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 Abstract 

 Heterozygous pathogenic variants in  SPTB  cause autosomal 
dominant hereditary spherocytosis, an important cause of 
neonatal nonimmune hemolytic anemia. Biallelic mutations 
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   Established Facts 

 • Hereditary spherocytosis (HS) is the most common cause of neonatal nonimmune hemolytic anemia 
and confers considerable morbidity and mortality. 

 • Management of severe neonatal-onset HS emphasizes aggressive transfusion and prevention of hyper-
bilirubinemia. 

 • Heterozygous pathogenic variants in  SPTB  cause autosomal dominant β-spectrin deficient HS. 
 • Biallelic mutations are rarely reported. 
 • Rapid whole-exome sequencing has demonstrated feasibility and cost-effectiveness in acute care set-

tings. 

   Novel Insights 

 • A novel biallelic  SPTB  variant (c.6119C>T) causes severe neonatal-onset HS. 
 • This variant in homozygous states confers severe transfusion-dependent hemolytic anemia, conju-

gated hyperbilirubinemia, and progressive liver failure. 
 • Asymptomatic heterozygotes demonstrate mild hematologic manifestations. 
 • Early rapid molecular diagnosis facilitates hypertransfusion to suppress ineffective erythropoiesis and 

reverse hepatic dysfunction. 
 • Rapid whole-exome sequencing should be considered in the critically ill neonate with nonimmune 

hemolytic anemia. 

http://dx.doi.org/10.1159%2F000505886


 Rapid Genomic Diagnosis: Hereditary 
Spherocytosis 

Mol Syndromol 2020;11:50–55
DOI: 10.1159/000505886

51

are rarely reported, all with severe neonatal presentation. 
We describe rapid (68 h) genomic diagnosis of homozygous 
β-spectrin deficiency in a newborn with severe transfusion-
dependent hemolytic anemia, conjugated hyperbilirubine-
mia, and progressive liver failure. Trio whole-exome se-
quencing identified a novel biallelic  SPTB  variant (c.6119C>T; 
p.Thr2040Ile) located in the critical spectrin repeat region. 
Pretransfusion blood film showed marked spherocytosis in-
cluding microspherocytes and nucleated erythrocytes, and 
eosin-5-maleimide (E5M) staining was markedly reduced, 
supporting pathogenicity. Both asymptomatic heterozy-
gous parents demonstrated mildly reduced E5M staining, 
with occasional spherocytes and elliptocytes. Early molecu-
lar diagnosis facilitated hypertransfusion to suppress inef-
fective erythropoiesis and reverse hepatic dysfunction. This 
report broadens the genotypic and phenotypic spectrum of 
spectrin deficiency and highlights the utility of rapid genom-
ic testing in facilitating early diagnosis and informing target-
ed therapy in critically ill patients.  © 2020 S. Karger AG, Basel 

 Hereditary spherocytosis (HS) is the most common 
cause of congenital nonimmune hemolytic anemia in 
Northern European populations and is a source of con-
siderable morbidity and mortality across the lifespan 
[Perrotta et al., 2008]. Genetic and clinical heterogeneity 
is recognized with presentations ranging from fatal pre-
natal hydrops [Whitfield et al., 1991; Gallagher et al., 
1995] to late diagnosis in adulthood [Friedman et al., 
1988]. Defects in several membrane components are im-
plicated, including α- and β-spectrin (encoded by  SPTA1  
and  SPTB , respectively), ankyrin ( ANK1 ), and less com-
monly band 3 ( SLC4A1 ) and protein 4.2 ( EPB42 ). HS re-
sults from deficiency and destabilization of the erythro-
cyte cell membrane, leading to reduced deformability and 
selective retention and destruction in the spleen [Perrotta 
et al., 2008]. Monoallelic dominant-acting mutations in 
 SPTB  account for 15–30% of the HS cases in Northern 
Europeans [Perrotta et al., 2008]. Biallelic mutations have 
been infrequently reported, all with severe neonatal phe-
notype [Tse et al., 1989; Sahr et al., 1993; Gallagher et al., 
1995, 1997] ( Table 1 ). In these reports, clinically asymp-
tomatic heterozygotes often had subtle blood film abnor-
malities.

