
Sideroblastic Anemia with B-Cell
Immunodeficiency, Periodic Fevers, and
Developmental Delay (SIFD) —
Comprehensive Disease Report

Disease: Sideroblastic  Anemia  with  B-Cell  Immunodeficiency,  Periodic  Fevers,  and
Developmental Delay (SIFD) Causal gene: TRNT1 (tRNA nucleotidyltransferase 1; CCA-adding
enzyme;  HGNC:17341;  gene  OMIM  612907)  Disease  identifiers: MONDO:0014487  ·  OMIM
616084  ·  Orphanet  ORPHA:457395  ·  Synonyms:  SIFD  syndrome,  SIFD,  TRNT1  deficiency
Category: Mendelian, autosomal recessive

This  report  concerns  SIFD  syndrome,  caused  by  biallelic  partial  loss-of-function
variants  in  TRNT1,  the  gene encoding  the  CCA-adding tRNA nucleotidyltransferase
that matures the 3′ end of all cytosolic and mitochondrial transfer RNAs. All identifiers
above point to the same TRNT1-related entity; the disease name is descriptive (not a serial
number).

Summary

SIFD is a rare, autosomal-recessive, infantile-onset multisystem disorder caused by  biallelic
partial  loss-of-function  variants  in  TRNT1,  the  gene  encoding  the  essential  CCA-adding
tRNA nucleotidyltransferase.  TRNT1 catalyzes the template-independent addition of the 3′-
terminal  cytosine–cytosine–adenosine  (CCA)  trinucleotide  to  all  mature  cytosolic  and
mitochondrial tRNAs, a modification obligatory for aminoacylation and therefore for protein
synthesis in both compartments.  Because complete loss of TRNT1 is incompatible with life,
SIFD arises only from hypomorphic allele combinations that reduce — but do not abolish —
enzymatic activity (PMID: 25193871; PMID: 32471101).

https://pubmed.ncbi.nlm.nih.gov/25193871/
https://pubmed.ncbi.nlm.nih.gov/32471101/


The clinical syndrome was first delineated by Wiseman and colleagues in 2013 across 12 cases,
one year before TRNT1 was identified as the cause (PMID: 23553769;  PMID: 25193871). The
cardinal  tetrad  —  sideroblastic/microcytic  anemia,  B-cell  immunodeficiency  with
hypogammaglobulinemia, periodic fevers, and developmental delay — is accompanied by a
broad spectrum of secondary features including retinitis pigmentosa, cataract, sensorineural
deafness,  cardiomyopathy,  renal  tubulopathy,  gastrointestinal  disease,  and  neutrophilic
dermatosis. Mechanistically, reduced CCA addition depletes mature tRNAs, impairing cytosolic
and  mitochondrial  translation;  this  produces  mitochondrial  dysfunction,  oxidative  stress,
impaired  autophagy/proteostasis,  and  a  TNF-driven  autoinflammatory  state (PMID:
29358286; PMID: 28390992).

Prognosis is guarded: pooled survival is roughly 69% at 10 years, with early onset (≤3 months),
seizures, and low B-cell counts predicting worse outcomes, and the recurrent hot-spot allele
c.668T>C  (p.Ile223Thr) over-represented  among  fatal  cases  (PMID:  41795040;  PMID:
34310935). Two therapeutic pillars have emerged: TNF-α inhibitors (etanercept, adalimumab;
thalidomide  as  alternative)  control  the  autoinflammatory  component,  and  allogeneic
hematopoietic  stem  cell  transplantation  (HSCT) can  correct  the  hematologic  and
immunologic disease (PMID: 29358286; PMID: 23553769).

1. Disease Information

SIFD is a syndromic congenital sideroblastic anemia in which hematologic disease co-occurs
with  humoral  immunodeficiency,  recurrent/periodic  febrile  episodes  without  an  infective
cause, and neurodevelopmental impairment. It was originally described as "a novel syndrome
of  congenital  sideroblastic  anemia,  B-cell  immunodeficiency,  periodic  fevers,  and
developmental delay" (PMID: 23553769).

Key identifiers:
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Resource Identifier

MONDO MONDO:0014487

OMIM (disease) 616084

OMIM (gene TRNT1) 612907

Orphanet ORPHA:457395

HGNC 17341 (TRNT1)

MeSH indexed under sideroblastic anemia / immunologic deficiency syndromes

ICD-10 D64.0 (hereditary sideroblastic anemia), approximate

Synonyms  /  alternative  names: SIFD;  SIFD  syndrome;  TRNT1  deficiency;  congenital
sideroblastic anemia with immunodeficiency, fevers and developmental delay.

