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ABSTRACT
Background. Thiamine-responsive megaloblastic anemia 
syndrome (TRMA), also known as Rogers syndrome, is 
characterized by megaloblastic anemia, sensorineural hearing 
loss, and diabetes mellitus. Disturbances of the thiamine 
transport into the cells results from homozygous or compound 
heterozygous mutations in the SLC19A2 gene.
Case presentation. We report a girl which presented with 
sensorineural deafness treated with a hearing prosthesis, insulin 
requiring diabetes, macrocytic anemia, treated with thiamine 
(100 mg/day). Hemoglobin level improved to 12.1 g/dl after 
dose of thiamine therapy increased up to 200 mg/day. 
Conclusion. Patients with TRMA must be evaluated for 
megaloblastic anemia, sensorineural hearing loss, and diabetes 
mellitus. They must be followed for response of hematologic 
and diabetic after thiamine therapy. It should be kept in mind 
that dose of thiamine therapy may be increased according 
to the clinical response. Genetic counseling should be given.
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Infantile-onset thiamine responsive megaloblastic anemia 
syndrome with SLC19A2 mutation: a case report

INTRODUCTION
Thiamine-responsive megaloblastic anemia 

syndrome (TRMA) was first described by 
Porter et al. in 1969. TRMA, also known as 
Rogers syndrome, is characterized by three 
main clinic components: diabetes mellitus, 
megaloblastic anemia, and sensorineural hearing 
loss. It is an autosomal recessive disease.1 The 
disease has been identified in approximately 
40 families so far. This syndrome is very rare 
except in consanguineous marriages and isolated 
communities.2 The syndrome is due to genetic 
defect of a thiamine transporter protein in bone 
marrow, a subset of cochlear cells, and pancreatic 
beta cells encoded by SLC19A2, located on the 
long arm of chromosome 1.2,3 SLC19A2 mutations 
result in thiamine deficiency in pancreatic beta 
cells and other affected tissues, leading to defects 
in cellular metabolism, cell stress, and apoptosis.2 
As a result, thiamine pyrophosphate level in 
erythrocytes of cases with TRMA is low. Using 
mouse models, it has been recently demonstrated 
that THTR1 along with THTR2 are involved in 
carrier-mediated thiamine uptake by pancreatic 
acinar cells.4

It is known that proteins responsible for the 
intracellular delivery of thiamine are necessary 
for effective use of thiamine in various tissues. 
Diabetes mellitus develops when thiamine 
transfer in pancreatic beta cells is disordered. 
Diabetes mellitus may appear at any time 
between infancy and adolescence. Autoantibodies 
typical of type 1 diabetes are negative and 
release of insulin is primarily defective. The 
effect of thiamine treatment on the course of 
diabetes is controversial. In a few cases, it was 
reported that insulin requirements decreased 
with thiamine treatment.2,3,5 It is thought that 
megaloblastic anemia, another classic sign of 
the syndrome, occurs as a result of intracellular 
thiamine deficiency due to a defective nucleic acid 
synthesis.6 Megaloblastic anemia starts at almost 
the same age when signs of hyperglycemia occur.2 
Anemia improves with pharmacological doses of 
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thiamine (25-75 mg/day), but mean corpuscular 
volume is high throughout life. Suspension 
of treatment results in recurrence of anemia. 
Furthermore, unresponsiveness to thiamine may 
develop during treatment.7 Progressive hearing 
loss is one of the main findings of the syndrome 
and is known to be irreversible. However, most 
of the TRMA cases reported to date have been 
diagnosed after infancy and the hearing loss 
was already present in many at the time of 
diagnosis.8 In addition to the main components, 
other findings including thrombocytopenia, 
pancytopenia, optic atrophy, retinal degeneration, 
situs inversus, cardiomyopathy, arrhythmias, 
congenital heart defects, and stroke have been 
reported in association with TRMA syndrome.9,10

Here, we present an infant with TRMA to 
describe clinical characteristics of this rare disease 
and beneficial effects of thiamine on particularly 
hematologic parameters.

Case presentation
A female patient first presented with pallor at 

the age of 3 months. She was born at term with 
a birth weight of 2700 g. The parents were first-
degree cousins. On physical examination, weight 
was 6850 g (97 percentile) and length 55 cm 
(3-10 percentile). Tachypnea and tachycardia 
were evident. Ophthalmologic and cardiologic 
examinations were normal. Hearing loss was 
detected.

