
ǣǥǭǥǳǩǪǧ ǤǩǡǣǭǸǲǧ ǰǱǸǳǯǰǡǨǸǭ 

ǡǭǯǲǯǡǭǥǰǡǱǪǥǩǸǭ ðǤǴǭǡǳǯǳǧǳǡ 

ǭǥǯǣǭǩǪǯǴ ǡǭǩǶǭǥǴǳǩǪǯǴ ǥǫǥǣǶǯǴ

ǪȊȄȎȏǻȓȐȀ ǲȏȀȌȎȜ
ǳȋ.ǡȌȎȒȎȊȎȂǾȀȑ& ǩȒȓȎȒȔȋȁȀȓțȓȆȓȀȑ
ǭȎȒ.ǰȀǾȃȘȌçȆ ǡȂǾȀ ǲȎȕǾȀè



ǡǭǯǲǩǡǪǯ 

ǲǴǲǳǧǬǡ

ǡǭǯǲǩǡǪǯ 

ǲǴǲǳǧǬǡ ǡǬǴǭǡ

ǲǯǢǡǱǥǲ Ǫǡǩ ǲǴǶǭǡ 

ǨǡǭǡǳǧǵǯǱǥǲ 

ǤǩǡǳǡǱǡǶǥǲ

ǥǰǩǢǩǸǲǧ

ǡǭǯǲǯǡǭǥǰǡǱǪǥǩǥǲ



ǡǭǯǲǯǡǭǥǰǡǱǪǥǩǥǲ

ǥǪ ǣǥǭǥǳǧǲ  Ǜ ǰǱǸǳǯǰǡǨǥǩǲ 

ǡǭǯǲǯǡǭǥǰǡǱǪǥǩǥǲ (ǰǡǡ)

PRIMARY IMMUNODEFICINCIES (PIDs)

ǥǰǩǪǳǧǳǥǲǛ ǤǥǴǳǥǱǯǰǡǨǥǩǲ 

ǡǭǯǲǯǡǭǥǰǡǱǪǥǩǥǲ

ÅȀȔȍȆȋǼȌȆ ȄȔȏǻȇȄȈȀ ȒȄ 

ȊȎȈȋȝȍȄȈȑ

ÅȀȔȓȎǻȌȎȒȄȑȉȀȈ 

ÅȉȀȐȉȈȌȈȉǼȑ ȄȉȃȆȊȝȒȄȈȑ

ǣȄȌȄȓȈȉǼȑ ȁȊǻȁȄȑ

ǰȐȝȈȋȆ ȏȀȈȃȈȉǽ ȆȊȈȉǾȀ

ÅȔȏȎȇȐȄȗǾȀ

ÅȋȄȓȀȒȓȀȓȈȉțȑ 

ȉȀȐȉǾȌȎȑ

ÅȀȌȎȒȎȉȀȓȀȒȓȀȊȓȈȉǻ

ȕǻȐȋȀȉȀ

ÅȊȎȈȋȝȍȄȈȑ (ȄȈȃȈȉǻ HIV)



ǰǱǸǳǯǰǡǨǥǩǲ ǡǭǯǲǯǡǭǥǰǡǱǪǥǩǥǲ

(ǰǡǡ)

ǪȊȈȌȈȉǻ ȒȔȋȏȓȝȋȀȓȀ

ÅǥȔȏǻȇȄȈȀ ȒȄ 

ȊȎȈȋȝȍȄȈȑ

ÅǡȊȊȄȐȂǾȀ

ÅǡȔȓȎȀȌȎȒǾȀ

ÅǡȔȓȎȕȊȄȂȋȎȌȝȃȆ

ȌȎȒǽȋȀȓȀ

ÅǫȄȋȕȎȚȏȄȐȏȊȀȒǾȀ

ÅǪȀȐȉǾȌȎȑ

Marodi & Notarangelo 2007

ǤȔȒȃȈǻȉȐȈȓȀ , ȄȏȈȉȀȊȜȏȓȎȌȓȀȈ ȉȀȈ ȏȎȈȉǾȊȎȔȌ

ǥǰǩǳǡǪǳǩǪǧ ǡǭǡǣǪǧ ǤǩǡǣǭǸǲǧǲ



ǡȒȇȄȌȄǾȑ ȋȄ ȀȌȄȏǻȐȉȄȈȀ ȓȆȑ 

ǶȔȋȈȉǽȑȀȌȎȒǾȀȑ:

ǡȌȎȒȎȒȕȀȈȐǾȌȄȑ

ǰȀȐǻȂȎȌȓȄȑ ȒȔȋȏȊȆȐȝȋȀȓȎȑ

ǵȀȂȎȉȜȓȓȀȐȀ

ǥȏȀȌȀȊȀȋȁȀȌțȋȄȌȄȑ ȊȎȈȋȝȍȄȈȑ Ȁȏț

ǢȀȉȓǽȐȈȀȋȄ ȉǻȗȀ

× ȀȈȋțȕȈȊȎȑȓȆ ȂȐǾȏȏȆȑ

× ȒȓȐȄȏȓțȉȎȉȉȎȑ

× ȒȓȀȕȔȊțȉȎȉȉȎȑ

× ȋȆȌȈȂȂȈȓȈȃțȉȎȉȉȎȑ

ǡȒȇȄȌȄǾȑ ȋȄ ȀȌȄȏǻȐȉȄȈȀ ȓȆȑ

ȉȔȓȓȀȐȈȉǽȑ ȀȌȎȒǾȀȑ

ǥȔȉȀȈȐȈȀȉǼȑ ȊȎȈȋȝȍȄȈȑ Ȁȏț

× ǬȜȉȆȓȄȑ
× ǩțȑ ȀȌȄȋȄȔȊȎȂȈǻȑ

ǫǯǩǬǸǮǥǩǲ ǲǳǩǲ 

ǰǡǡ

ǰȐȝȈȋȆ ȃȈǻȂȌȘȒȆ= ȏȎȊȜ ȒȆȋȀȌȓȈȉǽ ȂȈȀ ȓȆȌ ȏȐțȂȌȘȒȆ ȉȀȈ ȓȆ ȂȄȌȄȓȈȉǽ ȉȀȇȎȃǽȂȆȒȆ ȓȆȑ ȎȈȉȎȂǼȌȄȈȀȑ



ǰǡǡ: ȒȖȄȓȈȉǻ ȒȏǻȌȈȄȑ 

ǧ ȒȔȖȌțȓȆȓǻ ȓȎȔȑ ȏȎȈȉǾȊȄȈ ȋȄȓȀȍȜ 1: 300 (ȂȈȀ ȓȆȌ IgA ȀȌȄȏǻȐȉȄȈȀ)

ȉȀȈ  1: 200000 (ȂȈȀ ȓȆȌ ǶǪǭ) ȉȀȈ ȒȄ ȋȄȐȈȉǼȑ ȏȄȐȈȏȓȝȒȄȈȑ ȔȏǻȐȖȎȔȌ 

ȋțȌȎ ȋȄȐȈȉȎǾ ȀȒȇȄȌȄǾȑ ȒȓȎȌ ȉțȒȋȎ.

