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ST 1o piF1a> G 20ty .
ER, PR, HER2, Ki67, p53, AR, EMA, CK7, CK8, 340E12, CK17, CK20, CK5/6, HMWCK, CK14, CK18, P63,
p40, calponin, SMMHC, SMM, SMA, CD10, S100, Beta Catenin, E-Cadherin, P120 Catenin,
Synaptophysin, Chromogranin, CD45, C-Kit, GATA3, GCDFP15, BCL2, CD34, vimentin, MDM2,CD31,
ERG, WT1, D2-40, Maspin , Caldesmon, laminin, FLI1, CD30, CD20, CD3.

SO HT A pStoo Giobiwg .Y

PSA, NKX3.1, P63, 34Be12, AMACR, CK5/6, LCA, CD20, CD3, PSAP, PSMA, 34BE12, PAX-8, PAX-2, GATA3,

AR, PR, CK7, CK20, P504S, CD44, CD34, actin, STAT6, S-100A1, Ki67, S100, Desmin, SMA, Vimentin, ERG.

SO HT Vo 25t G2 J06,0T gals .Y

KIT, CK7, S100, VIM, CAIX, SDH, TFE3, LCA, CD20, CD3, P53, WT1, PAX-8, CD56, CD57, CK, EMA, Desmin,

cyclin D1, Inhibin, Calretinin, Chromogranin, Synaptophysin, BCOR, Vimentin, C4d, Anti-SV40, KIM-1,

CD10, Carbonic anhydrase IX, PAX-2, AMACR, CD117, CD9, Paxillin, Parvalbumin, Claudin-7, Ep-Cam, E-

cadherin, SMARCB1 (INI-1), OCT3/4, S-100A1, HMB45, CD34, Ki67,CD68, Melan-A, SF-1, GATA3, S-100,

NSE, NB-84, Microtubule-associated proteins, PHOXB2, CK20, , CDX2, TTF1, CD20, CD19, CD45, Nestin,
Mammaglobin, SMA, p40, RCC, thyroglobulin, PSA, SALL4, AE1/AE3, CD30, PLAP, AFP.

66‘3@7 A iﬂ» (] :6)‘)0‘ 6}‘%0 9 abo ¥
CK7, CK20, p63, PSA, PSAP, 34betael2, Leu7, Uroplakin Il & lll, GATA3, LCA, P53, p40, CD20, CD3, ki67,
Thrombomodulin, PDL1, CK5/6, CK14, B-catenin, SATB2, CEA, EMA, ALK, Desmin, Vimentin, Calponin,
Myogenin, MyoD1, racemase, NKX3.1, CD44, p16, CDX2, TTF1, Chromogranin, Synaptophysin, CD19, Syn,
5100, MelanA, HMBA45, Nestin, Thyroglobulin, Mammaglobin, SMA, CD10, RCC, CD117, SALL4, AE1/AE3,
CD30, OCT 3/4, PLAP, Pax-8 AFP.

ST Vo G510 G 2pilod g aaw .0
PLAP, CD117, OCT3/4, Podoplanin (D2-40), AFP, SALL4, SOX17, NANOG, EMA, Glypican-3, p63, SOX2,
CDX2, Pax-8, DMRT1, HCG, Inhibin, Calretinin, SF-1, CD34, CD30, CD99, Mart-1, B-Catenin, DLK1 (FA1),
WT1, Desmin, CEA, Pan-keratin, CK7, CK20, CK5/6, Smooth muscle actin, AE1/AE3, hPL, GATA3, LCA,
CD20, ki67.

GOUHTIY uS1uo G 2(F 39 9 S9,b 089 5 coumo ¢ 5 30) i 319 olws .7
PanCK, CK7, CK19, p63, p40, CK20, CAM5.2, P53, CDX2, LCA, CD117,D0OG1, S100, Ki67, CHROMOGRANIN,
SYNAPTOPHYSIN, CD56, B-Catenin, CEA, CD20, CD5, CD10, CD23, CMV, Adenovirus, EBV, CD34, SMA,
MLH1, MSH2, PMS2, MSH6, MUC1 (EMA), MUC2, MUC5AC, MUC6, AFP, SALL4, SMARCB1, GATA3, Pax-
8, TTF1, CD3, CD19, CD45, MelanA, HMB45, Nestin, Thyroglobulin, PSA, Mammaglobin, Desmin,
Vimentin, RCC, CD30, OCT 3/4, PLAP.