  Management of severe neonatal-onset HS emphasizes 
aggressive transfusion and prevention of hyperbilirubi-
nemia and associated comorbidities, often requiring mul-
tidisciplinary support in neonatal intensive care. Early 
molecular diagnosis permits timely, targeted therapy, 

aids prognostication, and may avoid multiple investiga-
tions. Utilization of next-generation sequencing in in-
fants with conjugated hyperbilirubinemia and anemia 
has diagnostic utility and is cost-effective [Agarwal et al., 
2016]. Rapid genomic sequencing has demonstrated fea-
sibility and cost-effectiveness in acute care settings [Far-
naes et al., 2018; Stark et al., 2018]. Molecular character-
ization and rationalized treatment can now be achieved 
in days rather than months. We describe rapid identifica-
tion of a novel biallelic  SPTB  mutation in a newborn with 
severe congenital hemolytic anemia and progressive liver 
dysfunction.

  Case Report 

 The female proband was born following an uncomplicated 
term pregnancy to healthy consanguineous Iraqi parents ( Fig. 1 A). 
Presenting features are summarized in  Table 1 . At 3 hours of life, 
she developed hypoglycemia, hypothermia and hypoxia, with a he-
moglobin (Hb) concentration of 57 g/L (reference 105–135 g/L) 
and raised serum lactate. Following initial resuscitation and eryth-
rocyte transfusion, there was persistent anemia (Hb 83 g/L), and 
she developed hepatomegaly with significant conjugated hyper-
bilirubinemia, coagulopathy, and hyperferritinemia.

  Early investigations targeted a broad differential diagnosis, in-
cluding congenital infection, storage disorders, gestational alloim-
mune liver disease, hemophagocytic lymphohistiocytosis, and or-
ganic acidemias. All results were nondiagnostic. Liver biopsy was 
not performed due to coagulopathy and clinical instability. Blood 
film ( Fig.  1 B) identified microcytic anemia and reticulocytosis 
with increased polychromasia, spherocytes and nucleated red cells, 
compatible with HS. A primary erythrocyte membrane defect was 
considered and genomic testing initiated on day 3 of life. The se-
verity of the presentation directed rapid WES with concurrent mi-
tochondrial whole-genome sequencing to exclude a mitochondri-
al condition.

  The infant was recruited to the Australian Genomics Acute 
Care Genomics study, which offers rapid trio WES +/- tandem 
mitochondrial whole-genome sequencing to pediatric patients in 
intensive care with suspected monogenic conditions. Result return 
is typically less than 5 days.

  Materials and Methods 

 DNA was extracted from peripheral blood, from infant and 
both parents, using QIAamp Blood Mini Kits (Qiagen, Düsseldorf, 
Germany). Sample quality was confirmed using the Agilent Tape 
Station Genomic DNA ScreenTape (Agilent Technologies, Santa 
Clara, CA, USA). Exome sequencing was performed at a National 
Association of Testing Authorities-accredited laboratory (Victo-
rian Clinical Genetics Services, Melbourne, Australia) by massive-
ly-parallel sequencing using SureSelect QXT CRE exome capture 
(Agilent) on a NextSeq 500 sequencer (Illumina, San Diego, CA, 
USA). Targeted mean coverage was 100× (minimum 90% of bases 
sequenced to at least 15×). The DRAGENTM (Dynamic Read 
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Analysis for GENomics) Bio-IT Platform (Illumina) generated an-
notated single nucleotide and insertion/deletion variant calls with-
in the target region via alignment to reference genome GRCh37. 
The whole mitochondrial genome was amplified using single long-
range PCR followed by library preparation using the Nextera XT 
DNA kit (Illumina). Sequencing was performed on a MiSeq using 
v2 chemistry (Illumina). Data processing was undertaken using 
the on-board MiSeq Reporter for variant calling and a custom in-
house analysis pipeline for annotation and insertion/deletion call-
ing. Variant prioritization was phenotype-driven and conducted 
by a multidisciplinary team of clinical geneticists and genomic sci-
entists. Variants were classified according to the American College 
of Medical Genetics and Genomics classification criteria [Richards 
et al., 2015].

