who had anti-Lea (Strumia and
Raymond, 1962), the only atypical antibodies which have been
found are those specific for penicillin-treated cells. Six of the
patients had an anaemia severe enough to require blood trans-
fusion. In all cases the haemolysis ceased on stopping the drug.
One patient (Petz and Fudenberg, 1966) was continued on

penicillin for 13 days after haemolysis was suspected. He was
treated with prednisolone, 60 mg. a day, without response, and
required blood transfusion. Two other patients were also given
corticosteroids without any apparent beneficial effect (Strumia
and Raymond, 1962 ; Lai et al., 1966). No patient has died
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as a result of uncontrolled haemolysis, but in one the haemo-
globin fell from 12.6 to 3 g./100 ml. in nine days, accompanied
by a reticulocytosis of 66% (Nesmith and Davis, 1968).

The Immune Reaction

The Antigen

The antigen is a hapten-protein complex formed by penicillin
combined convalently with proteins both on the red cell mem-
brane and in the serum. It was originally thought that this
hapten was the isomer of penicillin, D-benzylpenicillenic acid,
which has been shown to combine with red cells in vitro
(Levine, 1965). However, Josephson and Kaplan (1967)
have reported that penicillin can react with red cell protein
direct, possibly through the )-lactam ring of the nucleus,
6-aminopenicillenic acid.
The number of molecules of penicillin which must combine

with red cell protein before the antibody can cause immune
destruction is not known. Penicillin-induced haemolytic
anaemia does not seem to occur in patients receiving low doses
of penicillin, and we have been able to detect penicillin on the
surface of the red cells only in patients receiving 12 mega units
a day or more. This corresponds well with the findings of
Clayton et al. (1965) and Lai et al. (1966). Levine and
Redmond (1966), however, using saline haemagglutination
techniques and a specific benzylpenicilloyl antibody made by
immunizing rabbits, found that 100% of patients on 10-30
mega units a day gave very strong reactions and that 33 % of
patients on 1.2-2.4 mega units a day gave weak reactions. In
the latter group positive results were detected only in patients
receiving the highest dose of penicillin or in those who had
been given it for the longest time (18 days).

Penicillin and its related compounds are unique among the
drugs which cause immune haemolytic anaemia in that they
react chemically with the red cell membrane to form an antigen
which cannot be removed either by washing or by penicillinase
(Levine and Redmond, 1966).

The Antibody

The antibody in both our patients was shown to be only
IgG, like those described by Petz and Fudenberg (1966), Dawson
and Segal (1966), and Lai et al. (1966). In the cases reported
by Van Arsdel and Gilliland (1965) and Swanson et al. (1966)
a minor IgM component was also detected. The fact that only
a few patients treated with high doses of penicillin develop
a haemolytic anaemia indicates that only certain patients are

capable of producing sufficient IgG penicillin antibody.
In the antibody survey we found agglutinating penicillin

antibodies in the sera of 12.3 % of unselected patients, and

14 ,' of these had IgG penicillin antibodies. Using a different

technique, Levine et al. (1966a, 1966b) found IgM penicillin
antibodies in nearly all their patients, and the IgG penicillin
antibodies in 14%. It is controversial, however, whether these

antibodies have exactly the same specificity as the IgG antibody
responsible for the haemolysis (Van Arsdel and Gilliland,
1965; Petz and Fudenberg, 1966). The haemolytic antibody
is very difficult to inhibit with penicillin, while the other anti-

bodies are easy to neutralize. This may possibly be partly
quantitative. The amount of antibody produced by a patient
who is haemolysing may be very great and IgG antibody is

more difficult to neutralize than IgM antibody of the same

titre. Our first patient gave a positive indirect antiglobulin
reaction to a titre of 32,000.
The cross-reaction of the antibody with red cells sensitized

with ampicillin, methicillin, cephaloridine, and cephalothin is

to be expected because of the very close similarities in chemical

configuration of these drugs. It suggests that these drugs are

28 6 July 1968
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no alternative if the penicillin has to be stopped because of
haemolysis. Though no reports exist regarding in-vivo survival
of cells sensitized with ampicillin, methicillin, and cephalori-
dine, Nesmith and Davis (1968) reported that 51Cr-labelled red
cells sensitized with cephalothin had a TJ of 135 minutes when
injected into a patient with penicillin-induced haemolytic
anaemia.
We found, as did Bird (1960), that the antibody had no

effect on the in-vitro bactericidal activity of penicillin.
Incidence of Haemolytic Anaemia after High-Dose Penicillin