ǰȀȈȃȈȉǽ ȆȊȈȉǾȀ                                            2ȆȉȀȈ 3ȆȃȄȉȀȄȓǾȀ 

(CVID)

ǨǥǱǡǰǥǩǡ ǰǡǡ

VǬȄȓȀȋțȒȖȄȔȒȆ ȀȐȖǼȂȎȌȘȌ ȀȈȋȎȏȎȈȆȓȈȉȝȌ ȉȔȓȓǻȐȘȌ (HSCT)

VǨȄȐȀȏȄǾȀ ȔȏȎȉȀȓǻȒȓȀȒȆȑ ȋȄ Ȃ-ȒȕȀȈȐǾȌȆ

VǡȌȓȈȋȈȉȐȎȁȈȀȉǽȇȄȐȀȏȄǾȀ ȂȈȀ ȓȈȑ ȊȎȈȋȝȍȄȈȑ

VǣȎȌȈȃȈȀȉǽ ȇȄȐȀȏȄǾȀ

ǨǥǱǡǰǥǩǡ ǰǡǡ



ǰǡǡ         ȏȎȊȔȏȊȎȉțȓȆȓȀ ȂȄȌȄȓȈȉȝȌ, ȀȌȎȒȎȊȎȂȈȉȝȌ ȉȀȈ ȉȊȈȌȈȉȝȌ

ȖȀȐȀȉȓȆȐȈȒȓȈȉȝȌ          ȋȄȂǻȊȆ ȕȀȈȌȎȓȔȏȈȉǽȏȎȈȉȈȊȎȋȎȐȕǾȀ 

I U I S (International Union Of Immunological Societies)

ǵȀȈȌȎȓȔȏȈȉǽǳȀȍȈȌțȋȆȒȆ ȓȘȌ ǰǡǡ

ǪȎȈȌȎǾ ȏȀȇȎȂȄȌȄȓȈȉȎǾȋȆȖȀȌȈȒȋȎǾ ȉȀȈ/ǽ ȉȊȈȌȈȉǼȑ ȄȉȃȆȊȝȒȄȈȑ

9 ǯǬǡǤǥǲ

ǡȊȂțȐȈȇȋȎȑ

ǭȎȒǽȋȀȓȀ (ȉțȉȉȈȌȎ)

ǣȎȌǾȃȈȀ (ǼȌȓȎȌȎ) 

ǲȔȖȌț->ȒȏǻȌȈȎ                                                                      

2013 ǼȘȑ ȒǽȋȄȐȀ: 70 ȌǼȄȑ ǰǡǡ



ǩ.ǡǭǯǲǯǡǭǥǰǡǱǪǥǩǥǲ ǪǴǳǳǡǱǩǪǧǲ Ǫǡǩ ǶǴǬǩǪǧǲ ǡǭǯǲǩǡǲ



ǩǩ. ǲǴǭǤǴǡǲǬǥǭǥǲ ǡǭǯǲǯǡǭǥǰǡǱǪǥǩǥǲ Ǭǥ ǲǴǭǤǱǯǬǡ



ǩǩǩ. ǪǴǱǩǸǲ ǡǭǳǩǲǸǬǡǳǩǪǥǲ ǡǭǥǰǡǱǪǥǩǥǲ

(ǥȏȀȌȀȊȀȋȁȀȌțȋȄȌȄȑ ȁȀȉȓȆȐȈȀȉǼȑȊȎȈȋȝȍȄȈȑ, ȏȖ.ȘȓǾȓȈȃȀ,ȃȄȐȋȀȓǾȓȈȃȀ, ȃȈǻȐȐȎȈȀ,ȒǽȗȆ)



IV. ǤǩǡǳǡǱǡǶǥǲ ǳǧǲ ǡǭǯǲǯǱǱǴǨǬǩǲǧǲ



V. ǲǴǣǣǥǭǥǩǲ ǤǩǡǳǡǱǡǶǥǲ ǳǯǴ ǡǱǩǨǬǯǴ ǧ/Ǫǡǩ ǳǧǲ ǫǥǩǳǯǴǱǣǩǡǲ ǳǸǭ ǵǡǣǯǪǴǳǳǡǱǸǭ



VI. ǤǩǡǳǡǱǡǶǥǲ ǳǧǲ ǵǴǲǩǪǧǲ ǡǭǯǲǩǡǲ



VII. ǡǴǳǯǵǫǥǣǬǯǭǸǤǧ ǭǯǲǧǬǡǳǡ



VIII. ǡǭǥǰǡǱǪǥǩǥǲ ǰǡǱǡǣǯǭǳǸǭ ǳǯǴ ǲǴǬǰǫǧǱǸǬǡǳǯǲ



IX. ǵǡǩǭǯǳǴǰǩǪǥǲ  çǰǡǱǡǫǫǡǣǥǲè  ǰǡǡ 



ǵȀȈȌȎȓȔȏȈȉǽȓȀȍȈȌțȋȆȒȆ ȓȘȌ ǰǡǡ  

(EC ðIUIS)

V ǤȈȄȔȉțȊȔȌȒȆ ȓȆȑ ȉȊȈȌȈȉǽȑ ǼȐȄȔȌȀȑ

V ǰȐȎȝȇȆȒȆ ȓȆȑ ȉȀȊȜȓȄȐȆȑ ȃȔȌȀȓǽȑ ȇȄȐȀȏȄǾȀȑ

V ǤȈȄȔȉțȊȔȌȒȆ ȒȔȂȉȐȈȓȈȉȝȌ ȋȄȊȄȓȝȌ ȀȌǻ ȓȎȌ ȉțȒȋȎ

V ǥȌȆȋǼȐȘȒȆ ȄȓȆȒǾȘȑ ȒȄ ȌǼȀ ȂȎȌǾȃȈȀ 

V ǤȈȄȔȉțȊȔȌȒȆ ȓȘȌ ȉȊȈȌȈȉȝȌ ȒȓȆ ȃȈȀȕȎȐȈȉǽ ȃȈǻȂȌȘȒȆ

V ǰȐȎȝȇȆȒȆ ȓȆȑ ȒȔȌȄȐȂȀȒǾȀȑ ȋȄ ȄȇȌȈȉǻ ȉȀȈ ȃȈȄȇȌǽ ȉǼȌȓȐȀ

× ǯ ȀȐȈȇȋțȑ ȓȘȌ ǰǡǡ ȀȔȍǽȇȆȉȄ ȀȉțȋȀ ȏȄȐȈȒȒțȓȄȐȎ ȉȀȈ Ȇ ȋȄȊǼȓȆ ȓȎȔȑ 

ȁȄȊȓȈȝȇȆȉȄ ȄȈȃȈȉǻ ȋȄȓǻ ȓȆȌ ȄȈȒȀȂȘȂǽ ȓȎȔ NGS (next generation 

sequencing) .