Source of information: The knowledge in this report is derived from  aggregated disease-
level resources — systematic reviews and case series pooling individually-reported patients
from the world literature — rather than from a single EHR cohort. The largest aggregations
comprise roughly 58–75+ unique patients (PMID: 35984545; PMID: 41795040).

2. Etiology

Primary  cause  —  genetic: SIFD  is  caused  by  biallelic  (homozygous  or  compound
heterozygous)  partial  loss-of-function  variants  in  TRNT1 (PMID:  25193871;  PMID:
32471101). As stated in the landmark gene discovery,  "SIFD is caused by biallelic mutations in
TRNT1, the gene encoding the CCA-adding enzyme essential for maturation of both nuclear and
mitochondrial transfer RNAs" (PMID: 25193871).

Genetic risk architecture: The disease is fully penetrant Mendelian; two hypomorphic alleles
are  required.  Complete  loss  of  function  is  lethal,  so  all  disease-causing  genotypes  retain
residual  enzyme  activity  (PMID:  25193871).  The  nature  of  the  allele  combination  is  the
principal  determinant  of  severity  —  milder/more  hypomorphic  combinations  produce  the
attenuated  retinitis  pigmentosa  with  erythrocyte  microcytosis phenotype,  while  more
severe combinations produce full  SIFD,  illustrating a genotype–phenotype gradient  along a
single  allelic  series:  partial  LOF  "are  associated  with  various,  seemingly  unrelated  human
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diseases  including  sideroblastic  anemia  with  B-cell  immunodeficiency,  periodic  fevers  and
developmental delay (SIFD), retinitis pigmentosa with erythrocyte microcytosis, and progressive
B-cell immunodeficiency" (PMID: 32471101; PMID: 42830586).

Environmental risk, protective factors, and gene–environment interaction: No established
environmental  risk  factors,  protective  dietary/lifestyle  factors,  or  gene–environment
interactions have been identified for this monogenic disorder.  Consanguinity increases the
likelihood  of  homozygous  genotypes  in  affected  families  (see  §9).  Febrile/inflammatory
episodes  may  be  clinically  triggered  by  intercurrent  infection,  but  the  disease  itself  is
genetically determined.  This information is  not available /  not applicable beyond the genetic
etiology.

3. Phenotypes

Phenotype frequencies  are  best  quantified by the  systematic  review of  58  unique patients
(PMID: 35984545), which reported: "The most frequent manifestations are haematologic such as
microcytic  anaemia  or  sideroblastic  anaemia  (55/58),  recurrent  fever  (52/58),  neurologic
abnormalities  (48/58),  immunologic  abnormalities  in  particular  a  humoral  immunodeficiency
(48/58),  gastrointestinal  signs  and  symptoms  (38/58),  eye  diseases  as  cataract  and  retinitis
pigmentosa (27/58), failure to thrive (26/58), mucocutaneous involvement (29/58), sensorineural
deafness (19/58)."
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Phenotype Type Frequency HPO suggestion

Microcytic / sideroblastic
anemia

Lab
abnormality /
hematologic

55/58
(~95%)

HP:0001877 (microcytic
anemia); HP:0001924
(sideroblastic anemia)

Recurrent / periodic fever Clinical sign
52/58
(~90%)

HP:0001954 (recurrent
fever); HP:0025142
(periodic fever)

Neurologic abnormality /
developmental delay

Clinical sign
48/58
(~83%)

HP:0001263 (global
developmental delay)

Humoral immunodeficiency /
hypogammaglobulinemia

Lab
abnormality /
immunologic

48/58
(~83%)

HP:0004313 (decreased
antibody level); HP:0005404
(B-cell lymphopenia)

Gastrointestinal signs Clinical sign
38/58
(~66%)

HP:0011024 (GI tract
abnormality)

Mucocutaneous involvement
Physical
manifestation

29/58
(~50%)

HP:0011368 (dermatological
manifestation)

Eye disease (cataract, retinitis
pigmentosa)

Clinical sign
27/58
(~47%)

HP:0000518 (cataract);
HP:0000510 (retinitis
pigmentosa)

Failure to thrive Clinical sign
26/58
(~45%)

HP:0001508 (failure to
thrive)

Sensorineural deafness Clinical sign
19/58
(~33%)

HP:0000407 (sensorineural
hearing impairment)

Additional  reported  features: cardiomyopathy  (HP:0001638),  renal  tubulopathy/
nephrocalcinosis  (HP:0000121),  hepatosplenomegaly  (HP:0001433),  exocrine  pancreatic
insufficiency (HP:0001738), cerebellar atrophy (HP:0001272), seizures (HP:0001250), brittle hair
(HP:0002299),  and  neutrophilic  dermatosis  (PMID:  27370603;  PMID:  29055896;  PMID:
33332575).