Laboratory results showed macrocytic anemia 
and neutropenia (hemoglobin 4.2 g/dl, mean 
corpuscular volume 106 fl, platelets 157 000/mm3, 
leukocytes 5830/mm3, absolute neutrophil 
count 190/mm3). Folate and vitamin B12 levels 
were normal. Bone marrow aspiration was 
normocellular and megaloblastic changes were 
observed. The percentage of sideroblasts was 12% 
and, subsequently, thiamine at a dose of 100 mg/
day was started. Simultaneously, hyperglycemia 
was present (glucose 400 mg/dl, HbA1c 8.4%). 
Insulin treatment was started. Islet cell, insulin, 
and glutamic acid decarboxylase autoantibodies 
were negative. Cochlear implant was used owing 
to sensorineural hearing loss.

Hemoglobin levels increased to 13 g/dl with 
100 mg/day thiamine treatment. However, 
insulin requirement continued and doses up to 
0.6 U/kg/day was needed. During follow-up, the 
highest level of HbA1c was 8.4%.

Hemoglobin level decreased to 9 g/dl in the 
fourth year during the therapy of thiamine (100 mg/
day). The dose was increased to 200 mg/day. 

One month later, hemoglobin level improved 
to 12.1 g/dl. However, no change in the insulin 
doses was needed.

Sequencing analysis of the SLC19A2 gene 
identified a known homozygous mutation 
c.242_243insA (p.Y81*) in exon 2. Because TRMA 
is an autosomal recessive inherited disorder, our 
patient’s parents received genetic counseling 
despite of not having another case relative with 
same disease.

DISCUSSION
Our case had presented with pallor, tachypnea 

and tachycardia when she was 3 months old. 
Megaloblastic anemia with 12% sideroblasts, 
hyperglycemia and hearing loss was detected 
and TRMA was considered. While TRMA is a 
kind of the sideroblastic anemias, it is separated 
from other sideroblastic anemias due to its 
megaloblastic nature. Megaloblastic anemia 
usually begins in early childhood. Megaloblastic 
changes and the presence of more than 10% 
sideroblasts in the bone marrow aspiration leads 
to the diagnosis of TRMA.11

Beshlawi et al.,5 reported that response to 
thiamine was variable, hemoglobin level can 
reach normal values and insulin dose decreased 
after one month with thiamine therapy (100 mg/
day). Two patients were stopped using insulin 
after thiamine dose reached 200 mg/day.3,5 
Alzahrani et al. informed that high dose thiamine 
therapy in TRMA patients can improve the 
disease symptoms, correct the anemia and reduce 
or discontinue the need for exogenous insulin.12 
Our patient was diagnosed non-autoimmune 
diabetes mellitus at age of 3 months. Diabetes 
mellitus in TRMA is a non-autoimmune disorder 
due to a defect of insulin secretion. Although, it has 
been reported that dose of insulin can be reduced 
during thiamin treatment; insulin dose of our case 
did not decline during the 4 year follow-up. Blood 
glucose of the patient was regulated by 0.4 U/kg/
day of insulin dose. Unlike previous reported 
cases, insulin requirement of our patient did not 
decrease during this process, notwithstanding 
dose of thiamine was increased to 200 mg/day.

The  pat ients  wi th  TRMA are  usual ly 
published as a case report, in the literature. 
Anemia improves with pharmacological doses of 
thiamine (25-75 mg/day), but mean corpuscular 
volume is high throughout life. Suspension 
of treatment results in recurrence of anemia. 
Furthermore, unresponsiveness to thiamine may 
develop during treatment.7 Mikstiene V. et al., 
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reported that the clinical condition of a 3-year-
old male patient markedly improved several days 
after the initiation of daily supplementation with 
thiamine 100 mg.13 In our case, anemia initially 
improved with 100 mg/day thiamine treatment. 
Hemoglobin level increased to 13 g/dl from 
7 g/dl after 100 mg/day thiamine treatment. 
But anemia worsened in fourth year follow-up 
by virtue of non-response to the 100 mg/day 
thiamine treatment. Hemoglobin level decreased 
to 9 g/dl. Dose of thiamine was increased up 
to 200 mg/day. After 4 weeks, hemoglobin 
level increased to 12 g/dl and no side effects of 
thiamine drug was seen during the 200 mg/day 
treatment.

Hearing loss was detected at age of 3 months. 
Cochlear implant was inserted owing to hearing 
loss despite of thiamine treatment. Although, 
it is not clear how that sensorineural hearing 
loss develops in the first stages of life. In 
experimental animals was found a dysfunction 
of hair cells in the inner ear. Hearing loss is 
progressive, irreversible and unresponsive to 
thiamine treatment.14 On the contrary, Önal et 
al., reported a female case who had not hearing 
loss at diagnosis and she did not developed 
hearing loss during follow-up after early thiamine 
treatment (<2 months).15

TRMA is caused by mutations in SLC19A2 
gene with six exons which reside on chromosome 
1q23.3. Although most common mutations are 
in exon 2, mutations in the exons 1, 3, and 4 are 
also known.16 In our case report, sequencing 
analysis of the SLC19A2 gene identified a known 
homozygous mutation c.242_243insA (p.Y81*) in 
exon 2.

