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Abstract:

Pyruvate kinase, an enzyme in the glycolytic pathway of red blood cells, plays an important role in 

producing energy or ATP for red blood cells.  Pyruvate kinase deficiency is a rare hereditary red cell disorder 

caused by mutation in the Pyruvate Kinase L/R (PKLR) gene on chromosome 1q12.  Homozygous or compound 

heterozygous mutation in the PKLR gene can cause nonspherocytic hemolytic anemia due to lack of red cell 

ATP, leading to inability to maintain red cell membrane integrity and electrochemical gradients.  We report clin-

ical presentations, laboratory investigations and genetic testing for diagnosis and management of a 1-year-old 

Thai girl with a history of severe nonspherocytic hemolytic anemia and neonatal hyperbilirubinemia, requiring 

an exchange transfusion, at 24 hours of life.  She received a regular red cell transfusion since day-of-life 2 and 

was subsequently diagnosed with pyruvate kinase deficiency.
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รายงานผูป่้วย

ภาวะพรอ่งเอนไซมไ์พรูเวทไคเนสที่มาดว้ยอาการซีดและตวัเหลอืงอย่างรุนแรง
อรุโณทยั  รกัมโนธรรม   ดารนิทร ์ ซอโสตถกิลุ   ปิต ิ เตชะวจิติร   สุภานนั  เลาหสุรโยธนิ   กาญจนห์ทยั  เชยีงทอง และ

หรรษมน โพธิ์ผ่าน
หน่วยโรคเลอืดและมะเรง็ในเดก็ ภาควชิากมุารเวชศาสตร ์คณะแพทยศาสตร ์โรงพยาบาลจฬุาลงกรณ ์

บทคดัย่อ

เอนไซม ์pyruvate kinase เป็นเอนไซมท์ีส่ �ำคญัของเมด็เลอืดแดงทีใ่ชใ้น glycolytic pathway ซึง่เป็นกระบวนการสรา้ง

พลงังานหรือการสรา้ง ATP ของเมด็เลอืดแดง โรคภาวะพร่องเอนไซม ์pyruvate kinase (pyruvate kinase deficiency) เป็นโรค

ความผดิปกตแิต่ก�ำเนิดของเมด็เลอืดแดงทีพ่บไดน้อ้ย เป็นโรคทีท่ �ำใหเ้กดิภาวะซดีจากการทีเ่มด็เลอืดแดงแตกง่าย สาเหตเุกดิจากความ

ผดิปกติทางพนัธุกรรมทีม่กีารกลายพนัธุบ์ริเวณยนี PKLR บนโครโมโซมคู่ที ่1 โดยมกีารถา่ยทอดทางพนัธุกรรมในลกัษณะยนีดอ้ย 

ผูป่้วยทีม่คีวามผดิปกตน้ีิมไีดต้ ัง้แต่ไมม่อีาการ ไปจนถงึมอีาการรุนแรงจนมอีาการซดีจากเมด็เลอืดแดงแตก ตวัเหลอืงต ัง้แต่แรกเกดิจน

อาจตอ้งรบัการเปลีย่นถา่ยเลอืด และตอ้งไดร้บัเลอืดอย่างสม�ำ่เสมอ ในรายงานผูป่้วยฉบบัน้ีจะกลา่วถงึอาการ การวนิิจฉยั การตรวจทาง

หอ้งปฏบิตักิาร การตรวจทางพนัธุศาสตร ์และการรกัษา ในผูป่้วยเด็กหญงิอาย ุ1 ปี ทีม่ปีระวตัซิดีร่วมกบัตวัเหลอืงจนตอ้งเปลีย่นถา่ย

เลอืดตอนอาย ุ24 ช ัว่โมงแรก ซึง่ภายหลงัพบการกลายพนัธุข์องยนีPKLR และไดร้บัการวนิิจฉยัเป็น โรคภาวะพร่องเอนไซม ์pyruvate 

kinase (pyruvate kinase deficiency)

คำ�สำ�คัญ :	l ภาวะพร่องเอนไซม์ไพรูเวทไคเนส  l ภาวะซีดจากเม็ดเลือดแดงแตก  l การกลายพันธุ์ของยีน PKLR

วารสารโลหิตวิทยาและเวชศาสตร์บริการโลหิต. 2564;31:369-76.
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Introduction

Pyruvate kinase deficiency (PKD) is a rare red cell 

disorder with the estimated prevalence of the disease 

among Caucasians around 1 in 20,000 population1.  PKD 

is a hereditary disease involving defects in the pyruvate 

kinase enzyme in the glycolytic pathway of red blood cells 

and causes chronic nonspherocytic hemolytic anemia1,2. 

