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Hereditary Non-Spherocytic Hemolytic
Anemia(HNSHA): Four Children with
RareHereditary Red Cell
Enzymopathies

Hereditary red blood cell (RBC) enzymopathies, agroup of non-
immune, non-spherocytic hemolytic anemias, occur due to a
defect in the genes encoding red cell enzymes. Glucose-6-
phosphate-dehydrogenase (G6PD) deficiency and pyruvate
kinase (PK) deficiency are the commonly reported red cell
enzymopathies. Herein, we describe four children with rarered
cell enzymopathies[1].

An 11-month-old girl child, the product of consanguineous
marriage, presented with pallor, splenomegaly, and cardiac
failure. Investigations were suggestive of hemolytic anemia
(Table ). Direct Coombs test (DCT), hemoglobin electro-
phoresis, osmotic fragility test (OFT), isopropanol stability tests
for unstable hemoglobins, HbH preparation, and G6PD assay
were non-contributory. She had a history of neonatal hyper-
bilirubinemianeeding exchangetransfusion followed by ahistory
of blood transfusion at 3 and 6 months of age. Next-generation
sequencing (NGS) detected ahomozygous missensevariationin
exon 12 of the glucose-6-phosphate-isomerase (GPI) gene.

An 1l-year-old boy born to a consanguineous marriage
presented with severepallor, and splenomegaly. L aboratory workups
weresuggestiveof Coombsnegativehemolyticanemia(Tablel). He
had ahistory of neonatal hyperbilirubinemiawarranting an exchange
transfusion, followed by global developmental delay with sensory
neurd hearingloss(neurologica seque aeof bilirubinencepha opathy).
Heasohadahistory of blood transfusionininfancy. A homozygous
missense variant in exon 6 of the GPI gene was detected by NGS,
which has adso been previoudy reported to cause neurologic
impairmentand HNSHA [2].

A 9-year-old boy, product of consanguineous marriage,
presented with severe pallor and splenomegaly. Hehad ahistory of
exchangetransfusion for hyperbilirubinemiaintheneonatal period
and al so needed repeated bl ood transfusionsfor anemia. Laboratory
workup (Table 1) did not revea a cause for hemolysis. NGS
detected a homozygous nonsense variation in exon 4 of
the AK1 (adenylate kinase) gene, previously reported to cause
hemolyticanemia[3].

A 9-month-old girl, product of consanguineous marriage,
presented with severe pallor and splenomegaly. She had neonatal
hyperbilirubinemia and required exchange transfusion. Her elder
sibling had ahistory of neonatd exchangetransfusion; hediedat 1.5
yearsof agedueto severeanemiawith jaundice. Investigationswere
suggestiveof Coombsnegativehemolysis(Tablel ). A homozygous
missensevariantinexon4 of thePKLR (pyruvatekinaseL/R) gene
was detected by NGS, which canleadto HNSHA.

Tablel Clinical Profileand Laboratory Work-up of the Children With Red Cell Enzymopathies

Characteristics Casel Case?2 Case3 Case4

Ageat presentation 11mo 11y 9y 9mo

Clinical features? - Developmental delay - -

Transfusion history Oncein3mo During acutefebrileillness Duringacutefebrileillness  Oncein3mo

Consanguinity 3rd degree 3rddegree 3rddegree 2nd degree

Hb(g/dL), MCV (fL), 2.1, 120, 39%, 3 5.2, 112,11%, 4.5 6, 92, 7%, 3.9 5, 89, 12%, 3.5

Reticulocyte count (%),

Indirect bilirubin (mg/dL)

Peripheral smear Macrocytes, bitecells, Macrocytes, Polychromasia, Polychromasia
polychromasia polychromasia elliptocytes