Therapy.-The incidence of penicillin immune haemolytic
anaemia in patients receiving high doses of penicillin is not
known, but it is probably not common. We have observed four
other patients who were receiving 20 mega units a day for
up to six weeks. All gave negative direct antiglobulin tests,
and no antipenicillin antibodies were detected in their sera,
even though penicillin was easily detectable on the red cells.
None of the patients developed signs of haemolysis during
therapy. Petz and Fudenberg (1966) briefly mentioned a
patient with a positive direct antiglobulin test and penicillin
antibodies in the serum, in whom there was no evidence of
increased destruction of the red cells.

We thank Professor C. C. Booth and Professor J. P. Shillingford
for permission to publish case histories of the two patients, Mrs.
Jane Farndon and Mrs. Pamela Lisamore for skilled technical
assistance, Mrs. Ruth Mitcheson for measuring the penicillin serum

concentrations, and Professor J. V. Dacie for his helpful criticism
of this paper.
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Heart Damage Associated with Intracranial Lesions

RICHARD C. R. CONNOR,* M.B., B.S.

[WITH SPECIAL PLATE FACING PAGE 8]

Brit. med. J., 1968, 3, 29-31

Summary: Focal myocytolysis, a form of myocardial
damage, has been found to occur in about 8% of

patients dying of intracranial lesions. Electrocardio-
graphic abnormalities in patients with brain damage may
be due to this. The cause of focal myocytolysis remains
unknown, but if it could be prevented it might avert the
patient's death from cardiac arrest or arrhythmia. More-
over, more than a minimal degree of this type of damage
to the heart might make it unsuitable for transplantation.

Introduction
It has been known for at least 30 years (Aschenbrenner and
Bodechtel, 1938) that brain lesions may be accompanied by
abnormalities in the electrocardiogram (E.C.G.). Post-mortem
examination of hearts from such patients has not usually shown
any appreciable abnormality, and a vague impression has arisen
that E.C.G. changes are due to neural influences rather than
to actual myocardial changes (Cropp and Manning, 1960). It
is therefore important to record that myocardial damage does
occur in patients with brain lesions. One type of this damage
is focal myocytolysis (Schlesinger and Reiner, 1955), which is
the subject of this paper. If such damage is more than minimal
it might render the heart unsuitable for transplantation.

*Assistant Pathologist, Pathology Department, Western Infirmary,
Glasgow.

Material and Methods
From September 1964 until April 1966 231 necropsies were

performed in the West of Scotland Neurosurgical Unit. The
four main causes of death were intracranial haemorrhage 35%,
intracranial tumours 25%, head injuries 20%, and intracranial
infection 15%.

Blocks of ventricular myocardium were fixed in neutral
formol saline (10%) and double-embedded by the method of
Russell (1956). During the period of this study two transverse
slices of most hearts were taken across both ventricles, one
about 3 cm. from the apex and the other near the atrioventri-
cular junction. These slices were then divided into multiple
blocks. From 18 cases with myocytolysis 170 blocks of myo-
cardium were examined. Paraffin sections were stained with
haemalum and eosin and Masson's trichrome method.

Correlation of the findings with E.C.G. changes is unfortun-
ately impossible. As the neurosurgical unit is not part of a
general hospital, E.C.G.s are not performed routinely.

Results

Examination of the 231 hearts showed that 18 had foci of
myocytolysis though significant abnormality bad not been seen
on naked-eye inspection. Of the 170 blocks from these 18 cases
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