In conclusion, TRMA is a rare disorder which 
typically has a clinical triad: megaloblastic 
anemia, sensorineural hearing loss and diabetes 
mellitus. Genetic analysis confirms the diagnosis 
of TRMA. Patients with TRMA must be evaluated 
for megaloblastic anemia, sensorineural hearing 
loss, and diabetes mellitus. They must be followed 
for response of anemia and diabetic after thiamine 
therapy. Hematologic values are especially 
improved during thiamine treatment but the 
dose of thiamine may be increased according to 
the clinical response. Genetic counseling should 
be given. n

REFERENCES
1. Porter FS, Rogers LE, Sidbury JB Jr. Thiamine-responsive 

megaloblastic anemia. J Pediatr 1969;74(4):494-504.
2. Oishi K, Diaz GA. Thiamine-Responsive Megaloblastic 

Anemia Syndrome. 2003 Oct  24 [updated 2012 Nov 20]. 
In: Pagon RA, Adam MP, Ardinger HH, Bird TD, et al, 
editors. GeneReviews® [Internet]. Seattle (WA): University 
of Washington, Seattle; 1993-2014. [Accessed: May 02,2015] 
Available in: http://www.ncbi.nlm.nih.gov/books/
NBK1282/.

3. Neufeld EJ, Mandel H, Raz T, Szargel R, et al. Localization 
of the gene for thiamine-responsive megaloblastic 
anemia syndrome, on the long arm of chromosome 1, 
by homozygosity mapping. Am J Hum Genet 1997;61(6): 
1335-41.

4. Subramanian VS, Subramanya SB, Said HM. Relative 
contribution of THTR-1 and THTR-2 in thiamin uptake 
by pancreatic acinar cells: studies utilizing Slc19a2 and 
Slc19a3 knockout mouse models. Am J Physiol Gastrointest 
Liver Physiol 2012;302(5):G572-8.

5. Beshlawi I, Al Zadjali S, Bashir W, Elshinawy M, et al. 
Thiamine responsive megaloblastic anemia: the puzzling 
phenotype. Pediatr Blood Cancer 2014;61(3):528-31.

6. Boros LG, Steinkamp MP, Fleming JC, Paul Lee WN, et al. 
Defective RNA ribose synthesis in fibroblasts from patients 
with thiamine-responsive megaloblastic anemia (TRMA). 
Blood 2003;102(10):3556-61.

7. Ricketts CJ, Minton JA, Samuel J, Ariyawansa I, et al. 
Thiamine-responsive megaloblastic anemia syndrome; 
long-term follow-up and mutation analysis of seven 
families. Acta Paediatr 2006;95(1):99-104.

8. Fleming JC, Steinkamp MP, Kawatsuji R, Tartaglini E, et 
al. Characterization of a murine high-affinity thiamine 
transporter, SLC19A2. Mol Genet Metab 2001;74(1):273-80.

9. Meire FM, Van Genderen MM, Lemmens K, Ens-Dokkum 
MH. Thiamine-responsive megaloblastic anaemia 
syndrome (TRMA) with cone-rod dystrophy. Ophthalmic 
Genet 2000;21(4):243-50. 

10. Lorber A, Gazit AZ, Khoury A, Schwartz Y, et al. Cardiac 
manifestations in thiamine-responsive megaloblastic 
anemia syndrome. Pediatr Cardiol 2003;24(5):476-81.

11. Bottomley SS, Fleming MD. Sideroblastic anemia: 
diagnosis and management. Hematol Oncol Clin North Am 
2014;28(4):653-70.

12. Alzahrani AS, Baitei E, Zou M, Shi Y. Thiamine transporter 
mutation: an example of monogenic diabetes mellitus. Eur 
J Endocrinol 2006;155(6):787-92.

13. Mikstiene V, Songailiene J, Byckova J, Rutkauskiene G, et 
al. Thiamine responsive megaloblastic anemia syndrome: 
a novel homozygous SLC19A2 gene mutation identified. 
Am J Med Genet A 2015;167(7):1605-9. 

14. Akın L, Kurtoğlu S, Kendirci M, Akın MA, et al. Does 
early treatment prevent deafness in thiamine-responsive 
megaloblastic anaemia syndrome? J Clin Res Pediatr 
Endocrinol 2011;3(1):36-9.

15. Onal H, Bariş S, Ozdil M, Yeşil G, et al. Thiamine-responsive 
megaloblastic anemia: early diagnosis may be effective in 
preventing deafness. Turk J Pediatr 2009;51(3):301-4.

16. Bergmann AK, Sahai I, Falcone JF, Fleming J, et al. Thiamine-
responsive megaloblastic anemia: identification of novel 
compound heterozygotes and mutation update. J Pediatr 
2009;155(6):888-92.