Mature red blood cells (RBCs), lacking of a nucleus and 

organelles like ribosomes or mitochondria, have two 

major pathways: the glycolytic or “energy-producing” 

pathway and the hexose monophosphate (HMP) shunt 

or “protective” pathway1.  Pyruvate kinase (PK) catalyzes 

phosphoenolpyruvate to pyruvate, the final steps of the 

glycolytic pathway, to create 50% of total RBC adenos-

ine triphosphate (ATP)2,3.  Due to the lack of RBC ATP, 

red blood cells lose their ability to maintain membrane 

integrity and electrochemical gradients leading to extra-

vascular hemolysis from clearance of damaged RBCs3-5.

This defect is inherited by the autosomal recessive 

pattern involving homozygotes or compound heterozy-

gotes in the PKLR gene located on chromosome 1q212,4. 

PKD is a lifelong chronic hemolytic anemia with a wide 

spectrum of symptoms, manifestations, and complications. 

In most cases, the hemolytic process is recognized and 

diagnosed in childhood with history of neonatal jaundice 

requiring phototherapy or an exchange transfusion. 

Enzymopathies, such as pyruvate kinase deficiency, 

should be suspected among patients of all ages with 

chronic hemolytic anemia in the absence of immune- 

mediated hemolysis, hemoglobinopathy, or evidence of 

a red cell membrane disorder.  Among many patients, 

direct enzyme analysis is adequate for initial diagnosis, 

with molecular testing serving as a confirmatory test1.

Case presentation

A 1-year-old Thai girl, the third child of nonconsan-

guineous parents, was delivered by normal delivery at 37 

weeks of gestation in a provincial hospital with Apgar 

scores 7, 7 and 9 at 1, 5 and 10 minutes after birth 

respectively.  Her prenatal history was uneventful with a 

birth weight of 2.28 kg. After birth, she was resuscitated 

and intubated for seven days due to acute respiratory 

failure and meconium aspiration syndrome.  She was 

diagnosed with persistent pulmonary hypertension of 

the newborn, neonatal hypoglycemia and Bacillus spp. 

septicemia. 

At 24 hours of life, she developed anemia and marked 

jaundice.  Her physical examination revealed markedly 

pale, icteric skin and sclera without hepatosplenomegaly 

and dysmorphic features.  Her hemoglobin (Hb) was 

7.2 g/dL, MCV 131.5 fL, elevated nucleated red blood 

cells (nRBCs) count (632 nRBCs per 100 white blood 

cells) with normal white cells (corrected total white cell 

count 8.8 x109/L, neutrophils 52%, lymphocytes 38%) and 

normal platelet count (160 x109/L).  She also presented 

hyperbilirubinemia (microbilirubin 19.6mg/dL) so total 

exchange transfusion and phototherapy were performed. 

According to laboratory investigation at the provincial 

hospital, her and her mother’s blood groups were both 

O-positive.  The direct antiglobulin test was negative 

and G6PD enzyme screening was normal.  Extensive 

investigations for infectious diseases were performed and 

showed negative for Epstein Barr virus (EBV), cytomegalo- 

virus (CMV), hepatitis B and C virus, parvovirus B19, 

toxoplasmosis, enterovirus, herpes simplex virus (HSV), 

syphilis and rubella.  High-performance liquid chromato- 

graphy (HPLC) of hemoglobin revealed no evidence of 

β-thalassemia or any hemoglobin variant at two months 

of age and alpha globin gene analysis revealed negative 

for common alpha globin mutations.  No family history 

was noted of anemia or other hematological disorders. 

She was admitted at the provincial hospital for two 

weeks and received multiple blood transfusion before 

discharge.

A month later, she attended the provincial hospital 

with symptoms of anemia; her Hb had fallen to 4.8 g/

dL so she received 1 unit of blood transfusion and then 

discharged.  At the follow-up clinic, two weeks later, 

she still presented anemia.  Her Hb was 4.7 g/dL and 

corrected reticulocyte count was 2.6%.  For that reason, 
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she was referred to the King Chulalongkorn Memorial 

Hospital (KCMH) due to chronic anemia.

At the KCMH, her physical examination showed 

body weight 4.5 kg (P10 to 25), height 54 cm (P3 to 10) 

and head circumference 39 cm (P25), pale conjunctiva, 

anicteric sclera, no hepatomegaly and her spleen was 

palpated. Her Hb was 10.2 g/dL after blood transfusion, 

MCV 80.4 fL, RDW 13.3%, MCHC 32.2 g/dL and corrected 

reticulocyte count 3.8%.  Peripheral blood smear revealed 

normochromic normocytic red cells, anisopoikilocytosis 

1+, few fragmented red cells and elliptocytes and poly-

chromasia and normal while cells and platelets (Figure 1). 

