NHDOOPMAILIMS 3A:

HaumenoBaHue Ha 3a00J1IBaHETO

Cenexmueen oepuyum na umynoznooynun M (IgM)

Cunonumno uznuceane: Cenekmusen HzM deghuyum

Ornpezenenne Ha 3a00JIsIBAHETO

Jedpunuyusn

CenexTHBHUAT eUINT Ha UMYHOTTIOOYyTHH M mpencTaBisBa psaka GopMa Ha TUCTaMMarioOyJIHHEMHS U ce
XpaKkTepusupa ¢ M30JMPaHW HUCKM HUBA Ha MMyHOTI0OynuH M (IgM). Ilpu To3m nedpuuut 0OMKHOBEHO ce
cpoOmaBat HuBa Ha IgM ot 0.4 g/L o HambIHO HeoTKpUBaeMu HUBa. CyuTa ce, 4e TOYHaTa AePUIMHNIMS Ha
nedunuTa npeamnosara HUBa Ha [gM noz Be CTaHAAPTHU OTKJIOHEHUS OT CpeJHaTa CTOMHOCT 3a ChOTBETHATA
BBb3pacToBa rpyna. OCBeH TOBa HMBATa Ha OCTAHAJIHMTE KJIaCOBE HMYHOTJIOOYIMHHU TpsIOBa Ja ca B peepeHTHH
TPaHUIY.

Enuoemunozusn

Io HacTosilieM He ChIECTBYBAT TOUYHHU JAHHHU 32 YECTOTaTa Ha 3a00JSIBAHETO Bb3 OCHOBA HA HIMPOKOMAIIIA0HH
eMUICMUOJIOTHYHN TpPOyUYBaHust. EIMHCTBEHOTO MO-IIUPOKO MaliabHO MpoydyBaHe AaTUpa OT cpeaara Ha
1970-te rogunau u crobmana yectorara ot 0.03%.

Emuonozusn

C'I)IlIeCTByBaT CAUHUYHU C’])O6IIICHI/IH Ha HSKOJIKO 4YJICHAa Ha OTACIIHHU (baMI/IJ'II/II/I C JaHHHU 3a CCJICKTHUBCH UrM
JIeUIIT, HO 10 TO3M MOMECHT HE € YCTAHOBCH TOUCH HAYMH Ha yHACJIEIIBaHE Ha 3a00JsiBaHeTO. Enu3oanuHo
ce cpOOIaBaT EIMHUYHU CIy4ad C XPOMO3OMHHU abepaiyu, HO €IMHCTBEHAaTa CHCTEMHO ChOOINaBaHa
abeparust e aenerus Ha 22q11.2. He ca ycTaHOBEHU U IeHH, CBBP3aHH C TOBa 3a00JIsIBAHE.

Ilamozenesa

OT WUMYHOJIOTWYHA TJeIHa TOYKa € TPYOHO na Obae OOSCHEHO HaMaJeHOTO KojudecTBo Ha WUrM mpwm
3ara3BaHe Ha HOPMAaJHH HHWBAa Ha OCTAHAJHTE KJIACOBE MMYHOTJIOOYNHHU. BB3MOXHUTE OOSCHEHHS HAa TO3U
(heHOMEH BKIIFOYBAT MOHW)XEHA T-XenmepHa (YHKIWS WM HapyloleHa TepMHUHaiTHa nudepeHnuanus Ha B-
muMdonuT B cnenuduaan [gM-cexpeTupaniy Iia3sMOUTH. MaKo BEpOsATHO € JeQUIHUTHT a ce IBIDKH Ha
MOHIKCHA TPACKPHUIIIIHS HA JIOKYCa 32 |L-TeKKa BEPHTa.

Knunuuna Kapmuna

KnuanyHaTta u3gBa Ha TO3M AaHTUTSIOB NEGHUIMT MOXKE JAa € pa3HooOpa3Ha M BKIIIOYBA C€AMHUYHU N
KOMOMHAIUS OT PEKypeHTHN HH(EKINH, alepTHYHN U aBTOMMMYHH 3a0o0iiaBaHus. bes na ce mpezcTaBs MbJIeH
CIMCHK Haii-yecTuTe MH(MEKIMH ca MH(PEKINN HAa TOPHUTE AMXATENH IIbTUINA, Bh3MAJEHHE Ha CPEJHOTO YXO,
CHHO-TIYJIMOHAJIHM HWH(EKIUH (BKJI. THEBMOHHMH). AJIEprHYHUTE U3ABH BKIIOYBAT aJieprudHa acTMa,
JIeprUYeH PUHMT U aTonuueH aepMaTuT. OT aBTOUMMYHHUTE M3sIBH Ha 3a00JSIBAHETO YECTO CE ChOOIaBar —
CHUCTEMEH JIylyC, PeBMaTOMJEH apTPUT, aBTOUMYHHA XEMOJIUTHYHA aHeMHUs. B MHoro peaku cimydau ce
choOIIaBa pa3BUTHE HA COJIMIHH TYMOPH U XE€MaTOJOTMYHN HEOIUIa3HH.