Characteristics: Age of onset is neonatal/early-infantile — "Onset of disease is very early with
a median age of 4 months (range 0-252 months)" across 58 patients (PMID: 35984545) and mean
~3.0 months in another series (PMID: 36729249). Severity is variable but often severe; fevers
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follow an  episodic/periodic course while anemia and developmental features are typically
progressive/chronic. The disease can be exceptionally severe antenatally, presenting as fetal
hydrops and neonatal death with prominent extramedullary erythropoiesis (PMID: 29055896).

Quality-of-life  impact: Transfusion  dependence,  recurrent  fevers,  developmental  delay,
visual/hearing loss, and immunodeficiency collectively impose a very high burden on affected
children and caregivers. Formal EQ-5D/SF-36/PROMIS data are not available for this ultra-rare
disease.

4. Genetic / Molecular Information

Causal gene: TRNT1 (tRNA nucleotidyltransferase 1),  chromosome 3p;  gene OMIM 612907;
HGNC:17341. The enzyme adds the 3′-terminal CCA trinucleotide to all mature cytosolic and
mitochondrial tRNAs: "tRNA nucleotidyl transferase 1 (TRNT1) is an essential enzyme catalyzing
the addition of terminal cytosine-cytosine-adenosine (CCA) trinucleotides to all mature tRNAs,
which is necessary for aminoacylation" (PMID: 32471101).

Pathogenic variant spectrum: Across ~41–46 reported mutations in 58–75 patients, variants
are  predominantly  missense,  with  additional  nonsense,  frameshift,  and splice-site  alleles;
non-coding/promoter variants are over-represented among fatal cases (PMID: 35984545; PMID:
36729249; PMID: 34310935). Representative variants include:

Variant (cDNA) Protein Notes

c.668T>C p.Ile223Thr Recurrent hot-spot; severe/lethal association

c.88A>G p.Met30Val Compound-het, uncertain significance (PMID: 34625936)

c.363G>T p.Glu121Asp Compound-het, likely pathogenic (PMID: 34625936)

c.193G>C p.Ala65Pro Hypomorphic, RP phenotype (PMID: 42830586)

c.1252dup p.Ser418fs Truncating, in trans with hypomorph (PMID: 42830586)

c.495_498del p.Phe167Tfs*9 Neutrophilic dermatosis case (PMID: 33332575)

c.1246A>G p.Lys416Glu Same case (PMID: 33332575)
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Variant  classification  (ACMG/AMP): Most  established  alleles  are  pathogenic/likely
pathogenic;  novel  variants  are  often  classified  by  combinations  of  PM1/PM2/PP3/PP4  and
functional  evidence  (PMID:  34625936).  Allele  frequency: Pathogenic  alleles  are  rare  in
gnomAD, consistent with ultra-rare recessive disease (carrier frequency undefined).

Functional  consequences  —  loss  of  function  (hypomorphic): In  vitro  characterization
shows disease-linked missense substitutions reduce protein thermal stability and/or catalytic
efficiency: "the SIFD phenotype is linked to poor stability of the T154I and L166S variant proteins,
and to a combination of reduced stability and altered catalytic efficiency in the M158V, R190I and
I223T variants" (PMID:  29454993).  The mechanism is  partial  loss  of  function,  not  gain  of
function or dominant-negative action: "the patient-associated TRNT1 mutations result in partial
loss of function of TRNT1 and lead to metabolic defects in both the mitochondria and cytosol,
which can account for the phenotypic pleiotropy" (PMID: 25193871).

Modifier genes, epigenetics, chromosomal abnormalities: No established modifier genes,
disease-specific epigenetic signatures, or chromosomal abnormalities have been reported. Not
available / not applicable. Somatic vs germline: All pathogenic variants are germline.

5. Environmental Information

SIFD is a monogenic disorder with  no established environmental, lifestyle, or infectious
causal agents. Intercurrent infections may precipitate febrile/inflammatory flares and, given
the humoral immunodeficiency, patients are susceptible to bacterial and viral infections (e.g.,
herpetic  stomatitis,  pneumonia,  Metapneumovirus  tracheitis  reported  in  one  case;  PMID:
33332575), but these are complications rather than causes. Environmental and lifestyle sections
are not applicable to disease causation.