Paternal completed blood count (CBC) revealed Hb 16.4 

g/dL, MCV 83 fL, MCHC 34.6 g/dL, normal white cells, 

normal platelets and normochromic normocytic red cells 

in peripheral blood smear.  Maternal CBC revealed Hb 

12.7 g/dL, MCV 80 fL, MCHC 33.6 g/dL, normal white 

cells and platelets and normochromic normocytic red 

cells in peripheral blood smear.

Regarding laboratory evaluation for hemolytic ane-

mia, the eosin-5’-malemide (EMA) binding test was in 

normal range, specific sequencing for SPTB mutation 

(spectrin B: Lao PDR, Suandok, Buffalo) was negative 

and pyruvate kinase level (after blood transfusion for six 

weeks) was 12.74 IU/g Hb (normal range 11.0-18.9 IU/g 

Hb).  Because clinical presentation was compatible with 

chronic non-spherocytic hemolytic anemia, trio-whole 

exome sequencing analysis was performed revealing 

compound heterozygotes pathogenic variants in the  

PKLR gene.  One missense mutation from her mother 

was NM_000298.6:c.941T>C,p.Ile314Thr that had been 

previously reported among Chinese patients with auto- 

somal recessive PKD.  The other from her father comprised  

large deletion 2566 base pairs extending from exons 3 

to 9 that was also previously reported among patients 

with PKD (Figure 2).

Because she was diagnosed as presenting pyru-

vate kinase deficiency from compound heterozygotes 

pathogenic variants in the PKLR gene, she has been 

receiving regular blood transfusion every four weeks and 

folic supplement because of significant daily symptoms 

of anemia with baseline Hb <7g/dL.  The patient’s 

weight, height, anemic symptoms, pretransfusion Hb 

level and symptom of cholecystitis were closely observed 

at every OPD visit. 

Discussion

Most glycolytic enzymopathies have an autosomal 

recessive pattern of inheritance and more than 90% of 

cases associated with hemolysis are due to pyruvate 

kinase deficiency (PKD) that was first described in the 

early 1960s4.  Heterozygotes of PKD almost always are 

hematologically normal although their RBCs contain 

40% to 60% enzyme activity.  Additionally, RBCs of 

Figure 1  Peripheral blood smear revealed normochromic normocytic red cells, anisopoikilocytosis 1+, few frag-

mented red cells, polychromasia, and elliptocyte, normal while cells and platelets.
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homozygotes generally contain 25% residual enzyme 

activity resulting in mutations in the PKLR gene located 

on chromosome 1q21 and 300 pathogenic mutations have 

been described6.  In contrast to glucose-6-phosphate 

dehydrogenase (G6PD) deficiency, affecting millions of 

people, estimated prevalence of PKD among Cauca-

sians is 1 in 20,000 population1,4,5.  PK enzyme catalyzes 

phosphoenolpyruvate to pyruvate, resulting in ATP 

production to maintain the structural and functional 

integrity of RBCs during their lifespan of 100 to 120 

days.  When inadequate ATP production occurs due to 

PKD, RBCs lose their membrane plasticity resulting in 

cellular dehydration, and are subsequently destroyed in 

the spleen and liver4,7-9.  In addition, deficient PK causes 

the accumulation of glycolytic pathway intermediates 

such as 2,3-diphosphoglycerate (2,3-DPG) that shifts the 

hemoglobin-oxygen dissociation curve to the right10,11.  

As a result, PK deficient patients exhibit greater exercise 

tolerance than the degree of anemia1,12.

The clinical manifestations of PKD include chronic 

anemia, reticulocytosis, and indirect hyperbilirubinemia. 

Anemia in PKD comprises an individually wide spectrum 

of Hb concentration, most commonly ranging between 

6 and 12 g/dL13.  About 25% of patients experience 

complications in utero or at the time of birth, including 

intrauterine growth retardation, hydrops, preterm birth, 

and perinatal anemia.  After birth, most newborns develop 

severe jaundice and hemolysis requiring phototherapy 

or simple or exchange transfusions1.

