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Abstract

Introduction: Triosephosphate isomerase (TPI) deficiency is an autosomal recessive disease and the most severe form of glycolytic
enzymopathies, characterized by hemolytic anemia, neurological disorders, infections, and muscle weakness that can affect breath-
ing and heart function. Signs and symptoms include anemia, pallor, jaundice, fatigue, shortness of breath, muscle weakness, atro-
phy, movement problems, dystonia, tremors, seizures, cardiomyopathy, and diaphragm weakness.
Case Presentation: A three-day female newborn was admitted because of hemolytic anemia. All usual assessments for hemoly-
sis, G6PD, osmotic fragility, RBC morphology and cell panel, minor blood groups, antibody screening, and echocardiography were
normal. Neurological manifestations appeared after six months of age, including some seizure-like movements, dystonia, and
opisthotonus. Whole exome sequencing confirmed the diagnosis of TPI deficiency with the variant NM-000365.5:c.315G>C chr12-
6978338(hg19) which revealed the mutation of p.Glu105Asp. By the age of two years, in addition to some drugs for neurologic mani-
festations and folic acid, the patient was hospitalized every 30 - 45 days for blood transfusion or because of pneumonia. The episodes
of pneumonia increased after 24 months of age, and finally, the child expired at the age of 34 months due to pneumonia and respi-
ratory failure.
Conclusions: Triosephosphate isomerase deficiency should be considered in all neonates with hemolytic anemia without usual
causes.
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1. Introduction

Triosephosphate isomerase (TPI) is an enzyme respon-
sible for the metabolism of certain sugars that catalyzes
the reversible isomerization and interconversion of glyc-
eraldehyde phosphate and dihydroxyacetone phosphate.
This enzyme is essential for glycolysis and the efficient pro-
duction of energy (1). The related gene is single and lo-
cated at chromosome 12p13. The enzyme deficiency is in-
herited in the form of autosomal recessive (2). The TPI
deficiency was discovered in the 1960s (3). Although TPI
deficiency is rare, it is known as the most severe form of
glycolytic enzymopathies, characterized by hemolytic ane-
mia, neurological disorders, infections, and muscle weak-
ness that can affect breathing and heart function. Signs
and symptoms include anemia, pallor, jaundice, fatigue,
shortness of breath, muscle weakness, atrophy, movement
problems such as involuntary muscle contractions (dysto-
nia), tremors, weak muscle tone, seizures, cardiomyopa-
thy, and diaphragm weakness, which may lead to respira-
tory failure and susceptibility to infections (4-7). The ac-

cumulation of dihydroxyacetone phosphate that is chem-
ically converted into toxic methylglyoxal leads to the for-
mation of advanced glycation end products, responsible
for clinical signs and symptoms. The TPI deficiency is char-
acterized by decreased enzyme activity And elevated level
of dihydroxyacetone phosphate (DHAP). The disease has no
effective treatment and frequently leads to death in early
childhood (8). Despite passing around 60 years of disease
recognition, fewer than 50 cases have been reported (6),
and no exact prevalence could be found in the literature.

2. Case Presentation

A three-day female newborn was referred to the Pe-
diatrics Hospital of Qazvin (I.R. Iran) because of anemia.
She was a term neonate born to a consanguineous couple
through cesarean section delivery. She had a birth weight
of 3,360 g, a height of 48 cm, and a head circumference of
35 cm. She was the second offspring in the family, with the
first child not having any disease. The laboratory findings
on the first and third days after birth are shown in Table 1.
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Table 1. Laboratory Findings on the First and Third Days of Life

Variables Values

Day 1 Hgb = 11.5 g/dL, Hct = 36% RBC = 2,800.000/mm3 , MCV = 129.4 fL, MCH = 40.8 pg, MCHC = 31.5 g/dL, Platelet = 294,000/mm3 , Retic count = 20%, WBC
= 60,000 that after correction and subtraction from 36,000 NRBC, the corrected WBC was 24,000/mm3 . Bilirubin: Total = 12.2 mg/dL and Direct =
0.77 mg/dL, Blood sugar = 38 mg/dL, Calcium = 8 mg/dL

Day 3 Hgb = 10 g/dL, Hct = 31%, RBC = 2,700.000/mm3 , MCV = 127 fL, MCH = 37 pg, MCHC = 29 g/dL, Platelet = 309,000/mm3 , Retic count = 22%, Bilirubin:
Total = 12.2 mg/dL and Direct = 0.58 mg/dL, Blood Group and Rh: Mother = A+ and Neonate = A+, G6PD level: sufficient, Direct coombs test =
Negative, WBC = 14,500 that after correction and subtraction from 1,450 NRBC, the corrected WBC was 13,050/mm3 . CRP = 4, Blood culture: No
growth, Arterial Blood Gas: Normal. Peripheral Blood Smear: macrocytosis (++), Anisocytosis (++), and Target cells (+)

The newborn was inserted under phototherapy from
the first day of birth at the maternity hospital she was
referred from; phototherapy continued at our hospital.
Other physical examinations and assessments were per-
formed. After hearing a systolic murmur with the grade
II/VI in heart auscultation, echocardiography was done,
which revealed a small atrial septal defect. Electrocardiog-
raphy, chest X-ray, and abdominal sonography showed nor-
mal results. In sonography of the pelvis, developmental
dislocation of the hip (DDH) was detected on the right side.
The result of CBC with a Differential of cells in the new-
born’s mother was normal. After three days of assessment
at the first stage, the patient was discharged.