Heinz body preparation Positive Negative Negative Negative

aPallor, icterusand splenomegaly was present in all children. Other investigations (DCT: direct Coombstest, OFT: osmotic fragility test, HPLC: high
performance liquid chromatography, HBH preparation (for alpha thalassemia), Isopropanol stability test (for unstable hemoglobinopathies),
G6PD:Glucose 6 phosphate Dehydrogenase) were normal for all children. HB: hemoglobin, MCV: mean corpuscular volume. Bone marrow

examination showed erythroid hyperplasiain all children.
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All children are presently receiving nutritional supple-
mentation and intermittent transfusions. RBC enzymopathiesarise
from mutations in genes coding for RBC metabolic enzymes.
Deficiency of theseenzymesleadstoimpaired cellular energy and/
or increases the levels of oxidative stress, leading to premature
remova of RBCsinthespleen and decreased red blood cdll surviva
[1]. There are enzymes other than G6PD and PK, which are
involved in nucleotide metabolism. The important ones are
pyrimidine-5-nucl eotidase (pyrimidine metabolism) and adenylate
kinase and adenosine deaminase (purine metabolism) [1]. The
clinical featuresof enzymopathiesarehighly variable, rangingfrom
fully compensated hemolysis to severe transfusion-dependent
hemo-lytic anemia. The severity of anemia may worsen during
infec-tions, oxidant exposure any other physiological stress[2-4].

Enzymopathies pose adiagnostic challenge and patients may
undergo repeated unsuccessful investigationsover theyears. Some
cluesincludethe presence of normocytic/macrocytic anemiawith
signs of hemolysis like indirect hyperbilirubinemia and
reticulocytosis, along with a history of episodic/repeated blood
transfusion for anemia. The diagnosis of a RBC enzymopathy is
mainly based on exclusion; a negative DCT, a norma OFT, no
specific RBC morphological abnormalities, and no evidence for
abnormal hemoglobin[5]. Timely targeted NGSwould helpinthe
confirmation of diagnosis[2].

Treatment remains mainly supportive. Splenectomy is
indicated in severe cases. Restoration of normal enzyme levels
following bone marrow transplantation has been occasionally
reported [5]. A nove treatment including enzymeactivator isunder
development and this might provide a new option for the severe
phenctype [6].
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Anakinrain Refractory M ultisystem
Inflammatory Syndromein Children
(M1S-C)

A small proportion of children can develop ahyper-inflammatory
condition 2 to 4 weeks following an infection or exposure to
SARS-CoV2 virus termed interchangeably as multisystem
inflammatory syndrome in children (MISC) or Pediatric
Inflammatory Multisystem Syndrometemporal ly associated with
SARS-CoV-2 virus (PIMS-TS) [1]. The patho-genesis of this
novel condition remains elusive and treatment protocols are
predominantly empirical. Intravenousimmuno-globulin (IVIG)
alone or with corticosteroids are the suggested first line agents
[2,3]. Inthosewith refractory disease (defined by the presence of
persistent fever and/or significant end-organ invol vement despite
initial immunomodulation), second line treatment options
include IL-1, IL-6, and tumor necrosis factor (TNF) blockers
[2,3]. The PIMS-TS arm of the RECOVERY trial is currently
evaluating tocilizumab and anakinra for refractory disease [5].
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The experiencewith use of anakinrainIndiais sparsedueto non-
availahility of thedrug. Wereport our experiencewith the use of
anakinraintwo childrenwithrefractory MISC.

Casel: A 11-year-old boy wasreferred for fever, abdominal pain
and diarrhea of 5 days duration. At presentation he was
hypotensive (BP 70/40 mm Hg) with bilateral non purulent
conjunctival suffusion and an erythematous macul opapul ar rash
over histrunk. Investigationsrevea ed lymphopenia (total white
blood cell count (WBC) 4,350/iL, lymphocytes 4%), elevated
inflammatory markers (CRP170 mg/L, ESR 72 mm/hour, LDH
359 U/L, ferritin 1,200ng/mL, d-Dimer 12,500ng/mL),
hyponatremia (130mEg/L) and increased NT-proBNP levels
(>20,000pg/mL). Serology was positive for IgG SARs-CoV-2
antibodies (Chemiluminescence, titer 74.9 AU/mL). An
echocardiogram showed decreased left ventricular function
(LVEF, 40%). A diagnosisof M1S-C wasconsidered, and hewas
given IVIG (2 g/kg) with intravenous methylprednisolone
(IVMP) (2 mg/kg). Noradrenalineinfusion (0.15 pg/kg/min) for
hypotension and empirica antibiotics were commenced
simultaneously. The dose of methylprednisol one was increased
(10 mg/kg, once daily for three days), and adrenaline infusion
(0.15 pg/kg/min) was started for persistent hypotension. He
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