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The timely diagnosis and management of 
neonatal haemolytic anaemia is of critical 
importance in neonatal units. In neonates 
presenting with hyperbilirubinaemia, non-
immune haemolysis and a positive family 
history, a high index of suspicion is raised 
for hereditary red cell membrane disorders. 
These include hereditary spherocytosis 
(HS), hereditary elliptocytosis (HE) and 
hereditary stomatocytosis (HSt). These 
disorders can often be diagnosed by 
the characteristic red blood cell (RBC) 
shape on peripheral blood smear (PBS) 
(Fig. 1). However, the RBC shape is not 
always specific for the particular red 
cell membrane disorder. Appropriate 
specialised investigations of both the 
neonate and parents are indicated, with 
further management by a paediatric 
haematologist. We present a case of a 
26-day-old female twin who presented 
with a persistent non-immune haemolytic 
anaemia, which required multiple red cell 
transfusions.

Case
A 26-day-old female neonate was referred 
to the Charlotte Maxeke Johannesburg 
Academic Hospital with a history of severe 
transfusion dependent haemolytic anaemia. 
Neonatal jaundice developed within 12 hours 
of delivery. At birth, the haemoglobin (Hb) 
was 10.9 g/dL and the unconjugated bilirubin 
was 240 μmol/L.  This female dizygotic twin 
(birth weight 1 910 g) was delivered by 
caesarian section at 34 weeks᾽ gestation 
for premature rupture of membranes. Both 
parents originated from Angola and an in 
vitro fertilisation pregnancy was performed 

In neonates presenting with a non-immune haemolytic anaemia, a high index of suspicion is raised for hereditary red cell membrane disorders. 
The distinction between red cell membrane disorders, however, is often difficult in neonates in the absence of a complete family history. We 
describe a case of a 26-day-old female twin who presented with jaundice and severe haemolysis, which required multiple red cell transfusions. 
Laboratory investigations revealed a non-immune haemolysis. Red cell membrane extraction and sodium dodecyl sulphate-polyacrylamide 
gel electrophoresis analysis, including spectrin analysis, revealed the presence of mutant spectrin αI/74. A diagnosis of hereditary elliptocytosis 
with transient infantile poikilocytosis was favoured. On follow-up at 4 months, a decline in haemolysis was observed.
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Clinical history
Evidence of haemolysis, history of jaundice, hepato-splenomegaly

+
Family history

Autosomal dominant or less commonly autosomal recessive

Screening tests
Full blood count (FBC)

Peripheral blood smear (PBS)
Haemolytic work-up:

Increased reticulocyte count, low haptoglobin, negative direct
Coombs, raised LDH and unconjugated hyperbilirubinaemia

Hereditary spherocytosis 
FBC: normal-high MCHC, 
low-normal Hb 
PBS: spherocytes

Hereditary elliptocytosis
FBC: low-normal Hb, low MCV in HPP
PBS:  
HE: Elliptocytes 
HPP: Fragmentation and poikilocytosis 
SAO: Ovalocytes

Hereditary stomatocytosis
Overhydration
FBC: Low Hb , increased MCV, decreased MCHC
PBS: Stomatocytes, macrocytes            
Dehydration
FBC: Normal Hb, normal-increased MCV, increased MCHC
PBS: Stomatocytes, target cells

Specialised investigations
Red cell membrane protein analysis (HS, HE, HPP)

Spectrin analysis (HE, HPP) 
EMA test  (HS, HPP)

Molecular genetic testing             
PCR / gene sequencing (SAO, HS, HE, HPP) 

Cation �ux/intracellular cation content (HSt)

Presence of a red cell membrane disorder
HS: Reduction in spectrin (α and β), 
ankyrin, band 3 or protein 4.2, 
decreased EMA                    
HE:  Protein 4.1R de�ciency or spectrin 
self-association defect, normal 
spectrin content 
HHP: Reduced αspectrin, 
severe spectrin self-association defect, 
decreased EMA       
SAO: 27 bp deletion in band 
3 gene (SLC4A1)
HSt: Abnormal cation �ux/content

No red cell membrane disorder
Red cell enzymopathy
G6PD screen                         
Individual enzyme levels 
Haemoglobinopathy
Unstable Hb screen                       
Hb electrophoresis

Fig. 1. A diagnostic approach for hereditary red cell membrane disorders. (LDH = lactate dehydrogenase; 
MCV = mean cell volume; MCHC = mean corpuscular haemoglobin concentration; Hb = haemoglobin;  
HS = hereditary spherocytosis; HE = hereditary elliptocytosis; HPP = hereditary pyropoikilocytosis;  
SAO = South East-Asian ovalocytosis; HSt = hereditary stomatocytosis; PCR =  polymerase chain reaction; 
EMA = eosin-5’-maleimide; G6PD =  glucose-6-phosphate dehydrogenase.) 
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with paternal sperm and a donor egg. As such, a complete family 
history could not be obtained.

The female twin continued to haemolyse and was referred to our 
centre for specialist investigations and management (Fig. 2). The 
laboratory parameters are presented in Table 1. The Hb was 7.10g/dL 
on admission, with a corrected reticulocyte count of 3.85 %. The PBS 
showed moderate polychromasia and numerous red cell fragments, 
as well as occasional spherocytes (Fig. 3). The direct Coombs test 
was negative. Specialist investigations for non-immune haemolysis 
were performed, namely Hb electrophoresis, glucose-6-phosphate 
dehydrogenase screen and unstable Hb analysis, which were all 
within normal limits. Analysis of isolated red cell membrane proteins 
using sodium dodecyl sulphate-polyacrylamide gel electrophoresis 
(SDS PAGE) analysis revealed no abnormalities. Native PAGE of 
isolated spectrin and structural analysis by limited digestion with 
trypsin indicated the presence of mutant spectrin αI/74. This favoured 
the diagnosis of HE with transient infantile poikilocytosis. 

