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C O R R E S P O N D E N C E

A single dose of eculizumab terminated life- threatening haemolysis 
in idiopathic IgM- mediated warm autoimmune haemolytic anaemia: 
A case report

BACKGROU N D

Eculizumab is a recombinant humanised monoclonal anti-
body that targets complement factor 5 and prevents assembly 
of the membrane attack complex (MAC) on membranes of 
red cells following the initiation of the complement cascade. 
While eculizumab has been shown to terminate haemolysis 
in cold agglutinin disease (CAD), we describe the first case 
of life- threatening haemolysis due to idiopathic immuno-
globulin M (IgM)- mediated warm autoimmune haemolytic 
anaemia (IgM- wAIHA), which responded to a single dose of 
eculizumab with sustained remission.

CASE

A 58- year- old man presented to the emergency department 
with a generalised seizure following a 2- week history of fever, 
breathlessness, jaundice, and dark urine. Clinical examina-
tion revealed pallor, icterus, and mild splenomegaly. He had 
no past medical history and took no regular medications.

On admission he had severe normocytic anaemia [hae-
moglobin [Hb] 64  g/l], with markedly raised haemolytic 
markers [bilirubin 164 μmol/l, lactate dehydrogenase (LDH) 
540 u/l, haptoglobin <0·6 g/l] but with an inadequate bone 
marrow response (absolute reticulocyte count 122  ×  109/l) 
(Table 1).

The blood film showed spherocytes, polychromasia, nu-
cleated red cells (RBCs) and irreversible agglutination even 
after incubation at 37°C with no abnormal cells or atypical 
lymphocytes. A local monospecific direct antiglobulin test 
(DAT) for IgG, IgM, IgA, C3d and C3c was negative. Repeat 
DAT at a regional transfusion laboratory showed positive 
IgM 1+ and negative IgG, IgA, C3c and C3d. A pan- reactive 
autoantibody was identified on indirect antiglobulin testing 
(IAT), which also confirmed the absence of alloantibodies. 
Bone marrow examination revealed active trilineage haemo-
poiesis with megaloblastoid hyperplastic erythropoiesis and 
no evidence of lymphoproliferative disease.

Blood and urine cultures were negative. Serology for 
human immunodeficiency virus, hepatitis B virus, hepatitis 

C virus, mycoplasma, malaria, treponemal and fungal anti-
gens and IgM antibodies for Parvovirus B19, cytomegalovi-
rus and Epstein– Barr virus were negative. An auto- antibody 
profile was negative. Serum Ig levels were normal with no 
monoclonal band on immunofixation and cryoglobulins 
were not detected. A computed tomography (CT) scan of the 
chest, abdomen and pelvis showed splenomegaly of 16.3 cm 
but no lymphadenopathy or any other evidence of malig-
nancy. A CT scan of the brain showed no intracranial ab-
normality at admission. Magnetic resonance imaging of the 
head was later arranged on day 13, which showed bilateral 
labyrinthine haemorrhage more on the left and multiple ce-
rebral cortical haemorrhagic lesions suggestive of agglutina-
tion or thrombosis.

His Hb initially fell further despite transfusion through a 
blood warmer and required up to 4 units of packed cells/day 
to maintain this at >80 g/l (Figure 1), with a continuous rise 
in his haemolytic markers. By day 9, he had received 28 units 
of packed red cells. Rituximab was initiated as a weekly 
375  mg/m2 infusion on day 4, and mycophenolate mofetil 
(MMF) 1 g twice daily and intravenous Ig (IVIg) 1 g/kg/day 
were started on day 5 (Figure 1).

The off- license use of eculizumab was considered and a 
single dose of 600 mg was given on day 7, following which no 
further transfusions were needed, with a concordant fall in 
haemolytic markers (Figure 1). Baseline complement levels 
were not done. The patient noted a marked improvement in 
his symptoms and was discharged 10 days later. The patient 
continues to be in complete remission of this haemolysis 
3 years after this initial presentation.

DISCUSSION

Our patient presented with severe systemic symptoms 
with jaundice, dark urine, fevers, and convulsions in as-
sociation with life- threatening haemolysis. The DAT was 
weakly positive for IgM, and the blood film showed ir-
reversible agglutination on warming suggesting that the 
thermal amplitude of the IgM was close to 37°C, in keep-
ing with wAIHA.
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Warm AIHA is characterised by the binding of polyclonal 
Ig to RBC antigens, usually IgG, maximally at 37°C. The 
density of these RBC antigens is usually not high enough to 
fix complement and opsonised RBCs are then cleared by the 
reticulo- endothelial (RE) system, ordinarily resulting in ex-
travascular haemolysis.1

In contrast, CAD is mediated by IgM antibodies that 
bind to RBC antigens maximally at cold temperatures. 
Complement binding occurs due to the IgM structure and 
high antigen density on RBCs, leading to RBC aggrega-
tion. Usually complement activation is incomplete, with C3 
tagged RBCs cleared by the RE system resulting in extra-
vascular haemolysis. Severe CAD occurs when complement 
activation is complete to C9, resulting in severe intravascular 
haemolysis.2