SOUHT Ve i G2 s .Y
Trypsin, Chymotrypsin, Chromogranin, Synaptophysin, CD57, B-Catenin, CD10, PR, CK7, CK20, CEA,
mCEA, B72.3, CA125, CD68, CDX2, Glutl, CD31, CK, EMA, CA19-9, AE1/3, CAM5.2, CD3, CD20, CD19,
CD45, Ki67, S100, MelanA, HMBA45, Nestin, Thyroglobulin, PSA, Desmin, Mammaglobin, SMA, Vimentin,
p40, RCC, CD117, SALL4, AE1 / AE3, CD30, OCT 3/4, PLAP, AFP, Pax-8, GATA3, Hep-Par 1, Arginase 1, p-
CEA, CK19, CD34, Glutamine synthetase, HSP70, Glypican 3, TTF1.
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GOU T Vo i G2 gl 3L A
Trypsin, Chymotrypsin, Chromogranin, Synaptophysin, CD57, B-Catenin, CD10, PR, CK7, CK20, CEA,
mCEA, B72.3, CA125, CD68, CDX2, Glutl, CD31, CK, EMA, CA19-9, AE1/3, CAM5.2, CD3, CD20, CD19,
CD45, Ki67, S100, MelanA, HMB45, Nestin, Thyroglobulin, PSA, Desmin, Mammaglobin, SMA, Vimentin,
p40, RCC, CD117, SALL4, AE1 / AE3, CD30, OCT 3/4, PLAP, AFP, Pax-8, GATA3, Hep-Par 1, Arginase 1, p-
CEA, CK19, CD34, Glutamine synthetase, HSP70, Glypican 3, TTF1.

GOUHT Vo 2510 G oopulboo gy .8
PanCK, P63/P40, TTF1, Napsin A, Calretinin, WT1, CEA, Synaptophysin, CD56, CD31, CD34, MIC2, BCL2,
Actin, Desmin, ALK1, LCA, CD20, CD3, CD30, CD15, CD1a, S100, HMBA45, CD19, CD45, Ki67, MelanA,

Nestin, Thyroglobulin, PSA, Mammaglobin, SMA, Vimentin, CD10, p40, RCC, CD117, SALL4, AE1/AE3,
OCT 3/4, PLAP, AFP, Pax-8, GATA3, CD23, Tdt, CD43, Chromogranin, CD5.

SOUHT Y 510> G 2p g5 gud sl yg0 9. ) ¢
CK, Vimentin, Desmin, GFAP, Neurofilaments, SMA, Caldesmon, myogenin, MyoD1, SOX10, EMA, CD31,
CD34, FLI-1, ERG proteins,CD99, MUC4, CD45, CD30, CD68, CD163, HMB-45, melan-A, tyrosinase, PLAP,
AFP, microphthalmia transcription factor, MDM2/CDK4, Claudin-1, GLUT-1, Pax-8, SMARCB1 (INI1),
CD117, DOG1, Trypsin, TLE1, TEF3, HHV8, WT-1, MDM?2, B-Catenin, CDK4, Bcl-2, P53, PD-L1, CD3,
CD20, CD19, Ki67, S100, p40, Nestin, Thyroglobulin, GATA3, PSA, Mammaglobin, CD10, RCC, SALL4,
AE1/AE3, 340E12, OCT 3/4.

SO NT Vo 2510 G s Jasno wlas! gld yg095.) )
CK, Vimentin, Desmin, GFAP, Neurofilaments, SMA, Caldesmon, myogenin, MyoD1, SOX10, EMA, CD31,
CD34, FLI-1, ERG proteins,CD99, MUC4, CD45, CD30, CD68, CD163, HMB-45, melan-A, tyrosinase, PLAP,
AFP, microphthalmia transcription factor, MDM2/CDK4, Claudin-1, GLUT-1, Pax-8, SMARCB1 (INI1),
CD117, DOG1, Trypsin, TLE1, TEF3, HHV8, WT-1, MDM?2, B-Catenin, CDK4, Bcl-2, P53, PD-L1, CD3,
CD20, CD19, Ki67, S100, p40, Nestin, Thyroglobulin, GATA3, PSA, Mammaglobin, CD10, RCC, SALL4,
AE1/AE3, OCT 3/4.

SO NT Vo 2510 G20yl giiunt g s gld yg0gi. ) Y
Keratins, Vimentin, Desmin, GFAP, Neurofilaments, SMA, Caldesmon, myogenin, MyoD1, S-100 protein,
SOX10, EMA, CD31, CD34, FLI-1, ERG proteins, CD99, MUC4, CD45, CD30, CD68, CD163, HMB-45, melan-
A, tyrosinase, microphthalmia, transcription factor, MDM2/CDK4, Claudin-1, GLUT-1, SMARCB1 (INI1),
CD117, DOG1, Trypsin, TLE1, TEF3, HHV8, WT-1, B-Catenin, , Bcl-2, Ki67, P53, PD-L1.

SOUHT A 510 b salas sl slow VT
HLA1, p62, MAC, CD3, CD20, Dystrophin, Sarcoglycans, Dysferlin, Caveolin-3, Laminin alpha 2 or
merosin, Collagen type VI, Emerin, SERCA1, Myotilin, desmin, Telethonin, Plectin, LAMP2, Actin.