6. Mechanism / Pathophysiology

Ordered causal chain

Biallelic hypomorphic TRNT1 variants reduce the abundance/stability/catalytic efficiency
of the CCA-adding enzyme (demonstrated in vitro) → leads to partial loss of 3′-CCA-addition
capacity. (PMID: 25193871; PMID: 29454993)

1. 
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Reduced CCA addition → results in failure to mature a fraction of mitochondrial tRNAs
(tRNA-Cys, tRNA-LeuUUR, tRNA-His demonstrated in patient fibroblasts) and cytosolic
tRNAs (deep tRNA-seq shows significant deficiency of mature cytosolic tRNAs). (PMID:
27370603; PMID: 29358286)

tRNA pool depletion → impairs aminoacylation and translation in both compartments →
loss of tRNA integrity and imbalance of distinct proteins (proteostasis defect). (PMID:
37239403)

Branch A (mitochondrial): Impaired mitochondrial translation → leads to mitochondrial
dysfunction and oxidative stress, with impaired autophagy: "Patient-specific iPSCs and
iPSC-derived retinal organoids exhibited a deficit in autophagy, as evidenced by aberrant
accumulation of LC3-II and elevated levels of oxidative stress" (PMID: 28390992).

Branch B (cytosolic/immune): Cytosolic tRNA deficiency and proteostasis stress → drives a
TNF-dependent autoinflammatory program (elevated serum IL-6, IFN-γ and IFN-induced
cytokines; tissue TNF and IL-1β), inferred to arise from stress-sensing of aberrant
translation. (PMID: 29358286)

In macrophages, TRNT1 function supports mitochondrial reprogramming via the
translocator protein TSPO, required for antibacterial/antiviral cytokine responses —
linking the translational defect to innate-immune dysfunction. (PMID: 41019077)

Compartment-specific consequences → produce the clinical manifestations:

Erythroid precursor dysfunction → sideroblastic/microcytic anemia

B-cell maturation arrest at the pro-B/CD19+ stage → hypogammaglobulinemia / B-cell
immunodeficiency (PMID: 30758723)

TNF-driven inflammation → periodic fevers, neutrophilic dermatosis

Neuronal/retinal/cochlear vulnerability to oxidative/translational stress → developmental
delay, retinitis pigmentosa, deafness

Detail by category

Molecular pathways: tRNA 3′-end maturation (CCA addition) feeding cytosolic and
mitochondrial translation; downstream TNF signaling and IFN pathways. GO terms:
GO:0001680 (tRNA 3′-terminal CCA addition), GO:0006412 (translation), GO:0032543
(mitochondrial translation).

Cellular processes: impaired autophagy (GO:0006914), oxidative stress response
(GO:0006979), inflammatory response (GO:0006954), apoptosis/necrosis of marrow and skin
cells seen on EM (PMID: 29358286).

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

• 

• 
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Protein dysfunction: reduced thermal stability and catalytic efficiency of mutant TRNT1
(loss of function) (PMID: 29454993).

Immune involvement: combined humoral immunodeficiency (B-cell arrest) and
autoinflammation. "Inflammatory cytokines, mainly interleukin (IL)-6, interferon gamma
(IFN-γ) and IFN-induced cytokines were elevated in the serum, whereas tumour necrosis
factor (TNF) and IL-1β were present in tissue biopsies of patients with active inflammatory
disease" (PMID: 29358286; PMID: 30758723).

Subcellular localization: mitochondria (GO:0005739) and cytosol (GO:0005829) — dual-
compartment defect explains pleiotropy (PMID: 25193871).

Schematic

Biallelic hypomorphic TRNT1
        │ (reduced stability/catalysis)
        ▼
 ↓ 3'-CCA addition to tRNAs
        │
   ┌────┴─────────────────────────┐
   ▼                              ▼
Mitochondrial tRNA deficit    Cytosolic tRNA deficit
   │                              │
   ▼                              ▼
Mito dysfunction,            Impaired translation,
oxidative stress,            proteostasis imbalance
impaired autophagy                │
   │                              ▼
   │                      TNF-driven autoinflammation
   │                      (serum IL-6/IFN-γ; tissue TNF/IL-1β)
   └──────────────┬───────────────┘
                  ▼
 Sideroblastic anemia · B-cell immunodeficiency ·
 periodic fevers · developmental delay · RP/cataract ·
 deafness · cardiomyopathy · renal/GI disease