At four months of follow-up, a decline in haemolysis was observed 
with a Hb level of 11.3 g/dL in the female twin. The PBS showed 
mild polychromasia, occasional spherocytes and red cell fragments. 
The family returned to Angola and the patient was lost to follow-up. 
The male twin developed mild jaundice after birth which responded 
to phototherapy. He had no associated anaemia. Red cell membrane 
protein analyses, in the male twin, were not performed. 

Discussion
HE is a hereditary red cell membrane disorder, which is characterised 
by mechanical instability of the red cell membrane skeleton.[1] 
The majority of the HE membrane defects occur in α and β 
spectrin,[2] which result in disruption of the spectrin heterodimer 
self-association sites, impairing spectrin tetramer formation. This 
results in haemolysis. 

HE is classified according to its clinical presentation into 
asymptomatic or non-haemolytic HE, HE with variable haemolysis, 
HE with transient infantile poikilocytosis and hereditary 
pyropoikiolcytosis (HPP).[2] The clinical severity of HE described 
in family studies is markedly heterogenous.[3] The most frequent 
presentation of HE is HE with variable haemolysis, which mostly 
follows a benign clinical course. This is typically inherited in an 
autosomal dominant fashion and the amount of mutant and normal 
spectrin are equivalent. In contrast, HE with transient infantile 
poikilocytosis and HPP present during the first year of life with 
severe transfusion dependent haemolytic anaemia. HPP is a severe 
autosomal recessive disorder. Cases of HPP show a marked spectrin 
dimer self-association defect and a decreased amount of spectrin. 
This severely weakens the membrane skeleton, resulting in red cell 
fragmentation and severe haemolysis. The distinction between HPP 

and HE with transient infantile poikilocytosis is often difficult in 
neonates presenting with severe haemolysis. Clinically, HPP cases 
typically remain transfusion dependent until a splenectomy is 
performed, in contrast to HE with transient infantile poikilocytosis 
which evolves into the mild HE phenotype.[1-3] The diagnosis 
is confirmed by analysis of red cell membrane protein analysis, 
including spectrin analysis. 

In this case, red cell membrane protein and spectrin analyses 
favoured the diagnosis of HE in association with transient infantile 
poikilocytosis. However, the FBC and PBS findings of a low mean cell 
volume (MCV), as a result of the significant red cell fragmentation 
and the absence of elliptocytes, suggested a diagnosis of HPP. Further, 
the clinical presentation was severe, with a requirement for multiple 
red cell transfusions. Since the proband had been transfused prior 

Table 1. Presenting laboratory features at Charlotte Maxeke 
Academic Hospital
Haemoglobin 7.10 g/dL
Platelet count 443 x 109/L
Corrected reticulocyte count 3.85 %
Total bilirubin 201 μmol/L
Unconjugated bilirubin 21 μmol/L
Peripheral blood smear Numerous red cell fragments

Mild polychromasia
Occasional spherocytes (post 
transfusion)
Anisopoikilocytosis

Direct Coombs test Negative
Lactate dehydrogenase 384 U/L
Urea 3.3 mmol/L
Creatinine 19 μmol/L
Haemoglobin electrophoresis Within normal limits
Unstable haemoglobin analysis Within normal limits
Glucose-6-phosphate 
dehydrogenase screen 

Within normal limits

Red cell membrane protein 
analysis* 

Spectrin dimer self-association 
defect with mutant spectrin 
αI/74

*Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS PAGE) 
analysis of red cell membrane proteins and spectrin analysis with native PAGE 
and tryptic digestion.

Figure 2. Haemoglobin levels and red blood cell transfusions (indicated in arrow text boxes) 
from birth
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Fig. 2.  Haemoglobin levels and red blood cell transfusions (indicated in arrow 
text boxes) from birth.

Fig. 3. The Giemsa-stained peripheral blood smear showing numerous red cell 
fragments (circle), mild polychromasia (arrow) and occasional spherocytes 
(square) (50× magnification).
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to performing specialist investigations, the presence of transfused 
red blood cells would have increased the relative amount of normal 
spectrin compared with the mutant spectrin. It is thus important 
to perform definitive diagnostic tests, such as red cell membrane 
protein studies prior to transfusion, in order to prevent diagnostic 
misinterpretations. 

At ~4 months of age, there is a switch from fetal to adult Hb. 
This results in an increase in the stability of the red cell membrane 
skeleton. On follow-up, at 4 months of age in this case, there was 
a decline in haemolysis and the Hb was stable. The clinical and 
laboratory picture of HE usually emerges from ~18 months of 
age. A repeat spectrin analysis (performed at least 3 months post 
transfusion) is required to confirm the diagnosis. In addition, family 
studies are indicated. In members of the same family with this 
mutation, the clinical presentation may be heterogeneous with a 
phenotypically different disease. Unfortunately, the patient and her 
family have been lost to follow-up. 

Conclusion
This case report emphasises the importance of reviewing the 
PBS routinely on all neonates presenting with anaemia and non-
physiological jaundice. At a primary care level, initial laboratory 
investigations should include an FBC, PBS examination, reticulocyte 
count, direct Coombs test and a haemolytic workup. It should be 
noted that the classic morphologic abnormalities of HE (elliptocytes) 

are usually not present during the first few weeks of life. Specific 
investigations include SDS-PAGE analysis of red cell membrane 
proteins, native PAGE for spectrin analysis and molecular diagnostic 
testing if the clinical and laboratory findings suggest a hereditary red 
cell membrane disorder. It is important to perform the appropriate 
specialised laboratory tests prior to transfusion to avoid a delay in 
diagnosis.
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