SO AT Ve w5l G253 yo wlast. V¥
GFAP, OLIG2, Synaptophysin, Chromogranin, NeuN, MAP2, IDH1, IDH2, p53, ATRX, TERT, MLH1, MSH2,
PMS2, MSH®6, ki67, BRAF p.V600E, SMARCB1, SMARCA4, EMA, CD34, NFP, SOX10, H3 p.K28 (K27), EZHIP,
TTF1, D2-40 (podoplanin), HuC/HuD, phosphorylated mTOR, LLCAM, Vimentin, p65, potassium channel
Kir7.1, transthyretin (prealbumin), Retinal S antigen, p75 NGFR, SMA, LIN28A, BCOR, CRX, CK18,
PRKAR1A, panCK, CK7, CK20, SSTR2A, BAP1, STAT6, Inhibin, Myogenin, CD99, Desmin, AE1/AE3, CD68,
CD163, NUT protein, NKX2-2, PAX7, ERG, Brachyury, HMB45, CD30, B-HCG, SALL4, OCT3/4, OCT4, 5mc,
KIT, SOX2, SOX9, 34BE12, CK5/6, CK17, CK19, CAMS5.2, GH, PRL, ACTH, FSH, TSH, SF1, PTI1, TPIT, p-
catenin.
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PanCK, P63, P40, TTF1, Napsin A, Calretinin, WT1, CEA, Chromogranin, Synaptophysin, CD56, CD31, CD34,
MIC2, BCL2, Actin, Desmin, ALK1, LCA, CD3, CD30, CD15, CD10, SMMH, Pax-5, CD1a, S100, HMB45, CD20,
CDA45, Ki67, MelanA, Nestin, Thyroglobulin, PSA, Mammaglobin, CK5/6, SMA, Vimentin, RCC, CD117,
SALL4, AE1/AE3, OCT 3/4, PLAP, AFP, Pax-8, GATA3, CD23, tdt, CD43, TTF1, CD5, CD19, CK7, CK20, EMA,
CDX2, SATB2, p14, Arginasel, SMAD4. SOX10 .

SO AT Vo w1 G2yl ks oliwd N 7
Ki67, CK7, CK20, EMA, CEA, B72.3, GCDFP-15, MUC1, MUC5AC, GATA3, Desmin, Smooth muscle actin,
CD34, ER, Vimentin, p16, p63, STAT6, Pax-8, PAX2, CK13, CK17, CK18, p53, p40, CDX2, CD56,
Chromogranin, HIK1083, HPV, MUC6, CD38, CD10, CD146 (Mel-CAM), CD66a (CEACAM1), WT1, p57,
Myogenin, NSE, TTF-1, Napsin A, CK8, CK19, Cyclin D1, CD117,SP1, DOG-1, Actin, Calponin, h-aldesmon,
CAM 5.2, HMB-45, ALK, HCG, PLAP, HpL, Inhibin, CK,E-cadherin, Cyclin E, D2-40, Syn, MLH1, MSH2,
PMS2, MSH6, PTEN, Calretinin, CK5/6, TTF1, Synaptophysin, CD3, CD20, CD19, CD45, Ki67, S100,
MelanA, HMBA45, Nestin, PSA, AFP, CD68, Thyroglobulin, Mammaglobin, SMA, RCC, SALL4, CD30, SATB2,
34BE12, B-hCG, MOC31, Ber-EP4, HNF-1B, DPC4, CA-125, CA 19-9, CD99, CD15 (Leu-M1), alpha-
fetoprotein, GFAP, 5-HT, Melan-A, FOXL2, SF-1, S-100, CD99, CD45, AE1/AE3, OCT 3/4, AR, uroplakin,
thrombomodulin, SMARCA4 (BRG1), SMARCA2 (BRM), SMARCB1 (INI1), FOXL2, SF1, TFE3, B-catenin, B-
catenin.

ST A w51 G 2wy .V Y
CD2, CD3, CD4, CD5, CD7 and CD8, CD20, CD30, ALK-1, GATA3, IA1, Pax-5, CD23, Bcl-6, CD10, Bcl-2,
Cyclin D1 and SOX-11, CD38, CD138, MUM1, Ki67,Tdt, MPO, CD117, Ber-EP4, p63, Melan A, S100,
HMB45, CK7 , Her-2, BRAF V600E (VE1 clone), PD-L1, androgen receptor (AR) and adipophilin, vimentin
, CD34 , smooth muscle actin, muscle specific actin (MSA), CK19,H-caldesmon, SOX10, CD1a, Langerin,
factor XIll, CD68, lysozyme, CD14, Fascin, alphal antitrypsin, alpha 1 antichymotrypsin, CD31, factor
VI, ERG, FLI-1, D2-40, HHV-8, CMV, P16.