7. Anatomical Structures Affected

Primary organs / systems: -  Hematopoietic/bone marrow (UBERON:0002371) — erythroid
precursors (CL:0000038) → sideroblastic/microcytic anemia with ring sideroblasts. -  Immune
system —  B  lymphocytes  (CL:0000236),  maturation  arrest  at  pro-B/CD19+  stage  →

• 

• 

• 
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hypogammaglobulinemia  (PMID:  30758723).  -  Nervous  system — brain  (UBERON:0000955)
and cerebellum (UBERON:0002037) → developmental delay, seizures, cerebellar atrophy. - Eye
—  retina/photoreceptors  (CL:0000210;  UBERON:0000966)  and  lens  (UBERON:0000965)  →

retinitis pigmentosa, cataract.

Secondary  involvement: gastrointestinal  tract  (UBERON:0001555)  and  exocrine  pancreas
(UBERON:0001263); kidney/renal tubules (UBERON:0001231) → tubulopathy, nephrocalcinosis;
heart  (UBERON:0000948)  →  cardiomyopathy;  liver/spleen  →  hepatosplenomegaly;  skin
(UBERON:0002097)  →  neutrophilic  dermatosis;  inner  ear/cochlea  →  sensorineural  deafness
(PMID: 27370603; PMID: 29055896; PMID: 33332575).

Subcellular level: mitochondria (GO:0005739) and cytosol (GO:0005829), reflecting the tRNA
pool  in  both compartments.  Lateralization: manifestations (anemia,  fevers,  developmental
delay) are systemic/bilateral.

8. Temporal Development

Onset: Congenital  to  early-infantile;  median  age  of  onset  4  months  (range  0–252  months)
(PMID:  35984545);  median  age  at  presentation  2  months  in  the  original  cohort  (PMID:
23553769);  mean  ~3.0  months  (PMID:  36729249).  Onset  pattern  is  typically  subacute  to
chronic, with superimposed episodic febrile flares. Severe cases present antenatally as fetal
hydrops (PMID: 29055896).

Progression: Chronic,  lifelong,  multisystem.  Anemia  and neurodevelopmental  features  are
progressive;  fevers  are  periodic/relapsing.  Natural  history  in  the  original  series  showed
median  survival  of  48  months  with  deaths  from  cardiac  or  multiorgan  failure  (PMID:
23553769).

Remission / critical periods: Spontaneous remission is not characteristic. Treatment-induced
control  of  inflammation  (TNF inhibition)  and  definitive  correction  of  hematologic/immune
disease (HSCT) are achievable. Early childhood is the critical window for intervention, given
high early mortality in severe genotypes (PMID: 41795040; PMID: 23553769).
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9. Inheritance and Population

Inheritance: Autosomal  recessive;  both  homozygous  (consanguineous  families)  and
compound  heterozygous  (non-consanguineous)  genotypes  are  reported  (PMID:  25193871; 
PMID:  36729249).  Penetrance is  effectively  complete  for  biallelic  hypomorphic  genotypes;
expressivity is variable,  graded by residual enzyme activity (full  SIFD ↔  isolated RP with
microcytosis). No genetic anticipation (not a repeat-expansion disorder); germline mosaicism
and founder effects are not established.

Epidemiology: Ultra-rare — the entire world literature comprises roughly  58–75+ described
patients;  one  systematic  review  noted  "The  search  identified  29  publications  describing  58
unique patients" (PMID: 35984545; PMID: 41795040). Population prevalence/incidence estimates
are not formally established. The disorder is pan-ethnic (European, Chinese, Japanese, Middle
Eastern populations all reported).  Sex ratio is ~1:1:  "The male: female ratio was 1: 1, and the
mean  age  of  onset  was  3.0  months" (PMID:  36729249).  Consanguinity contributes  to
homozygous cases. Carrier frequency is undefined but presumed very low.

10. Diagnostics

Genetic  testing  (definitive): Diagnosis  is  established  by  whole-exome  or  whole-genome
sequencing identifying  biallelic  TRNT1  variants,  confirmed  by  Sanger  segregation  (PMID:
25193871;  PMID:  34625936;  PMID:  42830586).  Single-gene  testing  and  sideroblastic-anemia/
immunodeficiency  gene  panels  including  TRNT1  are  also  used.  The  recurrent  hot-spot
c.668T>C (p.Ile223Thr) should be specifically sought given its prognostic weight.