ǣǥǭǥǳǩǪǧ ǳǸǭ ǰǡǡ

>240 ȃȈȀȕȎȐȄȓȈȉǻ ȂȎȌǾȃȈȀ                 >200 ǰǡǡ    

ǼȉȕȐȀȒȆ ȉȀȈ ȊȄȈȓȎȔȐȂǾȀ

(ȉȔȓȓȀȐȎȉǾȌȄȑ+ ȔȏȎȃȎȖȄǾȑ, ȋȄȓȀȂȐȀȕȈȉȎǾ ȏȀȐǻȂȎȌȓȄȑ, ȐȔȇȋȈȒȓǼȑ ȓȎȔ ȉȔȓ.ȉȜȉȊȎȔ, 
DNA ȓȐȎȏȎȏȎȈȆȓȈȉǻ ǼȌȅȔȋȀ, ȋȄȓȀȕȎȐȈȉǼȑ ȏȐȘȓȄșȌȄȑ)

ȏȎȔ ȄȋȏȊǼȉȎȌȓȀȈ ȒȄ  

× ȀȌȎȒȈȀȉǽȀȌǻȏȓȔȍȆ

× ȊȄȈȓȎȔȐȂǾȄȑ ȓȘȌ ȃȐȀȒȓȈȉȝȌ ȉȔȓȓǻȐȘȌ

× ȉȀȓȀȐȐǻȉȓȄȑ ȒȆȋǻȓȘȌ

× ȒȔȌȓǽȐȆȒȆ ȎȋȎȈțȒȓȀȒȆȑ 



ǳȐțȏȎȑ ȉȊȆȐȎȌțȋȆȒȆȑǰǡǡ

ȋȄ ȖȀȐȀȉȓǽȐȀ

× ǵȔȊȎȒȜȌȃȄȓȎðȒȔȖȌǼȑ ȒȓȀ ȀȂțȐȈȀ

× ǡȔȓțȒȘȋȎȔȏȎȊȄȈȏțȋȄȌȎ ðȀȏȀȈȓȄǾ ȁȊǻȁȆ ȉȀȈ ȒȓȀ 2 ȀȊȊǽȊȈȀ

-ȏȖ ȋǼȒȘ ȒȔȂȂȄȌȈȉȎȜ ȂǻȋȎȔ, țȏȘȑ ȎȈ ȋȄȓȀȊȊǻȍȄȈȑ  ȓȎȔ ȔȏȎȃ.ȓȆȑIFN-Ȃ ȏȎȔ 
ȏȐȎȉȀȊȎȜȌ ȄȔȏǻȇȄȈȀ ȒȄ ȋȔȉȎȁȀȉȓȆȐȈȀȉǼȑȊȎȈȋȝȍȄȈȑ

ǽ

-ȂȄȌȄȓȈȉǻ ȀȏȎȋȎȌȘȋǼȌȎȑ ȏȊȆȇȔȒȋțȑ, ȋȄȓȀȁǾȁȀȒȆ ȋȄȓǻȊȊȀȍȆȑ ȋǼȒȘ ȏȀȓȐȈȉȝȌ ȉȀȈ 
ȋȆȓȐȈȉȝȌ ȒȄȈȐȝȌ  

× ǡȔȓțȒȘȋȎȄȏȈȉȐȀȓȎȜȌȓȀ - ȀȓȄȊǽȑ ȃȈȄȈȒȃȔȓȈȉțȓȆȓȀ, ȏȀȐȀȉǻȋȏȓȎȔȒȄȑȂȄȌȈǼȑ ȉȀȈ/ǽ 
ȏȎȈȉǾȊȆ ȁȀȐȜȓȆȓȀ ȋȄȓȀȍȜ ȒȔȂȂȄȌȝȌ ȋȄ ȓȆȌ ǾȃȈȀ ȋȄȓǻȊȊȀȍȆ

ǰȐȝȓȎ ȃȈȀȂȌȘȒȓȈȉț ȁǽȋȀ

ȏȊǽȐȄȑ ȂȄȌȄȀȊȎȂȈȉț ȉȀȈ ȎȈȉȎȂȄȌȄȈȀȉț ȈȒȓȎȐȈȉț

+

ȄȇȌȈȉǽ ȉȀȈ ȂȄȘȂȐȀȕȈȉǽ ȉȀȓȀȂȘȂǽ



(modified with permission from 
Notarangelo and Sorensen 2008) 

PID phenotype  Associated gene defects  

T-B+NK-SCID  ILDRG, JAK3  

T-B+NK+SCID  RAG1, RAG2, DCLERC1  

Omenn syndrome  RAG1, RAG2, DCLERC1, RMRP,  

IL7R, IL2RG, ADA  

Agammaglobulinemia   BTK,  IGHM,  IGLL1;  CD79A,  

CD79B, BLNK  

CVID  TNFRSF13B (TACI), ICOS, 

TNFRSF13C (BAFF-R), CD40L,  

CD19, SH2D1A  

Hyper-IgM syndrome  CD40L, CD40, AICDA, UNG  

XL lymphoproliferative syndrome  SH2D1A, XIAP  

Familial  haemophagocytic                   PRF1, MUNC13B, STX11  

lymphohistiocytosis  

Chronic granulomatous disease   CYBB, CYBA, NCF1, NCF2  

Severe congenital neutropenias                      ELA2, HAX1, GFI1, MAPBP, WASP  

Mendelian susceptibility to mycobacterial     IL12B, IL12RB1, IFNGR1,IFNGR2 

disease                                                             STAT1                                             

   

Herpes simplex encephalitis  UNC93B1, TLR3  

The hyper-IgE syndromes (HIES)  TYK2, DOCK8, STAT3  
 

ǣǥǭǥǳǩǪǧ ǥǳǥǱǯǣǥǭǥǩǡ ǳǸǭ ǰǡǡ 



ǵǡǩǭǯǳǴǰǩǪǧ ǥǳǥǱǯǣǥǭǥǩǡ ǳǸǭ ǰǡǡ 

(modified with permission from Notarangelo and Sorensen 2008) 