GOUHT 18 510> G2yl 4 bu p ool Liso b yg093.) A
CK, CK7, CK20, EMA, GATA3, Pax-8, CEA, CDX2, TTF1, Chromogranin, Synaptophysin, CD3, CD20, CD19,
CD45, Ki67, S100, MelanA, HMBA45, Nestin, Thyroglobulin, Mammaglobin, Desmin, SMA, Vimentin,
CD10, p40, RCC, PSA, CD117, SALL4, AE1/AE3, CD30, OCT 3/4, PLAP, AFP, SATB2, p63, p14, Arginasel,
340E12, SMADA4.

SOLHT 1 p510 G2 ... g G9lald 0ué <0 j9f (Jlxbr ¢ wgoud Jolb (5glad slcdl wilals . ) ¢
CD5, CD79a, CD20, CD23, CD19, CD200, LEF1, CD43, IgM/IgD, CD38, ZAP70, CD49d, MUM1, CyclinD1,
CD10, Bcl2, BCL6, SOX11, CD138, Ki67, CD22,, TdT, EMA, CD34,CD117, HMB45, TIA1, MYC, CD30, CD15,
CDA45, Fascin, Pax-5, EBV, LMP1, BOB.1, CD2, CD3, CD5, CD7, CD4, CD8, CD56, Granzyme B, MPO, CD123,
Glycophorin A, CD61, CD68, CD99/MIC2, Annexin, DBA44, Kappa, Lambda, EBER, CD21, CD35, CXCL13,
FDC-secreted protein, serglycin, PDL1, CD1a, langerin, lysozyme, myeloperoxidase, CK, CK7, CK20,
GATA3, Pax-8, CEA, CDX2, TTF1, Chromogranin, Synaptophysin, S100, MelanA, Nestin, Thyroglobulin,
PSA, Mammaglobin, Desmin, SMA, Vimentin, CD10, p40, RCC, SALL4, AE1/AE3, OCT 3/4, PLAP, AFP.
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ST 10 25105 G 1Sl Olaslo . ¥+
CK, CK7, CK20, EMA, GATA3, Pax-8, CEA, CDX2, TTF1, Chromogranin, Synaptophysin, CD3, CD19, CD45,
Ki67, S100, MelanA, HMBA45, Nestin, Thyroglobulin, PSA, Mammaglobin, Desmin, SMA, Vimentin, CD10,
p40, RCC, CD117, SALL4, AE1/AE3, CD30, OCT 3/4, PLAP, AFP, SATB2, p63, p14, Arginasel, SMAD4, CK19,
Heparl.