Supportive laboratory findings: - Microcytic/sideroblastic anemia with ring sideroblasts on
bone-marrow iron (Prussian blue) staining; low hemoglobin (median 7.1 g/dL) and low MCV
(median 62.0 fL) in the original cohort (PMID: 23553769). -  B lymphopenia (CD19+ 0.016–0.22
×10⁹/L)  and  panhypogammaglobulinemia (PMID:  23553769;  PMID:  30758723).  -  Elevated
inflammatory  markers  (CRP,  ferritin,  IL-6)  during  febrile  episodes;  electrolyte  imbalance
during crises (PMID: 27370603; PMID: 29358286).
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Functional/research  assays: CCA-addition  assays  and  deep  tRNA  sequencing  in  patient
fibroblasts demonstrate the molecular defect — "Deep tRNA sequencing of patients' fibroblasts
showed  significant  deficiency  of  mature  cytosolic  tRNAs" (PMID:  29358286);  and  "functional
perturbation  of  3'  CCA  addition  to  mitochondrial  tRNAs  (tRNA(Cys),  tRNA(LeuUUR)  and
tRNA(His)) in fibroblasts" (PMID: 27370603).

Differential  diagnosis: Other  congenital  sideroblastic  anemias  (e.g.,  ALAS2/X-linked,
SLC25A38,  mitochondrial/Pearson  syndrome),  other  autoinflammatory  periodic  fever
syndromes, and primary humoral immunodeficiencies — distinguished by the characteristic
SIFD tetrad and biallelic TRNT1 genotype (PMID: 25193871).

Screening: Cascade genetic testing of at-risk relatives and prenatal/preimplantation genetic
testing are available once the familial variants are known. No population newborn screening
exists.

11. Outcome / Prognosis

Survival: The largest systematic review (75 patients) reported "The estimated 2-, 5-, and 10-year
Kaplan–Meier survival probabilities for all patients were 88.45%, 76.67%, 68.84% for all patients"
(PMID:  41795040).  Survival  was  markedly  worse  for  onset  ≤3  months  (82.40%  /  58.86%  /
44.85%) and for patients with seizures (70% / 40% / 26.68%; log-rank P<0.05). An earlier review
estimated "the mortality in cases of SIFD was approximately 44% (14/32)" (PMID: 34310935), and
the original cohort had a median survival of 48 months (PMID: 23553769).

Adverse prognostic factors: "younger age of onset of ≤ 3 months, seizures, and decreased B-cell
count" (PMID:  41795040).  The  hot-spot  genotype  is  lethality-associated:  "about  79%  of
individuals who died carried the hot-spot mutation c.668 T > C" (PMID: 34310935).

Causes  of  death: "Median  survival  was  48  months,  with  7  deaths  caused  by  cardiac  or
multiorgan failure" (PMID: 23553769).

Morbidity: Transfusion dependence with iron overload, developmental disability, visual and
hearing loss, and recurrent infection contribute to high morbidity. Definitive HSCT can cure
the hematologic/immune disease but does not reverse established neurologic/sensory deficits.
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12. Treatment

Supportive care (foundational): "Acute management of these patients included transfusion for
anaemia, fluid and electrolyte replacement and immunoglobulin therapy" (PMID: 27370603). Iron
chelation  is  required  for  transfusional  iron  overload;  immunoglobulin  (IVIG/SCIG)
replacement  treats  hypogammaglobulinemia  (PMID:  23553769).  NCIT:  Blood  Transfusion;
Intravenous Immunoglobulin Therapy; Iron Chelation Therapy.

Anti-inflammatory / targeted (TNF inhibition — NCIT: Tumor Necrosis Factor Inhibitor):
TNF-α inhibitors control the autoinflammatory component where IVIG fails. In the mechanistic
study, "In 4/4 patients, treatment with a TNF inhibitor suppressed inflammation, reduced the need
for  blood  transfusions  and  improved  growth" (PMID:  29358286).  Case  reports  confirm
etanercept:  "her condition stabilized with etanercept (a tumor necrosis factor [TNF] inhibitor)
and corticosteroids therapy" (PMID: 41795040;  PMID: 36121781).  Thalidomide is an effective
alternative: "Adalimumab was discontinued and replaced with thalidomide, which controlled the
periodic fever and normalized inflammatory markers effectively" (PMID: 36729249).

Curative therapy (NCIT: Allogeneic Hematopoietic Stem Cell Transplantation): Allogeneic
HSCT can correct the hematologic and immunologic disease. In the original series,  "One child
underwent bone marrow transplantation aged 9 months, with apparent cure of the hematologic
and immunologic manifestations" (PMID: 23553769); HSCT has since been applied for severe
disease (PMID: 41795040).