Mutated genes                                   Associated phenotypes  

 
RAG1, RAG2, DCLERC1  SCID, OS, leaky SCID  

LIG4  SCID, LIG4 syndrome  

WASP  WAS, XLT, XLN  

SH2D1A  XLP, CVID  

RMRP  CHH, SCID, OS  

ELA2  SCN, cyclic neutropenia  

 



ǣǥǭǥǳǩǪǧ ǤǩǡǣǭǸǲǧ

VǯȐȈȒȓȈȉǽ ȉȀȈ ȀȉȐȈȁǽȑ ȃȈǻȂȌȘȒȆ

VǣȄȌȄȓȈȉǽ ȒȔȋȁȎȔȊȄȔȓȈȉǽ,  ȂȈȀ ȓȆȌ ǼȂȉȀȈȐȆ ȏȐȎȂȄȌȌȆȓȈȉǽ 

ȃȈǻȂȌȘȒȆ ȉȀȈ ȓȆȌ ȀȌǾȖȌȄȔȒȆ ȕȎȐǼȘȌ

VǤȈǻȂȌȘȒȆ ǻȓȔȏȘȌ ȏȐȎȁȎȊȝȌ

VǰȐȎȒȔȋȏȓȘȋȀȓȈȉǽȃȈǻȂȌȘȒȆ ȀȓțȋȘȌ ȋȄ ȄȌ ȃȔȌǻȋȄȈ 

ȇȀȌȀȓȆȕțȐȄȑ ȋȎȐȕǼȑ ǰǡǡ

VǡȌǻȏȓȔȍȆ ȒȓȐȀȓȆȂȈȉȝȌ ȋȀȉȐȎȖȐțȌȈȀȑ ȏȐȎȕȜȊȀȍȆȑ ȂȈȀ 

ȓȆȌ ȀȏȎȕȔȂǽ ȄȏȈȏȊȎȉȝȌ ȉȀȈ ȋȆ ȀȌȀȒȓȐǼȗȈȋȘȌ 

ȎȐȂȀȌȈȉȝȌ ȁȊȀȁȝȌ

VǡȌȓȈȒȓȎǾȖȈȒȆ ȂȎȌțȓȔȏȎȔ-ȕȀȈȌțȓȔȏȎȔȂȈȀ ȓȆȌ ȏȐțȂȌȘȒȆ 

ȌȎȒȆȋǻȓȘȌ



ǥǱǣǡǲǳǧǱǩǡǪǥǲ ǬǥǨǯǤǯǩ ǣǥǭǥǳǩǪǧǲ ǤǩǥǱǥǴǭǧǲǧǲ ǰǡǡ

ǤȈȀȕȎȐȄȓȈȉǼȑ ȋȎȐȈȀȉǼȑ ȓȄȖȌȈȉǼȑ  - ȀȍȈȎȊțȂȆȒȆ ȉǻȇȄ ȓȄȖȌȈȉǽȑ ȉȀȈ ȒȜȂȉȐȈȒȆ ȋȄ ǻȊȊȄȑ

ǬǥǨǯǤǯǫǯǣǩǡ

ǰȐȎȒȃȈȎȐȈȒȋțȑ ȓȆȑ ȀȊȊȆȊȎȔȖǾȀȑ ȓȎȔ DNA (DNA sequencing )

VȋȄ ȓȆ ȋǼȇȎȃȎ ȉȀȓǻ Sanger

VǬȄ ȓȆ ȋǼȇȎȃȎ ȀȊȊȆȊȎȜȖȆȒȆȑȌǼȀȑ ȂȄȌȈǻȑ (Next Generation

Sequencing )



ǬǼȇȎȃȎȑ ȉȀȓǻ Sanger



Next   Generation Sequencing(NGS) ILLUMINA

ǡȌǾȖȌȄȔȒȆ ȋȄ 

ȕȇȎȐȈțȖȐȘȋȀ

454

ǡȌǾȖȌȄȔȒȆ ȓȎȔ 

ȏȀȐȀȂțȋȄȌȎȔ 

ȏȔȐȎȕȘȒȕȎȐȈȉȎȜ

ION TORENT

ǡȌǾȖȌȄȔȒȆ ȓȘȌ ǧ+ ȏȎȔ

ȀȏȄȊȄȔȇȄȐȝȌȎȌȓȀȈ 

ȉȀȓǻ ȓȎȌ ȏȎȊȔȋȄȐȈȒȋț



ǤȈȀȕȎȐȄȓȈȉǻ ȁǽȋȀȓȀ 
ȂȈȀ ȀȊȊȆȊȎȜȖȈȒȆ, 
ȃȈȀȖȘȐȈȒȋț ȉȀȈ 
ȀȌǾȖȌȄȔȒȆ

ǤȜȒȉȎȊȆ 
ȀȔȓȎȋȀȓȎȏȎǾȆȒȆ ȓȆȑ 
ȏȐȎȄȓȎȈȋȀȒǾȀȑ ȓȎȔ 

ȃȄǾȂȋȀȓȎȑ

ǶȐȆȒȈȋȎȏȎȈȄǾ ȉȀȈ ȓȀ 3 
ȁǽȋȀȓȀ ȒȄ ǼȌȀ, 
ȏȀȐǻȂȎȌȓȀȑ 
ȄȉȀȓȎȋȋȜȐȈȀ 
ȀȌȓȈȃȐǻȒȄȘȌ 
ȏȀȐǻȊȊȆȊȀ.

ǰȎȊȜ ȋȄȂǻȊȄȑ ȓȀȖȜȓȆȓȄȑ 
ȉȀȈ ȔȗȆȊǽ ȀȏțȃȎȒȆ ȋȄ 
ȋȄȈȘȋǼȌȎ ȉțȒȓȎȑ.

ǪȄȌȓȐȈȉț ȐțȊȎ ȒȓȆȌ 
ȀȌȀȉǻȊȔȗȆ ȌǼȘȌ 
ȂȎȌȈȃǾȘȌ.