  WES identified a novel homozygous missense variant in exon 
29 of  SPTB  (NM_001024858.3( SPTB ):c.6119C>T) in the proband, 
with predicted moderate amino acid change at position 2040 
(p.Thr2040Ile); both parents were heterozygous. This residue is 
moderately conserved in 100 vertebrates [Kent et al., 2002] and 
located within the critical spectrin repeat region in which the ma-

jority of previously reported pathogenic missense variants occur 
[PM1] [Gallagher et al., 1997]. In silico predictions were consis-
tently pathogenic [PP3] (PolyPhen-2 [Adzhubei et al., 2010], SIFT 
[Kumar et al., 2009], and MutationTaster2 [Schwarz et al., 2014]). 
This variant has not previously been reported in clinical cases and 
is absent in population databases [PM2] (gnomAD [Karczewski et 
al., 2019], 1000 Genomes [1000 Genomes Project Consortium et 
al., 2015]). Spectrin deficiency was considered a strong and spe-
cific match for the proband’s phenotype [PP4], and the variant was 
classified as likely pathogenic. Mitochondrial whole-genome se-
quencing did not identify any variants of interest.

  Additional functional evidence was considered. Pre-transfu-
sion eosin-5-maleimide (E5M) flow cytometry demonstrated 
markedly reduced staining (ratio <0.6 compared to control) sup-
porting a primary spectrin defect and variant pathogenicity 
( Fig. 1 C). E5M staining in both parents was mildly reduced, with 
occasional spherocytes in the maternal blood film and elliptocytes 
in the paternal film. A molecular diagnosis of β-spectrin deficien-
cy was made on day 5. Time from sample receipt to WES result was 
68 h.

Table 1.  Previously reported individuals with homozygous SPTB variants and associated clinical findings

Family Case Sex SPTB variant Presentation Blood film Family Reference

1 1 – p.Ala2053Pro Severe neonatal hemolytic anemia Poikilocytosis Parents: asymptomatic, mild 
elliptocytosis

Tse et al., 
1989

2 2 F p.Ala2018Gly Severe neonatal hemolytic anemia, 
transfusion dependence

Microspherocytes, 
poikilocytes

Consanguineous parents and 
sister: heterozygous, 
asymptomatic, mild hemolysis, 
elliptocytes

Sahr et al., 
1993

3 F p.Ala2018Gly Severe neonatal hemolytic anemia, 
transfusion dependence, relieved age 6 
ys (splenectomy)

Microspherocytes, 
poikilocytes

3 4 M p.Ala2018Gly Severe neonatal hemolytic anemia, 
transfusion dependence

Pyropoikilocytosis Consanguineous parents: 
asymptomatic, significant 
elliptocytes

Sahr et al., 
1993

4 5 M p.Ser2019Pro Stillborn 33 w, autolyzed nRBCs Nonconsanguineous parents: 
heterozygous, asymptomatic, mild 
elliptocytes; 2 brothers: 
heterozygous, asymptomatic; 
previous stillborn, autolyzed (not 
genotyped)

Gallagher 
et al., 1995

6 M p.Ser2019Pro Hydropic at birth (30 w), deceased 13 
min

nRBCs

7 M p.Ser2019Pro Hydropic at birth (30 w), 
extramedullary, hematopoiesis

nRBCs, microcytosis

5 8 M p.Leu2025Arg Antenatal hydrops at 31 w, severe 
hemolytic anemia, protracted 
hyperbilirubinemia, transfusion 
dependent at 2 ys

nRBCs, microspherocytes Nonconsanguineous parents: 
asymptomatic, rare elliptocytes; 
female sibling: hydrops, anemia, 
deceased day 2 (not genotyped)