The infant was hospitalized once again at the age of
32 days with 4,300 g weight due to jaundice, pallor, rest-
lessness, and poor feeding. Laboratory test results showed
WBC = 8000/mm3, Hgb = 5.6 g/dL, RBC = 2,110,000/mm3,
MCV = 89 fL, MCH = 26 pg, MCHC = 29.8 g/dL, platelet
= 504,000/mm3, retic count = 4%, bilirubin: total = 5.65
mg/dL and direct = 0.34 mg/dL, and negative results in both
direct and indirect coombs tests. Glucose 6-phosphate de-
hydrogenase (G6PD) level was normal. Despite the normal
range of MCHC, the osmotic fragility test was done, which
was normal. Regarding the above results, the anemia was
treated through blood (packed cells) transfusion, and Hgb
was increased to 12 mg/dL. Before blood transfusion, blood
samples were obtained to check red blood cell (RBC) mor-
phology and cell panel, minor blood groups, and antibody
screening. The infant was discharged in good general con-
dition with daily prescribed folic acid. The blood group
assessment showed the blood group and Rh of A-Positive
with the related antigens of Rh as D+C+c-E-e+(R1R1); minor
blood groups were ruled out, and no antibodies were de-
tected. Furthermore, Hb electrophoresis was done, which
revealed a normal result.

The third episode of hospitalization was at the age of
7.5 months when the infant, in addition to pallor, cough,
nausea, and vomiting, had some seizure-like movements;
dystonia, and opisthotonus. Based on the parents’ declara-
tion, the neurologic involvement began after the age of six
months. At admission, the patient had an 8.5 kg weight (be-
low +1 SD curve), 71 cm height (above +1 SD curve), and head
circumference of 45.5 cm (0n +2 SD curve). The CBC showed
WBC = 14,900/mm3, RBC = 2,900,000/mm3, Hgb = 7 mg/dL,

Hct = 21%, MCV = 92 fL, MCH = 24 pg, MCHC = 26 g/dL, NRBC
= 8%, and Plat. = 479,000/mm3. The levels of lactate and
ammonia in venous blood were 21.5 mg/dL and 0.5 micro-
mol/L, respectively, which were in the normal range. Brain
MRI revealed brain atrophy and delayed myelination, but
Electroencephalography (EEG) was normal. The infant was
discharged with the medical prescription of 1 mg of Artane
(Trihexyphenidyl) daily.

The laboratory result of whole-exome sequencing was
delivered when the patient was eight months old, which
confirmed the diagnosis of triosephosphate isomerase
deficiency. The disease variant was reported as NM-
000365.5:c.315G>C chr12-6978338(hg19), which reveals the
mutation of p.Glu105Asp.

The infant was admitted to the hospital due to severe
pneumonia at the age of 9 months, and it was the only
hospitalization for a different reason. The next hospital-
ization was at the age of 10 months because of pallor and
restlessness. The infant was not able to sit or roll. Audiom-
etry (ABR) was done, which showed normal hearing. Lab-
oratory assessment showed Hgb = 7.2 mg/dL, Hct = 21.7%,
RBC = 2,870,000/mm3, MCV = 94 fL, MCH = 25 pg, MCHC =
26.6 g/dL, Plat. = 437,000/mm3, and LDH = 3,300 U/L. The
patient was discharged after receiving packed cells and ad-
ministration of clobazam 2.5 mg/q8h and daily folic acid.
Hemoglobin electrophoresis that was checked around one
year old showed a normal result.

By the age of two years old (Figure 1), the patient was
admitted to the hospital every 30 - 45 days for blood trans-
fusion; during this time, some episodes of pneumonia oc-
curred. The number of respiratory infections increased af-
ter 24 months of age, and finally, the child expired at the
age of 34 months due to pneumonia and respiratory fail-
ure.

3. Discussion

Although the disease is rare, some TPI deficiency
mutations are reported globally (such as Val231Met and
Arg189Gln mutations). The Glu104Asp mutation (9, 10) is
the most frequent one, which is nearly the same as our
case. Since the genetic pattern of TPI deficiency is autoso-
mal recessive, our patient has indeed been homozygous.
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Figure 1. The reported patient with TPI deficiency at the age of two years old. The picture shows dystonia in the upper limbs and cervical dystonia. Lower limbs were affected
mildly.
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Concerning the lack of any previous report of this enzy-
mopathy, it seems to be the first reported case from the
I.R. Iran. In some accounts, recurrent lower respiratory in-
fections are a significant problem before progressive neu-
rological involvement (11). This was not true in our case,
who had neurologic manifestations before the episodes of
pneumonia, for which we could not find out a reason. In
addition to the signs and symptoms that mentioned be-
fore, intellectual disability is reported in these patients (9).

Chorionic villus DNA analysis makes prenatal diagno-
sis in the first trimester of pregnancy possible. This has
been done in a Spanish family with Glu104Asp mutation
TPI deficiency, in which the fetus was heterozygous for
the mutation and therefore predicted to be clinically un-
affected (12).

Although some studies emphasize the absence of any
treatment for the disease (10), there is some report about
successful treatment of the disease in mice with similar
human TPI deficiency through bone marrow transplanta-
tion (13). Although the disease is rare and is not routinely
screened because of the low probability of occurrence,
this enzymopathy should be considered in each newborn
with the presentation of coombs-negative hemolytic ane-
mia without recognizing any particular reason.

Comparing laboratory data on the first and third days
of life reveals prominent anemia on the first day and a
rapidly progressive decrease in Hgb and Hct levels accom-
panied by an increasing percentage of reticulocyte count.

As mentioned above, some advantages are obtained in
treating the disease in animal models through bone mar-
row transplantation. In the condition of inevitable mortal-
ity in early childhood, it looks pretty logical that this treat-
ment is considered for the patients before appearing neu-
rologic manifestations, emphasizing the early diagnosis of
the disease.

We could not assess the parents for genetic analyses,
partly because of the family’s economic limitations. It may
be considered the only limitation of the present study.
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