NGS

SANGER











ǢȀȐȈǻ ǬȈȉȓǽ ǡȌȎȒȎȀȌȄȏǻȐȉȄȈȀ

Severe Combined Immunodeficiency

(SCID)

ǣȄȌȄȓȈȉǻ ȄȓȄȐȎȂȄȌǽȑ ȎȋǻȃȀ ȃȈȀȓȀȐȀȖȝȌ

ǣȄȌȌȈȎȜȌȓȀȈ ȂȄȌȈȉǻ ȔȂȈǽ (ȋȆȓȐȈȉǻ IgG ȀȌȓȈȒȝȋȀȓȀ)

VȒȎȁȀȐǼȑ ȉȀȈ ȄȏȀȌȀȊȀȋȁȀȌțȋȄȌȄȑ ȊȎȈȋȝȍȄȈȑ,

V ȖȐțȌȈȀ ȃȈǻȐȐȎȈȀ ȉȀȈ

V ȔȏȎȊȄȈȏțȋȄȌȎ ȁǻȐȎȑ

ǪȀȇțȊȎȔ ǽ ȊǾȂȀ ǳ ȉȜȓȓȀȐȀ

ǪȀȇțȊȎȔ ǽ ȋȆ ȊȄȈȓȎȔȐȂȈȉǻ Ǣ ȉȜȓȓȀȐȀ

ǢȐǼȕȆ ȋȄ SCID: ȋȆ ȀȌȓȈȋȄȓȘȏǾȒȈȋȆ ȊȎǾȋȘȍȆ ȒȓȎȌ 1ȎȖȐțȌȎ ȅȘǽȑ

20%                  ȎȈȉȎȂȄȌȄȈȀȉț ȈȒȓȎȐȈȉț

ǬȄȓȀȋțȒȖȄȔȒȆ 

ǡȐȖǼȂȎȌȘȌ 

ǡȈȋȎȏȎȈȆȓȈȉȝȌ 

ȉȔȓȓǻȐȘȌ (HSCT)



ǰȐȎȒȔȋȏȓȘȋȀȓȉțȑǼȊȄȂȖȎȑ ȌȄȎȂȌȝȌ

NBS (New Born Screening)

ǲȓțȖȎȑ: ȌȀȀȌȈȖȌȄȜȒȄȈȇȄȐȀȏȄȜȒȈȋȄȑȃȈȀȓȀȐȀȖǼȑȏȎȔȀȏȄȈȊȎȜȌȄǾȓȄȓȆȌǾȃȈȀȓȆȅȘǽ
ȄǾȓȄȓȆȋȀȉȐțȖȐȎȌȆȔȂȄǾȀ,ȏȐȈȌȂǾȌȎȔȌȒȔȋȏȓȘȋȀȓȈȉǼȑ.

ǪǡǨǴǲǳǥǱǧǲǧǲǳǧǤǩǡǣǭǸǲǧȋȄȂǻȊȆȇȌȆȓțȓȆȓȀȉȀȈȋȄȐȈȉǼȑȕȎȐǼȑȏȐȝȈȋȎȑ

ȇǻȌȀȓȎȑȀȏțȄȏȀȌȀȊȀȋȁȀȌțȋȄȌȄȑȊȎȈȋȝȍȄȈȑ

ǰǱǸǩǬǧǤǩǡǣǭǸǲǧǪǡǩǨǥǱǡǰǥǩǡ ȋȄǾȘȒȆȇȌȆȓțȓȆȓȀȑ+ ȇȌȆȒȈȋțȓȆȓȀȑ

(ȋǼȒȘȓȎȔNBS)

NGSǯȈ ǰǡǡ ȉȀȈ ȄȈȃȈȉǻ Ȇ SCID 

ȏȊȆȐȎȜȌ ȓȀ ȉȐȈȓǽȐȈȀ ȂȈȀ ȌȀ 

ȒȔȋȏȄȐȈȊȆȕȇȎȜȌ ȒȓȎȌ NBS



ǥǵǡǱǬǯǣǧ ǳǯǴ NBS ǣǩǡ ǳǯ SCID

ǡȐȖȈȉǻ:screening ȂȈȀ ADA ȀȌȄȏǻȐȉȄȈȀ ȋȄ ȖȐȘȋȀȓȎȋȄȓȐȈȉǽȋǼȇȎȃȎ Ƕ

ǲǽȋȄȐȀ: ȏȎȒȎȓȈȉǽ PCR(Real Time PCR) ȋǼȓȐȆȒȆ TRECs

(ȁȈȎȊȎȂȈȉțȑ ȃȄǾȉȓȆȑ ȓȘȌ

ȏȀȐȇǼȌȘȌ ǳ ȉȔȓȓǻȐȘȌ)

DNA Ȁȏț DBS

TRECs=Tcell Receptor Excision Circles , PCR=Polymerase Chain Reaction , DBS=Dried Blood Spots



// // // //

V V Rec JD C J J C JD
C

TCRA locus

Most of 
TCRD gene

sjTREC

70% of T cells

make this PCR  

across joint 

TRECs (T cell Receptor Excision Circles)

Ǩ

Ǵ

Ǭ

ǯ

ǲ

ǵȔȒȈȎȊȎȂȈȉǻ TRECs ȁȈȎȊȎȂȈȉțȑ ȃȄǾȉȓȆȑ ȈȉȀȌȎȏȎȈȆȓȈȉǽȑ ȏȀȐȀȂȘȂǽȑ ǳ ȉȔȓȓǻȐȘȌ

ǶȀȋȆȊǻ ǽ ȉȀȇțȊȎȔ TRECs ȖȀȋȆȊǽ ȏȀȐȀȂȘȂǽ ǳ ǽ ȀȔȍȆȋǼȌȆ ȀȏȝȊȄȈȀ ǳ

ǰǱǯǺǰǯǨǥǲǧ:ȄȏȀȐȉǽȑ ȂȈȀ ȓȆȌ PCR ȏȎȒțȓȆȓȀ DNA 

ǡȐ.TRECs/ȉȔȓȓȀȐȈȉț ȏȊȆȇȔȒȋț                   ȏȀȐȀȂȘȂǽ ȏȀȐȇǼȌȘȌ ǳ Ȁȏț ȓȎ ȇȜȋȎ



ǵǴǲǩǯǫǯǣǩǪǥǲ ǳǩǬǥǲ TRECs

ǪȀȇȎȐǾȅȎȌȓȀȈ Ȁȏț ȓȎ ȄȐȂȀȒȓǽȐȈȎ ȏȎȔ ȏȐȀȂȋȀȓȎȏȎȈȄǾ ȓȎȌ ȌȄȎȂȌȈȉț ǼȊȄȂȖȎ

ǵȔȒȈȎȊȎȂȈȉǻ ȌȄȎȂȌǻ : 1 TREC/10 ǳ  ȉȜȓȓȀȐȀ

ǰȀȈȃȈǻ: 1 TREC/100 ǳ  ȉȜȓȓȀȐȀ

ǥȌǽȊȈȉȄȑ: 1 TREC/1000 ǳ  ȉȜȓȓȀȐȀ

ǢȐǼȕȆ ȋȄ SCID : ȏȎȊȜ ȖȀȋȆȊǻ ǽ ȋȆ ȀȌȈȖȌȄȜȒȈȋȀ TRECs

(ȓȀ ȋȆȓȐȈȉǻ ǳ ȃȄȌ ȀȔȍǻȌȎȔȌ ȓȎȌ ȀȐ.TRECs)