ST A ST10> 6 S 3 9 5o 5 o ¥
ER, PR, HER2, Ki67, MSH2, MSH6, PMS2, MLH1, IDH1, IDH2, ATRX, E-cadherin
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GENE Main NM Rizih ICD10 N meibar
er of Exons inheritance
Argininosuccinic AsL NM_000048.4 17 £72.22 AR
Aciduria -
Citrullinemia Ass1 NM_000050.4 16 £72.23 AR
> Type 1
g. Maple Syrup DBT NM_001918.5 11
3 on D.V BCKDHB NM_183050.4 10 E71.0 AR
Z rine Disease BCKDHA NM_000709.4 9
o CBS
o VITHER NM_000071.3 17
= 8 MTR NM_005957.5 1
o §- Homocystinuria MTRR NM_000254.3 33 E72.11 AR
5 a MIMAD NM_002454.3 15
= NM_015702.3 8
HC
Phenylketonuria PAH NM_000277.3 13 £70.0 AR
Classic -
Tyrosinemia FAH NM_000137.4 14 £70.21 AR
Type 1
® Primary
(2R i i
)& & Carn!t!ne Deficiency / SLC22A NM_003060.4 10 £71.41 AR,
9 < Carnitine Transporter 5 AD
- § Defect
- . .
S Medium Chain ACADM NM_000016.6 12 E71.311 AR
Acyl-CoA
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Dehydrogenase
Deficiency
Very Long Chain
Acyl-CoA ACADVL NM_000018.4 20 E71.310 AR
Dehydrogenase
Deficiency
Long Chain 3-
Hydroxyacyl-CoA HADHA NM_000182.5 20 £71.318 AR
Dehydrogenase
Deficiency
Trlfunlctlon‘c.ﬂ . HADHA NM_000182.5 20 £71.318 AR
Protein Deficiency HADHB NM_000183.3 16
Propionic PCCA NM_000282.4 24
Acidemia PCCB NM_000532.5 15 E71.121 AR
MMUT
Methylmalonic MMAA NM_000255.4 13
Acidemia: MMAB NM_172250.3 7
) NM_052845.4 9 E71.120 AR
methylmalonyl-CoA MMAD NM 015702.3 3
mutase HC ~ '
MICEE NM_032601.4 3
CMMACH NM_015702.3 8
| oo
3 Methylmalonic LMBRD1 NM_000254'3 3
7 . . . _ .
s Af:ldemla. Cobalamin ZIIJCRM NM_005050.4 19 E71.120 AR
S | Disorders Herer NM_005334.3 26
2 THAPLL NM_020457.3 1
FU.' INF143 NM_003442.6 16
o "
Isovaleri
% SO. ale .C IVD NM_002225.5 12 E71.110 AR
2 Acidemia
3-
MCCC1 NM_020166.5 19
MethylcrotonyI-FZ?A MeCes NM_022132.5 17 E71.1 AR
Carboxylase Deficiency
3-Hydroxy-3-
Methylglutaric HMGCL NM_000191.3 9 E71.1 AR
Aciduria
Holocarboxylase HLCS NM_000411.8 12 ES3.8 AR
Synthase Deficiency
-Ketothiol
B ?t.Ot olase ACAT1 NM_000019.4 12 E71.19 AR
Deficiency
Gllfltarlc. GCDH NM_000159.4 12 E72.3 AR
Acidemia Type 1
Argininemia ARG1 NM_000045.4 8 £72.21 AR
Citrullinemia SLC25A NM_014251.3 18 £72.23 AR
Type 2 13
MAT1A NM_000429.3 9
Hypermethionin MAT2A NM_005911.6 9
5 emia AHCY NM_000687.4 10 E72.11 AR
= 5 ADK NM_001123.4 11
S ; Benign
;.'3' s Hyperphenylalaninemi | PAH NM_000277.3 Y E70.1 AR
A RE
o § GCH1 NM_000161.3 6
0 2 Biopterin PTS NM_000317.3 6
a Biosynthesis Defect (2 QDPR NM_000320.3 7 E70.1 AR
conditions) PCBD1 NM_000281.4 4
SPR NM_003124.5 3
Biopterin
Regeneration Defect (2 E70.1 AR
conditions)
Non—Ketotllc . GLDC NM_000170.3 25 £72.51 AR
Hyperglycinemia AMT NM_000481.4 9
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GCSH NM_004483.5 5
Ornithine
Transcarbamylase oTC NM_000531.6 10 E72.4 XL
Deficiency
Carbamoyl
Phosphate Synthetase | CPS1 NM_001875.5 38 E72.29 AR
1 Deficiency
HHH Syndrome i;CZSA NM_014252.4 7 E72.4 AR
Tyrosinemia FAH Em—gggig;': 14
Types 2,3 (2 TAT - : 12 E70.21 AR
NM_0011719
conditions) HPD 93.1 16
Glycine N-
methyltransferase GNMT NM_018960.6 6 E72.19 AR
(GNMR) deficiency
Adenosylhomoc
ysteine hydrolase AHCY NM_000687.4 10 E72.11 AR
deficiency
Pyruvate NM_0010407
carboxylase PC 162 23 E74.4 AR
deficiency
Short Chain Acyl-
CoA Dehydrogenase ACADS NM_000017.4 10 E71.312 AR
Deficiency
Medium/Short
Chain Acyl-CoA ACADM NM_000016.6 12 E71.311 AR
o Dehydrogenase
5 Deficiency
2 | Gluratic ETFDH NM_004453.4 13
& Acidemia Type 2 ETFA ETEB NM_000126.4 12 E71.313 AR
) NM_001985.3 6
§ Medium Chain
g‘- ketoacyl-CoA Thiolase unknown - - E71.318 AR
; Deficiency
g | 2,4-Dienoyl-CoA DECR1 NM_001359.2 10
=3 L. NM_0010854 G31.8 AR
3 Reductase Deficiency NADK2 113 12
e Carnitine
Palmitoyltransferase 1 CPT1A NM_001876.4 19 E71.314 AR
Deficiency
Carnitine
Palmitoyltransferase 2 CPT2 NM_000098.3 5 E71.314 AR
Deficiency
& E ° SLC25A 50 | NM_000387.6 9 £71.314 AR
D ~+ 5
Methylmalonic MMACH ¢ NM_015506.3 4 £71.120 AR
acidemia, cblC form PRDX1 NM_002574.3 6 :
Methylmalonic MMAD
.,% acidemia, cbID form HC NM_015702.3 8 E71.120 AR
§’ M:jl|0m(? MLYCD NM_012213.3 5 E71.120 AR
b Acidemia -
S | lsobutyrylglycinu ACADS NM_014384.3 1 £71.19 AR
g ria
s |2
@ Methylbutyrylglycinuri | ACADSB NM_001609.4 11 E71.19 AR
a
CPS1 NM_001875.5 38
3-Methylglutaconic GFER NM_005262.3 3
ATPAF2 NM_145691.4 8 E71.19 AR
Aciduria ATPSF1 NM_006886.4 3
E | NM_018238.4 16
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AGK NM_001698.3 10
AUH NM_000116.5 11
TAZ | NM_025136.4 2
OPA3 | NM_145261.4 6
DNAJC19 | NM_032861.4 17
SERAC1 | NM_030813.6 17
CLPB | NM_013247.5 8
HTRA2 | NM_0010015 11
TIMM50 | 63.5 9
HMGCL NM_000191.3 23
POLG NM_002693.3 11
SUCLA2 NM_003850.3 3
TMEM7 NM_017866.6
0
2-Methyl-3-
. HSD17B
hydroxybutyric 10 NM_000017.4 10 E71.312 XD
Aciduria
Ethylmalonic
ETHE1 NM_000016.6 12 E71.311 AR
Encephalopathy
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Detailed history, examination
and investigations provide
support to environmental insults