Gallagher 
et al., 1997

6 9 F p.Thr2040Ile Severe congenital hemolytic anemia: 
Hb 57 g/L, transfusion dependence
Hypoglycemia, raised serum lactate 
Severe conjugated jaundice: peak total 
SBR 746 μmol/L, conjugated 653 
μmol/L at 3 w
Progressive liver failure: peak ALT 
617 IU/L, AST 686 IU/L at 3 mo, 
coagulopathy, portal hypertension, 
massive ascites

Microcytic anemia, 
reticulocytes, spherocytes, 
nRBCs, increased 
polychromasia

Consanguineous parents: 
heterozygous, asymptomatic, 
occasional spherocytes, 
elliptocytes, reduced E5M staining

This 
report

 ALT, alanine aminotransferase [reference range 12 – 37 IU/L]; AST, aspartate aminotransferase [reference range 20 – 80 IU/L]; Hb, hemoglobin [refer-
ence range 105 – 135 g/L]; nRBCs, nucleated red blood cells; SBR, serum bilirubin [reference range 0 – 15 μmol/L total, 0 – 5 μmol/L conjugated]; w, weeks; 
ys, years.
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  Results 

 The infant remained transfusion dependent with 
marked hemolysis, icterus, and evolving massive hepato-
splenomegaly. Severe hepatic dysfunction was evidenced 
by ongoing conjugated hyperbilirubinemia (total and 
conjugated serum bilirubin 746 and 653 μmol/L respec-
tively, peaking at 3 weeks), transaminitis (peak ALT 617 
IU/L, AST 686 IU/L at 3 months), and synthetic dysfunc-
tion (coagulopathy, hypoalbuminemia;  Table  1 ). Pro-
gressive portal hypertension and massive ascites were 
present by 3 months. Due to the severe conjugated hyper-
bilirubinemia, alternative diagnoses were investigated. 
Urinary bile acids were increased on mass spectrometry, 
consistent with cholestasis. Alpha-1-antitrypsin levels 
(Pi-M phenotype) and infective hepatitis screens were 
normal. Reanalysis of WES data did not identify a second 
monogenic disorder to explain the liver disease. A chro-
mosomal microarray did not identify any copy number 
variants of clinical significance.

  Hypertransfusion was initiated at 3 months to sup-
press ineffective endogenous erythropoiesis. This con-
sisted of erythrocyte transfusions initially every 1–3 days 
to maintain a target hemoglobin concentration of 140–
150 g/L. Additional treatments included oral hydroxy-
urea, ursodeoxycholic acid, folic acid and vitamin supple-
mentation, and nutritional support. Management of asci-
tes required albumin infusions, diuretics, and emergency 

peritoneal paracentesis for respiratory compromise. Sta-
bilization and some reversibility of hepatic dysfunction 
were achieved. Chronic hemolysis remained evident at 6 
months (normalized total unconjugated bilirubin; slight-
ly elevated γ-glutamyl transferase). Hepatic biopsy 
showed hepatic siderosis, and chelation therapy was initi-
ated for iron overload. Growth and development were age 
appropriate at 6 months.