ǰǱǸǳǡǱǶǩǪǯǲǲǳǯǶǯǲ: ǡȌȈȖȌȄȜȄȈȁȐǼȕȆȋȄȖȀȋȆȊǻȏȀȐȇǼȌȀǳȉȜȓȓȀȐȀ(SCID)

ǤǥǴǳǥǱǥǴǸǭǲǳǯǶǯǲ: ǡȌȈȖȌȄȜȄȈȉȀȈǻȊȊȄȑȀȒȇǼȌȄȈȄȑȋȄȖȀȐȀȉȓȆȐȈȒȓȈȉțȓȎȔȑȓȆȌ

ǳȊȄȋȕȎȏȄȌǾȀȏȎȔȄȏǾȒȆȑȎȃȆȂȎȜȌȒȄȋȄǾȘȒȆȓȘȌ

ȉȔȉȊȎȕȎȐȎȜȌȓȘȌȏȀȐȇǼȌȘȌǳȉȔȓȓǻȐȘȌ

TRECs Screening Test



NBS-TRECs test

DBS (Dried Blood Spots) - ȄȉȖȜȊȈȒȆ ȂȄȌȘȋȈȉȎȜ

DNA - ȏȎȒȎȓȈȉǽ PCRȄȈȃȈȉǽ ȂȈȀ ȓȀ TRECsð

ȀȐȈȇȋțȑ ȏȐțȒȕȀȓȀ ȒȖȆȋȀȓȈȒȋǼȌȘȌ ǳ ȉȔȓȓǻȐȘȌ 

ȒȓȎ ȏȄȐȈȕȄȐȈȉț ȀǾȋȀ.

TRECsscreening : 

ȄȔȀǾȒȇȆȓȆ, ȄȈȃȈȉǽ, ȎȈȉȎȌȎȋȈȉǽ ȋǼȇȎȃȎȑ

TRECs: ȉȔȉȊȈȉǻ DNAs ȒȓȀȇȄȐǻ ȒȓȈȑ ȉȆȊǾȃȄȑ ȀǾȋȀȓȎȑ



NEJM,2014 371:434-46

ǲǴǭǯǫǩǪǧ ǥǰǩǢǩǸǲǧ 5 ǶǱǯǭǩǡ Ǭǥǳǡ ǡǰǯ HCT

240 ȌȄȎȂȌǻ



SCID ðNBS ->  23 ȏȎȊȈȓȄǾȄȑ ȓȘȌ ǧǰǡ (Ȁȏț ȓȎȌ ǡȜȂȎȔȒȓȎ ȓȎȔ 2014)

+

ȏȈȊȎȓȈȉǻ ȏȐȎȂȐǻȋȋȀȓȀ ȒȄ ǥȔȐȝȏȆ, Ǭ.ǡȌȀȓȎȊǽȉȀȈ ǡȒǾȀ

ǬȄȊǼȓȆ Ȁȏț 11 ȏȐȎȂȐǻȋȋȀȓȀ NBS ȂȈȀ SCID 

(ȏȄȐȈȒȒțȓȄȐȀ Ȁȏț 3 ȄȉȀȓ.ȁȐǼȕȆ)

52 SCID ȉȀȈ leaky SCID/Omenn

VȒȔȖȌțȓȆȓȀ 1:58000 ȂȄȌȌǽȒȄȈȑ

VȃȈȏȊǻȒȈȀ Ȁȏț ȓȈȑ ȏȐȎȆȂȎȜȋȄȌȄȑ 

1:100000 ȂȄȌȌǽȒȄȈȑ

SCID: ȔȏȎȃȈȀȂȌȘȒȋǼȌȎȀȏȎȔȒǾȀ ȄȌțȑ ȀȋȄȐțȊȆȏȓȎȔ ȏȐȎȒȔȋȏȓȘȋȀȓȈȉȎȜȄȊǼȂȖȎȔ



ǡǲǨǥǭǥǩǥǲ ǰǯǴ ǳǡǴǳǯǰǯǩǯǴǭǳǡǩ Ǭǥ TRECs-TESTING
ȀȌȄȏǻȐȉȄȈȀ ȂȄȌ.ȁȊȀȁȆ CD3/ȋl ȀȏǻȌȓȆȒȆ 

ȒȄ ȋȈȓȎȂțȌȀ

% 

ȋȆȓȐȈȉǻ ǳȎȊȈȂȎ-

ȉȊȘȌȈȉțȓȆȓȀ

ȓȔȏȈȉț SCID ȒȎȁȀȐǼȑ ȋȄȓȀȊȊǻȍȄȈȑ 

ȒȄ ȂȌȘȒȓǻ SCID 

ȂȎȌǾȃȈȀ

<300 <10 ȌȀȈ -

leaky SCIDǽ

ǲȜȌȃȐȎȋȎ Omenn

ȀȓȄȊȄǾȑ ǽ 

ȔȏȎȋȎȐȕȈȉǼȑ

ȋȄȓȀȊȊǻȍȄȈȑ ȒȄ 

ȂȌȘȒȓǻ SCID ȂȎȌǾȃȈȀ

300-500 ȎȖȈ ȌȀȈ

ǻȓȔȏȎ SCIDǽ ȈȃȈȎȏȀȇǽȑ ǳ 

ȊȄȋȕȎȏȄȌǾȀ

ǪȀȋǾȀ ȋȄȓǻȊȊȀȍȆ ȒȄ 

ȂȌȘȒȓȀSCIDȂȎȌǾȃȈȀ

300-1500

ȒȜȌȃȐȎȋȀ ȋȄ ǳ ȊȄȋȕȎȏȄȌǾȀ 

(DiGeorge , CHARGE, Rag2 

ȉȀȈ Dock8, ȀȓȀȍǾȀ-

ȓȆȊȄȀȂȂȄȈȄȉȓȀȒǾȀ

<1500

ǽȀȌȄȏȀȐȉǽȑ 

ȊȄȈȓȎȔȐȂǾȀ ǳ

ǳȔȏȈȉț Di George(DGS) 

VȏȎȊȜȖȀȋȆȊǻ ǳ

VȖȀȋȆȊǻǳ

VȒȖȄȃȎȌȕȔȒȈȎȊȎȂȈȉǻ ǳ

ȃȄȔȓȄȐȎȏȀȇǽȑ ǳ

ȊȄȋȕȎȏȄȌǾȀ

<1500 VȒȔȂȂ.ȉȀȐȃȈȉǽȀȌȄȏǻȐȉȄȈȀ

VȌȄȎȂȌȈȉǽ ȊȄȔȖȀȈȋǾȀ 

VȏȐȎȂȄȌȌȆȓȈȉǽ ȖȎȐǽȂȆȒȆ ȂȊȔȉȎȉȎȐȓȈȉȎȄȈȃȝȌ

VȕȊȄȂȋȎȌȝȃȄȈȑ ȉȀȓȀȒȓǻȒȄȈȑ (ȒǽȗȆ)