! ! !

| Prenatal onset | Paranatal onset | Postnatal onset

MRI Brain

Trisomy 21, 18
Deletions-4p-, 5p-
Mosaic Trisomy 9..
Others- ring, marker
chromosomes,
unbalanced translocations
X chromosomal
Male-XXXY
Female-XXXX
Microdeletions
Angelman syndrome
Williams syndrome
Prader Willi syndrome
22q11 deletion syndrome
Smith Magenis syndrome

Fragile X Syndrome

Smith Lemli Opitz syndrome
Coffin Lowry syndrome

Rett syndrome

Tuberous sclerosis

NF1

phenylketonuria,
homocystinuria, Maple
syrum urine disease

MPS, NCL

Lysosomal storage disorders-

of Insult of Insult of Insult CNS MALFORMATIONS
Always Prenatal [some
l l l genetic & some
environmental or mixed]
PRENATAL PARANATAL POSTNATAL
Gestational Infections: meningitis, Severe Psycho-social Vas
disorders- herpes encephalitis deprivation
Toxaemia Delivery complications Infection — meningitis
Diabetes Asphyxia Others- CNS damage
Teratogenic placental bleeding Toxic agents — lead Neuronal migration H/o familial nature of
:Igenrt's— Tor:';lr\.‘lrnaN Trauma and organization disease/ dysmorphism /
cohol er Neonatal Tumours Disorders — metabolic derangement
Phenytoin complications Hypoxia Lissencephaly
Infections — I':'lypoggy‘ca:mia . Polymicrogyria
Toxoplasma yperbilirubinemia & 7 =
CM\/p Cerebral haemorrhage zmgfseor::;"::c'z‘;;?‘z" GENETIC
Rubella Aspiration Microcephaly Inherutsd; onset of
Others % the disorder can be
Closing defect —
spina bifida, prirs\iant:iaclw
Encephalocele P .
Anterior midline-
Holoprosencephaly
[ ! ! !
Significant dysmorphism, Familial nature with Metabolic ) Familial, no CNS malformations,
microcephaly, multiple Mendelian inheritance & derangement in no metabolic derangement, no
congenital anomalies, specific phenotypic TMS or GCMS dysmorphism or environmental
short stature features insults
Chromosomal Monogenic Syndromic IEMs- Monogenic non
Autosomal Disorders- Amino acid disorders like syndromic Disorders-

Many XLIDs and
Autosomal dominant
or recessive |Ds
[Detail list in OMIM]
Others

Polygenic or
Multifactorial ?
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Acquired/Environmental Genetic Causes
(20%) (80%)
+ I +
Syndromic Nonsyndromic
(30%) (70%)
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Recessive Dominant Mitochondrial, miRNA
(80%) (19%) & X-linked (<1%)
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Severity Hearing Threshold in dB

Slight 12-25 dB

Mild 26-40 dB

Moderate 41-60 dB

Moderately severe 61-70 dB

Severe 71-90 dB
Profound >90 dB
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Gene Distinctive Features
BDP1 HL can be progressive & postlingual.
CDH23 Assoc w/phenotypic spectrum incl AR nonsyndromic HL & AR syndromic HL (See Usher syndrome type I.)
EPS8L2 HL can be progressive & postlingual.
Most common cause of severe-to-profound AR nonsyndromic HL in Asian & White populations. In
GJB2 contrast, biallelic G/B2 pathogenic variants essentially do not contribute to genetic HL in sub-Saharan African
populations. !Assoc w/phenotypic spectrum incl AR (GJB2-DFNB) 2 & AD (GJB2DFNA) 2 nonsyndromic HL
LOXHD1 HL can be progressive & postlingual.
HL can be progressive & postlingual.
MYO7A Assoc w/phenotypic spectrum incl AR & AD nonsyndromic HL & AR syndromic HL (See Usher syndrome
type I.)
PCDH15 Assoc w/phenotypic spectrum incl AR nonsyndromic HL & AR syndromic HL (See Usher syndrome type I.)
HL can be pre- or postlingual, asymmetric, & progressive.
Assoc w/phenotypic spectrum incl AR nonsyndromic HL (nonsyndromic enlarged vestibular aqueduct
SLC26A4 [NSEVA]) & AR syndromic HL (Pendred syndrome [PDS]). When PDS/NSEVA are considered part of the same
disease spectrum, prevalence rates are very high, as pathogenic variants in SLC26A4 are the 3rd most frequent
cause of HL (see Pendred Syndrome / Nonsyndromic Enlarged Vestibular Aqueduct).
Biallelic STRC pathogenic variants are the most common cause of mild-to-moderate AR HL, and the 2nd
STRC most common cause of AR HL overall. 3
Biallelic contiguous gene deletions at chromosome 15q15.3 that include STRC & CATSPER2 are assoc
w/deafness-infertility syndrome (see CATSPER-Related Male Infertility).
TECTA
Assoc w/phenotypic spectrum incl AR & AD nonsyndromic HL
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Gene Distinctive Features
TMPRSS3 HL can be progressive & postlingual.
USHI1C Assoc w/phenotypic spectrum incl AR nonsyndromic HL & AR syndromic HL (See Usher syndrome type 1.)