IgM- mediated wAIHA is an atypical form of AIHA, and 
has been previously described to cause severe and fatal in-
travascular haemolysis.3,4 Its diagnosis is often very difficult 
and requires specialised testing by a reference laboratory.3 
IgM- wAIHA is often confused with CAD or mixed AIHA 
due to its rarity and complex serological findings, which may 
include positivity for both Igs and complements.3 Accurate 
differentiation requires determination of the cold agglutinin 
titre and thermal amplitude and eluate testing looking for 
reactivity and agglutination. Our patient’s serology showed 

panreactive autoantibody, which is a feature of warm hae-
molysis. In warm haemolysis, antibodies are directed against 
high- frequency antigens usually within the rhesus (Rh) sys-
tem or glycophorin molecules and are hence panreactive in 
serology panels.1,5 In contrast, cold reactive antibodies are 
directed against specific antigens (e.g. i, I, P and Pr).5 DAT 
negativity, as per our initial local laboratory testing, is also 
more consistent with warm rather than cold antibody hae-
molysis.5 In a study involving 410 patients, only 2% of pa-
tients with DAT negative for C3d had cold agglutinins titre of 
1:64 or more.6 DAT positivity for C3 is in fact a diagnostic cri-
terion for CAD.7 Warm IgM autoantibodies frequently yield 
a negative DAT when tested with monoclonal anti- IgM sera 
and various theories were put forward to explain this phe-
nomenon.4,8,9 The detection of RBC- bound IgM using stan-
dard tube DAT was reported in 30% of cases.3 Spontaneous 
agglutination frequently interferes with serological testing 
and may not resolve despite washing with warm saline or 
treatment with dithiothreitol (DTT).3 The detection of RBC- 
bound IgM can be enhanced by flow cytometry, which is pos-
itive in 71% of the cases negative by the tube DAT method.3 
The use of a dual direct antiglobulin test (DDAT) was also 
reported to enhance the detection of these antibodies.4

The life- threatening nature of haemolysis in our patient is 
consistent with an IgM- wAIHA.10– 14 Neurological complica-
tions, fever as well as fatal outcomes were reported in several 
patients with IgM- wAIHA.10– 14 Neurological complications 
might represent vascular occlusion by large RBC aggluti-
nates15 Or thromboembolic phenomenon that are known to 
complicate haemolysis.5 Non- complement fixing IgM auto-
antibodies were reported to cause AIHA in children,16 which 
may again point to a physical role for the agglutinates in the 
pathophysiology of disease manifestations.

IgM is a potent classical complement pathway activator, 
able to initiate the terminal (lytic) pathway. The resulting 
C5b- C9 complex on the RBCs, also known as the MAC can 
induce cell lysis. The amplifying nature of the cascade and 
positive feedback loops can result in accelerated, sometimes 
fatal intravascular haemolysis.2

Eculizumab is a monoclonal anti- C5 antibody, the first 
complement inhibitor to be used in the treatment of severe 
CAD. A trial in 13 patients with CAD demonstrated signif-
icant reductions in LDH, Hb stabilisation and transfusion 
avoidance.17 In our patient, the presence of agglutination 
led to an initial working diagnosis of CAD and avoidance 
of steroids.

The off- license use of eculizumab was sought as bridging 
therapy and appeared to markedly reduce haemolysis and 
transfusion dependence with only a single dose (Figure 1). To 
the authors’ knowledge, a single dose of eculizumab has not 
previously been shown to result in inhibition of the terminal 
complement cascade and termination of haemolysis in idio-
pathic IgM- mediated wAIHA. Complement inhibition plau-
sibly functioned as a bridge preventing complement- mediated 
haemolysis and buying time for rituximab and mycopheno-
late to work. The median time to response to rituximab in 

T A B L E  1  The results of initial blood tests at the time of hospital 
admission

Parameter Result (reference range)

Haemoglobin, g/l 63 (130– 180)

MCV, fL 91 (80– 99)

MCH, pg 40·3 (27– 32)

MCHC, g/l 445 (320– 360)

WCC, ×109/l 16·3 (4– 11)

Platelets, ×109/l 313 (140– 400)

PT, s 14·5 (11– 24)

APTT, s 26·8 (24– 33)

Fibrinogen, g/l 3·7 (2– 4)

Creatinine, µmol/l 71 (60– 120)

Reticulocyte count, ×109/l 122 (20– 80)

LDH, iu/l 540 (125– 255)

Haptoglobin, g/l <0·6 (0·6– 1·8)

Bilirubin, µmol/l 164 (0– 21)

Ferritin, µg/l 1230 (23– 540)

B12, ng/l 224 (220– 700)

Folate, µg/l >20 (2·6– 17·3)

ALT, iu/l 41 (2– 53)

ALP, iu/l 67 (30– 130)

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; APTT, 
activated partial thromboplastin time; LDH, lactate dehydrogenase; MCH, mean 
cell haemoglobin; MCHC, mean corpuscular haemoglobin concentration; MCV, 
mean corpuscular volume; PT, prothrombin time; WCC, white cell count.
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relapsed wAIHA is 3– 6  weeks1,5 and mycophenolate is sig-
nificantly slower requiring 1– 3 months.18 IVIg has a low re-
sponse rate, and the reported responses were short- lived.1,5,18 
Further research exploring the role of complement inhibitors 
in severe haemolysis in wAIHA is required. A national regis-
try would be useful to better understand such rare and sever 
cases.
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