VǰȐțȘȐȀ ȋȄ ȖȀȋȆȊț ȒȘȋȀȓȈȉț ȁǻȐȎȑ

(ȖȘȐǾȑ ȒȔȂȂȄȌǽ ȀȌȘȋȀȊǾȀ ǽ ȀȌȀȂȌȘȐǾȒȈȋȆ

ȃȈȀȓȀȐȀȖǽ)

ǶȘȐǾȑ ȓȎ NBS

ȇȀ ǽȓȀȌ ȀȃȈǻȂȌȘȒȓȀ 

ȉȀȈ ȄȔǻȊȘȓȀ ȒȄ ȊȎȈȋȝȍȄȈȑ

ǪǫǩǭǩǪǡ 
ǲǧǬǡǭǳǩǪǡ



ǡǲǨǥǭǥǩǥǲ ǰǯǴ Ǥǥǭ ǳǡǴǳǯǰǯǩǯǴǭǳǡǩ Ǭǥ TRECs-TESTING

ǢǡǲǩǪǯ ǶǡǱǡǪǳǧǱǩǲǳǩǪǯ = ǵǴǲǩǯǫǯǣǩǪǡ ǳ ǪǴǳǳǡǱǡ

ǡǩǳǩǡ ǤǩǡǳǡǱǡǶǧ

ǣȄȌȄȓȈȉǽȁȊǻȁȆ ȏȎȔ ȄȏȆȐȄǻȅȄȈ ȓȆȌ 
ȄȍǼȊȈȍȆ ȓȎȔ ǳ ȋȄȓǻȓȎȌ 
ȀȌȀȒȔȌȃȔȀȒȋțȓȎȔ TCRȒȓȎ ȇȜȋȎ

V ǡȌȄȏǻȐȉȄȈȀ ZAP-70
V MHC class-II ȀȌȄȏǻȐȉȄȈȀ
V ǡȌȄȏǻȐȉȄȈȀ CD40 ligand 

ǡȓȄȊȄǾȑ ǽ ȔȏȎȋȎȐȕȈȉǼȑȋȄȓȀȊȊǻȍȄȈȑ 
ȒȄ ȂȎȌǾȃȈȀSCID

V Late onset ADA -SCID

ǤȈǻȕȎȐȄȑ ȂȄȌȄȓȈȉǼȑ ȁȊǻȁȄȑV ǰȎȈȉǾȊȄȑ ǳ ȀȌȄȏǻȐȉȄȈȄȑ (ȀȐȉȄȓǻ ǳ ȉȜȓȓȀȐȀ ȝȒȓȄ ȌȀ ȄǾȌȀȈ 
ȏǻȌȘ Ȁȏț ȓȎ cutoff)

ǣȄȌȄȓȈȉǼȑȁȊǻȁȄȑ ȏȎȔ ȀȕȎȐȎȜȌ 
ȖȔȋȈȉǽȀȌȎȒǾȀ

V ǵȔȊȎȒȜȌȃȄȓȆ ȀȂȀȋȋȀȒȕȀȈȐȈȌȀȈȋǾȀ(XLA),
V ȖȐțȌȈȀ ȉȎȉȉȈȘȋȀȓȝȃȆȑȌțȃȎȑ(CGD) ȉȀ

ǣȄȌȄȓȈȉǼȑ ȁȊǻȁȄȑ ȏȎȔ ȄȉȃȆȊȝȌȎȌȓȀȈ
ȀȐȂțȓȄȐȀ

V ǪȎȈȌǽȏȎȈȉǾȊȆ ȀȌȎȒȎȀȌȄȏǻȐȉȄȈȀ(CVID)

ǡǱǡ: ǼȌȀ ȀȐȌȆȓȈȉț TREC-test ȃȄȌ ȀȏȎȉȊȄǾȄȈ ȓȆȌ ȏȈȇȀȌțȓȆȓȀ ȋȈȀȑ ǰǡǡ



ǥȔȀȈȒȇȆȓȎȏȎǾȆȒȆȓȘȌȉȊȈȌȈȉȝȌȂȈȀȓȐȝȌ

V ǪȊȈȌȈȉǼȑȄȉȃȆȊȝȒȄȈȑ

V ǯȈȉȎȂȄȌȄȈȀȉțȈȒȓȎȐȈȉțȏȐȝȈȋȘȌȇȀȌǻȓȘȌȏȀȈȃȈȝȌ

V ǪȀȉǽȀȌǻȏȓȔȍȆ

V ǥȏȀȌȀȊȀȋȁȀȌțȋȄȌȄȑȉȀȈȒȎȁȀȐǼȑȊȎȈȋȝȍȄȈȑ

V ǵȔȒȈȉǻȖȀȐȀȉȓȆȐȈȒȓȈȉǻ



SCID-NBS Ą ȏȀȇȎȊȎȂȈȉț țȓȀȌ TRECs< cutoff 

ǡǰǯǳǥǫǥǲǬǡ  TRECs ȄȒȕȀȊȋǼȌȀ ȀȐȌȆȓȈȉț (ȖȀȋȆȊǻ TRECs)

V ǡȌȄȏȀȐȉǽȑȏȎȒțȓȆȓȀȀǾȋȀȓȎȑ

V ǡȏȎȓȔȖǾȀȄȉȖȜȊȈȒȆȑDNA

V ǰȀȐȎȔȒǾȀȀȌȀȒȓȎȊǼȘȌȓȆȑPCR

(ȆȏȀȐǾȌȆ)

ȄȏȀȌǻȊȆȗȆȓȎȔȓȄȒȓȋȄȁ-ȀȉȓǾȌȆ

(ȇȄȓȈȉțȑȋǻȐȓȔȐȀȑ)