Assoc w/phenotypic spectrum incl AR nonsyndromic HL & AR syndromic HL (See Usher syndrome type

WHRN i)
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Gene Distinctive Features
COL11A2
HL is low frequency or mid-frequency.
DIAPH1
GJB2 HL is prelingual.
Assoc w/phenotypic spectrum incl AR (GJB2-DFNB) ! & AD (GJB2-DFNA) ! nonsyndromic HL
MYO7A Assoc w/phenotypic spectrum incl AD & AR nonsyndromic HL & AR syndromic HL (See Usher syndrome
type I.)
TECTA HL is prelingual. . . .
Assoc w/phenotypic spectrum incl AR & AD nonsyndromic HL
T™MC1 Assoc w/phenotypic spectrum incl AR & AD nonsyndromic HL
WFS1 HL is low frequency or mid-frequency.
2 glio X &) Ay (509 )i o (g ' U lad yo SO
Gene Distinctive Feature

Assoc w/phenotypic spectrum incl XL nonsyndromic auditory neuropathy & XL syndromic auditory
AIFM1 neuropathy w/other assoc neuropathies such as ataxia & Cowchock syndrome (X-linked recessive Charcot-Marie-

Tooth disease type 4)

Assoc w/mixed conductive-sensorineural HL. Conductive hearing loss in this disorder is caused by stapedial

POU3F4 fixation (see Agents/Circumstances to Avoid).

Assoc w/phenotypic spectrum incl XL nonsyndromic HL (PRPS1-DFNX) * & XL syndromic HL
(phosphoribosylpyrophosphate synthetase (PRS) superactivity & PRS deficiency)

30 3T g0 (09 s guf (g S b B yo S
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Hearing Loss
Gene(s) Syndrome Comment
Type Onset Severity
Cranial nerve VIII dysfunction/anomaly: SNHL &/or
vestibular dysfunction
CHD?7 disord Cond Variabl Cochlear implantation may be difficult or impossible
CHD7 er (incl CHARGE uctive, e Variable due to altered cochleovestibular anomalies.
syndrome) SNHL Other cranial neuropathies may also be present.
Ear malformations such as ossicular malformations
assoc w/complex mixed HL
40% have some degree of sensorineural hearing
impairment (typically high tone, often subtle).

COL2AT AD Stickler C°!‘d Variabl . Conductive HL can be seen & may be secondary to

COL11A1 uctive, Variable . .

COL11A2 syndrome SNHL e recurrent ear infections that are often assoc vy/cleft palate
&/or may be secondary to a defect of the ossicles of the
middle ear.

Most common type of AD syndromic HL

EDN3 ' ; . .

Hearing loss, pigmentary anomalies (white forelock), &

EDNRB : : .

Waardenburg dystopium canthorum (widely spaced medial canthus) are

KITLG -

syndrome (WS) SNH Conge . most commonly seen clinical features.

MITF ; Variable . "

(See Waardenburg | L nital Various temporal bone abnormalities have been

PAX3 : o

SNA/2 Syndrome Type I.) identified in persons w/WS1 & HL.

WS2, WS3, & WS4 can be inherited in an AD or AR

SOX10
manner.