  Discussion and Conclusion 

 The critically unwell neonate with hemolytic anemia 
poses diagnostic and management challenges. Diagnosis 
of an erythrocyte membrane defect often requires multi-
ple investigations, including peripheral blood film, spe-
cialized staining and flow cytometry, and exclusion of 
other conditions. Reduced fluorescence on E5M flow cy-
tometry supports the diagnosis of HS [Christensen et al., 
2015], especially with accompanying blood film findings 
of hemolysis and spherocytosis, but can also occur in oth-
er conditions such as congenital dyserythropoietic ane-
mia. Rapid genomic sequencing may transform these in-
vestigative pathways. Prompt diagnosis facilitates early 
correction of anemia and prevention of comorbidities, 
including hyperbilirubinemia, and hypersplenism. We 
describe a critically ill neonate with homozygous  SPTB 
 mutation causing severe hepatic dysfunction. Review of 

A B C

  Fig. 1.  Clinical and laboratory data supporting pathogenicity of the 
 SPTB  variant.  A  Family pedigree. The blue circle indicates heredi-
tary spherocytosis. IV:5 Proband (homozygous for the  SPTB  vari-
ant). II:1, II:2 are second cousins. III:4, III:5 are first cousins and 
both heterozygous for the  SPTB  variant. III:2 deceased at 6 months 
due to unknown cause. IV:1 had a clinical diagnosis of HS, and was 
not available for genotyping.  B  Photomicrograph of proband 
blood film demonstrating microcytic anemia with the presence of 

reticulocytes, spherocytes, and nucleated red cells, suggestive of 
hemolysis. Images were captured at room temperature (24   °   C) by 
Olympus (Tokyo, Japan) BX41 microscopy with an Apple (CA, 
USA) iPhone 8 camera following hematoxylin-and-eosin staining. 
Original magnification x100.  C  Pre-transfusion eosin-5-maleimide 
flow cytometry in the proband demonstrated markedly reduced 
staining compared to control (ratio <0.6 suggesting an erythrocyte 
membrane disorder). 
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the literature revealed 5 previously reported families with 
confirmed homozygous  SPTB  mutations, all with severe 
congenital hemolytic anemia [Tse et al., 1989; Sahr et al., 
1993; Gallagher et al., 1995, 1997].

  In individuals with β-spectrin deficiency, including bi-
allelic reports, severe hepatic dysfunction is uncommon 
[Christensen et al., 2014; Nussenzveig et al., 2014], 
prompting consideration of a blended phenotype in our 
case. Additional causes of hepatic dysfunction were ex-
cluded, including alloimmune hemolysis [Sivan et al., 
1983; Ree et al., 2017], pyruvate kinase deficiency [Ra-
phael et al., 2007], intrahepatic cholestasis [Wree et al., 
2011], and hemochromatosis [Hoblinger et al., 2009]. 
WES did not identify a second monogenic disorder to ex-
plain the liver disease. We concluded that this infant’s 
β-spectrin deficiency was the cause of the liver dysfunc-
tion, extending the phenotypic spectrum of HS. The exact 
pathogenesis of progressive liver failure is unclear; how-
ever, intrahepatic extramedullary hematopoiesis, caused 
by anemia and hemolysis, may contribute [Sivan et al., 
1983].

  Rapid genomic testing permitted diagnosis of a 
β-spectrin deficiency on day 5 of life, the earliest reported 
molecular diagnosis of HS. Confirmation of the novel ho-
mozygous c.6119C>T variant broadens the genotypic and 
phenotypic spectrum of HS caused by β-spectrin deficien-
cy. Minor hematological anomalies in the asymptomatic 
heterozygous parents suggests that otherwise healthy car-
riers of biallelic HS may have subclinical manifestations. 
Early diagnosis permitted diagnostic confidence and ini-
tiation of targeted therapy, with hypertransfusion revers-
ing the conjugated hyperbilirubinemia and hepatic dys-
function by 6 months. Family benefits of early diagnosis 
include diagnostic clarity during an emotionally challeng-
ing time and informed future reproductive planning.

  This case demonstrates the feasibility of rapid trio 
WES in neonates with severe hemolytic anemia, high-
lighting the clinical and social utility of an early rapid di-
agnosis. Reanalysis of exome data with new phenotypic 
information provided reassurance that a secondary diag-
nosis had not been missed. Where available, rapid ge-
nomic testing should be considered in the diagnostic 
pathway for critically ill neonates with nonimmune he-
molytic anemia.
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