ǶȀȋȆȊǻTRECs+ ȖȀȋȆȊǽȀȉȓǾȌȆ=ȀȌȄȏȀȐȉǼȑDNA

ǥǱǬǧǭǥǩǡ ǡǰǯǳǥǫǥǲǬǡǳǸǭ 

TREC ǳǥǲǳ



ǡǫǣǯǱǩǨǬǯǲ  ǡǮǩǯǫǯǣǧǲǧǲ ǡǰǯǳǥǫǥǲǬǡǳǸǭ TRECs-TEST



ǡǭǯǲǯǵǡǩǭǯǳǴǰǯǲ ǰǥǱǩǵǥǱǩǪǯǴ ǡǩǬǡǳǯǲ

ǬȄȓǻ Ȁȏț ǼȌȀ ȇȄȓȈȉț ǽ ȃȜȎ ȀȓȄȊǽ ȓȄȒȓ

ǰȐȎȒȃȈȎȐȈȒȋțȑ ǳ/Ǣ/ǭǪ ȕȀȈȌȎȓȜȏȎȔ

VǯȊȈȉǻ ȊȄȔȉǻ

V CD3,CD4,CD8 T ȊȄȋȕȎȉȔȓȓǻȐȘȌ 

V CD45RA/CD45RO ȂȈȀ ȓȆȌ ȎȊȈȂȎȉȊȘȌȈȉțȓȆȓȀȓȘȌ ǳ 

ȉȀȈ ȂȈȀ ȓȆȌ ȜȏȀȐȍȆ ȋȆȓȐȈȉȝȌ ǳ

V CD19 B ȉȔȓȓǻȐȘȌ

V CD16/CD56 NK ȉȔȓȓǻȐȘȌ

ǪǫǩǭǩǪǡ ǲǧǬǡǭǳǩǪǯ

ÅCD3Ò1500/ȋl

ÅǡȏȎȔȒǾȀ ȏȀȐȇǼȌȘȌ ǳ

ÅǲȜȌȃȐȎȋȀ ȋȄ ȊǾȂȀ ǳ ǽ 

ȃȄȔȓȄȐȎȏȀȇǽȑ ȀȏȝȊȄȈȀ ǳ

ǯǱǩǲǳǩǪǯǰǯǩǧǲǧ ǤǩǡǣǭǸǲǧǲ

VǥȊȄȂȖȎȑȓȆȑ ȊȄȈȓȎȔȐȂǾȀȑ ȓȎȔ ǳ ȋȄȓǻ 

Ȁȏț ȃȈǼȂȄȐȒȆ ȋȄ ȋȈȓȎȂțȌȀ(PHA)

VǲȔȂȉǼȌȓȐȘȒȆ Abs ȒȓȎȌ ȎȐț

VǳǾȓȊȎȈ Abs ȒȄ ȄȈȃȈȉǻ Ags (ȄȋȁțȊȈȀ)

VǣȄȌȄȓȈȉǽ ȀȌǻȊȔȒȆ (DNA sequencing)

× ȀȌȓȈȁȈȎȓȈȉǻ

× Ȃ-ȒȕȀȈȐǾȌȆ

× ȀȏȎȕȔȂǽ 

ȅȘȌȓȀȌȝȌ 

ȄȋȁȎȊǾȘȌ



NBS ȂȈȀ Ǣ ȀȌȄȏǻȐȉȄȈȄȑ

ǬǼȓȐȆȒȆ KRECs 

(Kappa Deleting Recombination Excision Circles)

ǸȐǾȋȀȌȒȆ ȓȘȌ Ǣ ȉȔȓȓǻȐȘȌ 

ȒȓȎ ȋȔȄȊț ȓȘȌ ȎȒȓȝȌ 

ǡȏȄȊȄȔȇǼȐȘȒȆ KRECs

VȒȓȀȇȄȐǻ, 

VȃȄȌ ȀȌȓȈȂȐǻȕȎȌȓȀȈ,

VȉȔȉȊȎȕȎȐȎȜȌ ȒȓȎ 

ȏȄȐȈȕȄȐȈȉț ȀǾȋȀ

ǬȆ ȀȌȈȖȌȄȜȒȈȋȀ KRECsȒȓȎ DNA Ȁȏț DBS

V Ǣ ȉȜȓȓȀȐȀ ȀȌȜȏȀȐȉȓȀ ǽ ȃȔȒȊȄȈȓȎȔȐȂȈȉǻ 

(ȕȔȊȎȒȜȌȃȄȓȆ ȀȂȀȋȋȀȒȕȈȐȈȌȀȈȋǾȀ-XLA, 

ǽ  B-SCID)

V ǡȌȄȏǻȐȉȄȈȀ ȓȆȑ ȏȐȝȈȋȆȑ ȘȐǾȋȀȌȒȆȑ 

ȓȘȌ Ǣ ȉȔȓȓǻȐȘȌ

ǵȔȒȈȎȊȎȂȈȉǻ ȁȐǼȕȆ = ȀȌȈȖȌȄȜȒȈȋȀ KRECs



TRECs  +KRECs
ǳǡǴǳǯǶǱǯǭǧ ǬǥǳǱǧǲǧ

ǳȀȔȓȎȏȎǾȆȒȆȉȀȈǻȊȊȘȌǰǡǡ

V ȀȌȄȏǻȐȉȄȈȀ DOCK8, 

V ȒȜȌȃȐȎȋȎ ȔȏȄȐ-IgE, 

V ȀȓȀȍǾȀ ȓȆȊȄȀȂȂȄȈȄȉȓȀȒǾȀȉȀȈ ȓȎ 

V ȒȜȌȃȐȎȋȎ Comel -Netherton

ǝȋȘȑ ȏȐǼȏȄȈ ȌȀ ȉȀȇȎȐȈȒȓȎȜȌ ȓȀ cutoffs

ȝȒȓȄ ȌȀ ȋȆȌ ǼȖȎȔȋȄ ȏȎȊȊǻ ȗȄȔȃȝȑ ȇȄȓȈȉǻ



ǣǯǭǩǤǩǡǪǧ ǳǡǴǳǯǰǯǩǧǲǧ 
ǰǱǸǳǯǰǡǨǸǭ ǡǭǯǲǯǡǭǥǰǡǱǪǥǩǸǭ

VǣȎȌȈȃȈȀȉțȑ ǼȊȄȂȖȎȑ ȂȈȀ ǶǪǭ

CYBB, CYBA, NCF1, NCF2

VǣȎȌȈȃȈȀȉțȑ ǼȊȄȂȖȎȑ ȂȈȀ Ƕ-ȕȔȊȎȒȜȌȃȄȓȎ Hyper IgM

CD40L

VǣȎȌȈȃȈȀȉțȑ ǼȊȄȂȖȎȑ ȂȈȀ ǡȔȓȎȕȊȄȂȋȎȌȝȃȆǭȎȒǽȋȀȓȀ

TRAPS

TNFRSF1A

CAPS (CINCA, MWS, FCAS)

CIAS1

Hyper IgD

MVK

ǲȓțȖȎȈ ȂȈȀ ȓȎ ǻȋȄȒȎ 

ȋǼȊȊȎȌ:

V SCID-NBS

V NGS 