Cond 2nd most common type of AD syndromic HL

EYAT1 Branchiootor uctive Variabl Kidney abnormalities

SIX1 enal spectrum SNHL, e Variable Branchial anomalies (branchial cleft tags, pits, cysts)

SIX5 disorder (BOR) mixed’ Malformations of outer, middle, & inner ear (e.g.,
preauricular pits)

Gengrall Bilateral vestibular schwannomas w/assoc symptoms of
) Avera y unilateral & . . -
Neurofibroma SNH ) - tinnitus, HL, & balance dysfunction
NF2 - ge: age 18- igradual; can - .
tosis 2 L . Vestibular schwannomas are a rare, potentially
24 yrs be bilateral &
treatable type of HL.
sudden
X & ddlg o0y g o5 @0 Sl
Hearing Loss
Gene(s) Syndrome Comment
Type Onset Severity
COL4A5 Alport SNHL Typically Varying s_everity,

syndrome 1 after age 10 yrs | progressive

Nonsyndromic HL

mimic: HL is always
Deafness- presenting manifestation.
dystonia-optic Slowly progressive dystonia

TIMMSA neuronopathy SNHL Equy Progres;we, pre- or ataxia developg in teens,

syndrome (Mohr- childhood or postlingual & slowly progressive
Tranebjaerg decreased visual acuity from
syndrome) optic atrophy develops at

age ~20 yrs. Dementia

develops at age ~40 yrs.
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Hearing Loss
Gene(s) Syndrome Comment
Type Onset Severity
Usher syndrome overall is the most common
type of AR syndromic HL.
ﬁgﬁZRX1 Usher Conge . Nonsyndromic HL mimic: HL is congenital; RP
syndrome (USH) {SNHL . Mild to severe AN hood
WHRN type |l nital begins in Iatfe adolesqence or early adulthood.
Intact or variable vestibular responses
WHRN is also assoc w/AR nonsyndromic HL.
Variable;
some degree of HL | If not recognized & corrected by daily addition of
BTD Biotinidase SNHL Variabl is present in 275% of | biotin to diet, affected persons develop neurologic
deficiency e children who features (e.g., seizures, hypotonia, DD, ataxia, vision
become findings, HL, & cutaneous abnormalities.
symptomatic.
Usher syndrome overall is the most common
type of AR syndromic HL; USH1 is the most common
type of Usher syndrome.
Nonsyndromic HL mimic: HL is congenital; RP
begins in late adolescence or early adulthood.
CDH23 Unless fitted w/cochlear implant, affected
MYO7A Usher Conge Severe to persons do not typically develop speech.
PCDH15 syndrome (USH) | SNHL nitalg profound Severe vestibular dysfunction or vestibular
USH1C type | areflexia. Imbalance is assoc w/HL & is defining feature
USH1G of USH1. Children typically walk later than usual, at
age ~18 mos-2 yrs.
CDH23, PCDH15, & USH1C are also assoc
W/AR nonsyndromic HL.
MYQT7A is also assoc w/AD & AR nonsyndromic
HL.
lsJys::rZ)me type llI Conge Variable Usher syndrome overall is the most common
CLRN1 §OMIM ps276900 | SNHL nital g::‘):r';zsel‘\’/ erity. type of AR syndromic HL.
40% have some degree of sensorineural hearing
impairment (typically high tone, often subtle).
ggtgﬁ; AR Stickler S&?vi Variabl Variable Conductive hearing loss can be seen & may be
COL9A3 syndrome SNHL’ e secondary to recurrent ear infections that are often
assoc w/cleft palate &/or may be secondary to a defect
of the ossicles of the middle ear.
3rd most common type of AR syndromic HL
KCNET Jervell & c g:_ & g:ardiac c?nt.duc?ion amgwl;es .
; onge assic presentation is a child who experiences
KCNQ1 Is_aggreo-mflsen SNHL nital Profound syncopal episodes during periods of stress, exercise,
Y or fright. 50% of affected persons had cardiac events
before age 3 yrs.
PEX1
PEX2
PEX3
PEX5
PEX6 . ) . ) .
PEX10 Zellweger _ ZSI_Z) is due to peroxisome dlsorder_ & incl hearing
PEX11B spect SNHL Variabl Variabl & vision loss, hypotonia, & other clinical features.
pectrum ariable ) ) )
PEX12 disorder (ZSD) e M!Ider ZS[? may first come to attention due to
PEX13 failed hearing screening.
PEX14
PEX16
PEX19
PEX26
RP, anosmia, neuropathy, ataxia, & HL
Auditory nerve involvement (auditory
PEX7 Adult SNHL Variabl Severe, neuropathy) may be evident on testing of auditory brain
PHYH Refsum disease e progressive stem evoked responses. Persons w/auditory nerve
involvement may experience hearing difficulty even in
presence of normal audiogram.
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Hearing Loss

Gene(s) Syndrome Comment
Type Onset Severity

2nd most common type of AR syndromic HL
HL, vestibular dysfunction, & thyroid goiter
HL may fluctuate but often progresses.

Conge Usually (but Vestibular dysfunction should be suspected in
SLC26A Pendred SNHL nital or not inv);riably) infants w/delayed walking.
41 syndrome (PDS) childhood severe to profound Temporal bones are abnormal radiologically in
onset all persons w/PDS & most commonly incl incomplete

partition type Il anomaly & enlarged vestibular
aqueduct.
SLC26A4 is also assoc w/AR nonsyndromic HL.
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