Treatment strategy: A rational algorithm is (1) supportive care (transfusion, chelation, IVIG) +
(2)  TNF inhibition  for  autoinflammation  +  (3)  consideration  of  allogeneic  HSCT for  severe
hematologic/immune disease,  ideally  before  irreversible  organ damage.  No  approved  gene
therapy, RNA-based therapy, or pharmacogenomic guidance currently exists; treatment is not
genotype-tailored beyond prognostic risk stratification.

13. Prevention

Because  SIFD  is  monogenic,  prevention  is  genetic  rather  than  public-health:  -  Genetic
counseling for autosomal-recessive 25% recurrence risk in carrier couples. -  Carrier testing
of relatives and prenatal / preimplantation genetic testing once familial TRNT1 variants are

OpenScientist Report

13

https://pubmed.ncbi.nlm.nih.gov/27370603/
https://pubmed.ncbi.nlm.nih.gov/23553769/
https://pubmed.ncbi.nlm.nih.gov/29358286/
https://pubmed.ncbi.nlm.nih.gov/41795040/
https://pubmed.ncbi.nlm.nih.gov/36121781/
https://pubmed.ncbi.nlm.nih.gov/36729249/
https://pubmed.ncbi.nlm.nih.gov/23553769/
https://pubmed.ncbi.nlm.nih.gov/41795040/


known. - Secondary prevention within affected individuals: early TNF inhibition and IVIG to
prevent inflammatory and infectious complications; chelation to prevent iron-overload organ
damage; audiology/ophthalmology surveillance for early detection of sensory loss.

No  primary  prevention  (vaccination,  lifestyle)  applies  to  disease  occurrence;  standard
childhood  immunization  and  infection  prophylaxis  are  advisable  given  immunodeficiency.
Population screening and environmental interventions are not applicable.

14. Other Species / Natural Disease

TRNT1 is evolutionarily conserved; the CCA-adding enzyme has orthologs across eukaryotes,
including  the  budding-yeast  gene  CCA1 (Saccharomyces  cerevisiae,  NCBI:txid4932),  which
functionally complements human TRNT1 and was used to validate pathogenic variants (PMID:
25193871). A mouse ortholog (Trnt1) exists. No naturally occurring SIFD-equivalent disease
in companion animals or wildlife has been documented in OMIA, and there is no zoonotic or
cross-species transmission (genetic disorder). Comparative value lies in the deep conservation
of tRNA CCA-addition machinery, which underpins model-organism complementation studies.
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15. Model Organisms

Model System Key findings PMID

Budding yeast (CCA1-
null complementation)

S. cerevisiae
(NCBI:txid4932)

Confirmed patient variants
cause partial LOF and dual
mito/cytosolic metabolic defects

25193871

Patient iPSC-derived
retinal organoids

In vitro human

Reduced full-length TRNT1,
autophagy deficit (LC3-II
accumulation), elevated
oxidative stress

28390992

Patient-derived
intestinal epithelial
organoids

In vitro human
(monogenic IBD
panel)

TRNT1 included among early-
onset IBD drivers; epithelial
phenotyping

41273131; 
40666956

RAW264.7
macrophages (siRNA
knockdown)

Murine cell line

TRNT1 knockdown impairs LPS/
Poly(I:C) cytokine responses via
TSPO-dependent mitochondrial
reprogramming

41019077

Patient fibroblasts In vitro human
Deep tRNA-seq (cytosolic tRNA
deficiency); CCA-addition assays
(mt-tRNA defect)

29358286; 
27370603; 
37239403

Phenotype recapitulation & limitations: The yeast model captures the enzymatic/metabolic
defect but not the multisystem phenotype — "Using budding yeast lacking the TRNT1 homolog,
CCA1, we confirm that the patient-associated TRNT1 mutations result in partial loss of function"
(PMID:  25193871).  iPSC-retinal  organoids  reproduce  retinal/autophagy/oxidative  pathology
(PMID:  28390992);  macrophage  knockdown  models  the  innate-immune  defect  (PMID:
41019077).  No  complete-knockout  mammalian  model  exists  because  complete  loss  of
TRNT1 is lethal — a hypomorphic/conditional mouse would be needed to model the systemic
disease.  These  complementary  systems  together  illuminate  distinct  facets  of  the
pathophysiology.
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Evidence Base
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PMID Study Contribution

23553769
Wiseman 2013, J Exp
Med

Original clinical delineation (12 cases); natural history, 48-
mo median survival, BMT curative for hematologic/immune
disease