This patient, at 24 hours of life, developed marked 

jaundice and her Hb was 7.2 g/dL, elevated nucleated 

red blood cell count (632 nRBCs per 100 white blood  

cells) and microbilirubin (MB) 19.6 mg/dL.  Total 

exchange transfusion and phototherapy were performed 

until hyperbilirubinemia improved.  The cause of severe 

anemia and jaundice in this patient was hemolytic 

anemia, so the investigations for common causes of 

severe neonatal jaundice and hemolytic anemia were 

nondiagnostic including ABO incompatibility, G6PD 

deficiency, Coombs tests, congenital infection, and 

peripheral blood smear to demonstrate thalassemia and 

any red cell membrane defects.  She still presents chronic 

Figure 2  Trio-whole exome sequencing analysis found compound heterozygous pathogenic variants in the PKLR 

gene, NM_000298.6:c.941T>C,p.Ile314Thr from her mother and large deletion 2566 base pairs extending from 

exon 3 to exon 9 from her father
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hemolysis.  Also regarding Hb typing (HPLC methods) 

and alpha gene analysis, the eosin-5’-malemide (EMA) 

binding test and three common SPTB mutations in 

hereditary elliptocytosis were normal. 

Enzymopathies, such as PKD, should be suspected 

among patients of all ages with chronic hemolytic  

anemia in the absence of immune-mediated hemolysis, 

hemoglobinopathy, or evidence of a red cell membrane 

disorder1.  PK level of the patient was determined after 

blood transfusion for six weeks and reported at 12.74 

IU/g Hb (normal range 11.0- to 18.9 IU/g Hb). 

Trio-whole exome sequencing analysis was performed 

revealing compound heterozygous pathogenic variants 

in the PKLR gene.  One missense mutation from her 

mother was NM_000298.6:c.941T>C,p.Ile314Thr that had 

been previously reported in a Chinese girl with PKD and 

homozygous mutation of the PKLR gene, who presented 

severe chronic nonspherocytic hemolytic anemia with 

enlarged spleen14,15.  The other variant, from her father, 

comprised large deletion 2566 base pairs extending 

from exon 3 to exon 9 that also had been previously 

reported in a Vietnamese girl with PKD who presented 

compound heterozygous pathogenic variants of PK 

Saigon (N316K) and PK Viet del 4 to 10 experienced 

from severe transfusion-dependent anemia16-19.

The PKLR gene, located on chromosome 1q21, con-

sists of 12 exons and encodes for the liver (L) and 

erythrocyte (R) isoforms of the enzyme according to 

tissue-specific promoters20,21.  Ten exons are shared by 

the two isoforms, while exons 1 and 2 are specifically 

transcribed to the PK-R and PK-L mRNA, respectively.  

Several PKD neonates reported severe hepatic disease 

and developed liver failure, but this patient had transient  

transaminitis and that spontaneously resolved22.

Since the second day of life, she has been receiving 

regular blood transfusion every four weeks and folic 

supplement because of significant daily symptoms of 

anemia and baseline Hb < 7 g/dL.  After regular trans-

fusion, she not only exhibits no symptoms of anemia 

but also has gained her proper weight and height. 

Growth parameters, developments, anemic symptom, 

pretransfusion Hb and symptom of cholecystitis are 

closely observed at every OPD visit4.

From this patient and several case reports, when the 

frequency of blood transfusion is less than the lifespan 

of RBCs, it will constitute the major cause of falsely 

normal PK levels.  The molecular testing for PKLR gene 

mutations plays an important role as a confirmatory test 

in a patient with suspected PKD but showing normal PK 

levels and recent blood transfusions.  The complications 

of PKD are closely observed such as aplastic and hemo-

lytic crises from parvovirus B 19 infection, gallbladder 

disease, bone changes associated with hyperplastic 

bone marrow, pulmonary hypertension, and thrombosis. 

Due to an iron overload from regular transfusion and 

increasing gastrointestinal absorption, annual ferritin 

monitoring is required1,4.

Conclusion

A 1-year-old Thai girl with a history of marked jaun-

dice, hemolytic anemia, reticulocytosis and hyperbil-

irubinemia at 24 hours of life was treated with total 

exchange transfusion and extensive phototherapy.  After 

that she experienced chronic nonspherocytic hemolytic 

anemia with an absence of infection, immune-mediated 

hemolysis, hemoglobinopathy, or evidence of a red cell 

membrane disorder.  Her blood PK level was normal 

due to recent transfusions.  Trio-whole exome sequenc-

ing analysis found compound heterozygous pathogenic 

variants in the PKLR gene, NM_000298.6:c.941T>C,p.

Ile314Thr from her mother and large deletion 2566 base 

pairs extending from exon 3 to exon 9 from her father. 

Since the second day of life, she has been receiving 

regular blood transfusions every four weeks and folic 

supplement because of significant daily symptoms of 

anemia and baseline Hb < 7 g/dL.
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Figure 3  Pedigree of this family, II-2: father with large deletion 2566 base pairs extending from exon 3 to exon 

9, II-3: mother with NM_000298.6:c.941T>C,p.Ile314Thr (missense mutation) and III-3: proband with compound 

heterozygous mutation
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