25193871
Chakraborty 2014, 
Blood

Landmark gene discovery; biallelic TRNT1, partial LOF, yeast
complementation, dual-compartment defect

29358286 Giannelou 2018
TNF-driven autoinflammation; cytosolic tRNA deficiency;
TNF inhibitor efficacy (4/4)

28390992 iPSC retinal organoids
Autophagy deficit + oxidative stress downstream of TRNT1
deficiency

27370603
TRNT1 deficiency
clinical/biochemical

mt-tRNA CCA-addition defect in patient fibroblasts;
supportive-care measures

29454993 In vitro variant study
Mutant protein instability/altered catalysis (T154I, M158V,
L166S, R190I, I223T)

35984545
Systematic review (58
patients)

Phenotype frequencies; median onset 4 months

41795040
Systematic review (75
patients)

Survival statistics; adverse prognostic factors; TNF inhibitor/
HSCT

34310935
Chinese case report/
review

Mortality ~44%; c.668T>C lethality association

36729249 Thalidomide case Thalidomide efficacy; 1:1 sex ratio; mean onset 3.0 months

30758723 Atypical SIFD B-cell maturation arrest at pro-B/CD19+ stage

41019077
Macrophage/TSPO
study

Innate-immune mechanism via TSPO-dependent
mitochondrial reprogramming

37239403 TRNT1 proteostasis Loss of tRNA integrity and protein imbalance

32471101
Review of CCA-
addition defects

Essential enzyme function; allelic phenotypic spectrum

29055896 Fetal hydrops report Expands phenotype to antenatal severe presentation

33332575
Neutrophilic
dermatosis

New skin manifestation; novel variant
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PMID Study Contribution

42830586 RP + microcytosis Milder hypomorphic-allele phenotype end of spectrum

34625936
Novel compound-het
case

ACMG variant classification example

Limitations and Knowledge Gaps

Ultra-rare disease / small-N evidence. All epidemiologic and prognostic estimates derive
from pooled case reports and systematic reviews (≤75 patients), introducing ascertainment
and publication bias toward severe cases; true prevalence, incidence, and carrier frequency
are unknown.

No whole-organism mammalian disease model. Because complete TRNT1 loss is lethal,
there is no knockout mouse recapitulating systemic SIFD; a hypomorphic/conditional model
is lacking, limiting in vivo mechanistic and therapeutic testing.

Incomplete genotype–phenotype map. While c.668T>C is clearly severe, residual-activity
thresholds that separate full SIFD from isolated RP/microcytosis are not quantitatively
defined for most allele pairs.

Mechanism of tissue specificity is unresolved. Why a ubiquitous tRNA-maturation defect
preferentially injures erythroid precursors, B cells, neurons, and photoreceptors remains
inferential.

Limited long-term outcome and QoL data. No standardized QoL instruments, and long-
term post-HSCT neurologic/sensory outcomes are sparsely reported.

No disease-specific pharmacogenomics or gene therapy is yet available.

Proposed Follow-up Experiments / Actions

Establish an international SIFD/TRNT1 registry with standardized genotype, phenotype,
treatment, and survival data to replace pooled case-report inference with prospective
natural-history analysis.

1. 

2. 

3. 

4. 

5. 

6. 

1. 
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Generate a hypomorphic or conditional Trnt1 mouse to model systemic disease, test
TNF-inhibition timing, and evaluate gene/RNA-based therapies in vivo.

Quantitative enzyme–phenotype correlation: systematically measure residual CCA-
adding activity and thermal stability for all reported variants in vitro to build a predictive
severity model useful for counseling.

Dissect tissue-selective vulnerability using patient iPSC-derived erythroid, B-lymphoid,
and neuronal lineages to define which cell types depend most on TRNT1 and why.

Prospective trial of TNF inhibitors ± HSCT with predefined response/survival endpoints,
and biomarker monitoring (IL-6, IFN-γ, tissue TNF/IL-1β) to formalize the empirically
effective regimen.

Explore TSPO-targeted or mitochondrial/antioxidant adjuncts suggested by the
macrophage and retinal-organoid mechanistic work (PMID: 41019077; PMID: 28390992).

Report compiled from 26 reviewed publications and 11 confirmed findings. Evidence source types
span human clinical (case series/systematic reviews), in vitro (patient fibroblasts, iPSC organoids,
enzymology),  and  model-organism  (yeast  complementation,  murine  macrophage  knockdown)
studies.
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2. 

3. 

4. 

5. 

6. 
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