Jleuenue

JIOrM4HOTO 3aMECTHUTEINIHO JICUeHNE TIPH TO3H AeHUINT € u3noi3BaHe Ha UrM oborateHn UMyHOTIIOO0YJIMHOBH
npernapatd. KeM To3m MoMeHT o0ade TakuBa JHUICBaT. B oThaenHu cioydam obade BIMBAaHETO Ha
KOHBEHIIMOHAJIHM HWMYHOTJIOOYJIMHOBH TpenapaTH uMa OjarompusiteH edekT. HeoOxoamMo e anexkBaTHO
TpeTHpaHe Ha BCHYKHM HWH(EKINO3HH W aBTOMMYHHH IpPOSBH Ha 3abosmBaHeTo. YacT OT MAalMEHTHTE HMaT
CBIIIO aJICKBaTEH OTIOBOP KBM MOJMBAJIICHTH ITHEBMOKOKOBH BAKCHHH, KOETO € B 0132 IPENOpPbKa Ha TAXHOTO
MpOo(GUIAKTUIHO TPUIIOKESHHE C IIeT1 HaMaJsIBaHe Ha PUCKa OT MHBA3WBHU ITHEBMOKOKOBH WH(EKIINH.

Ilvpeuuna npogunakmuka

Hopazu/I C’I)O6HIaBaHeTO Ha CJiydau Ha (baMI/IJ'IHO KIIbCTCPUPAHE Ha 3a00J1IBaHETO Ipu BCUYKH MALIUCHTU CC
MpenopbriBa HACOYCHO U3CJICABAHC 3a CCPYMHU HMBA HA I/IMyHOI‘J'IO6yJ'II/IHI/I npu poACTBECHULIU OT I'bpBa JIMHUA,
0co0€eHo MpHU MOJOKUTECJIHA aHAMHE3a 3a I/IH(i)eKIII/IO?)HI/I 1 aBTOUMYHHHA 3a00JIIBaHUS.
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EnmpeMuonornynu qanau 3a 3a0ossiBaneTo B PenyOnuka Briarapus

Ilo naHHM Ha HALMOHAJIHMS PETHCTHP HA NAIMEHTH C IBPBUYHH MMYHHU AeQULIUTH, (YHKIHOHUpAN Ha
tepuropusata Ha YMBAJI ”AnexcarnpoBcka”, o 2016 r. He e BIUCAaH HATO €IUH HAMEHT ChC CEJICKTHBEH
UrM  nmedpunur. I[IppBusST ommcaH OBJTApCKH MamMeHT cbhC celekTmBeH WUrM mepumur ¢ or YMBAJI
,»,Codmsmen* mpe3 2018 .

B T.4. HayyHm myOJWKanMM OT TOCJIEAHHTE TMET TOIWHH W MPHUIOKEHA
oubsmmorpadcka cipaBka

Haymoga, E., et al. "Peructbp Ha IbpBUYHUTE UMYHHU JeQUINUTH B bparapus u ch3gaBaHe Ha eKCICPTHH
uentpose." Couunanna meauiuna 1.1 (2016): 22-23.

CroumeHOB, A., et al. ABTOMMYHHHU [IUTONICHNUH MIPU BB3PACTHU MAIUEHTH C MbPBHYHU UMYHHHU JeQUIUTH: 1B
,,TATIAYHA cirydas’. JleBeTa HallOHATHA KOH(PEPEHIIH 3a PeaKu OONECTH U JIeKapcTBa cupany, 31 asrycr — 1
centemBpu 2018 r., [InoBnuB, bearapus.

Enunemuonornuynu ganHu 3a 3abosisiBaHeTo B EBponeiickus chio3

Jlumncear curypHu gaHHO 3a OonecTHOCTTa OT 3a0oisiBaneTo B EC, MoMydeHN OT HACOUCHH eMHUIEMHUOIOTHIHH
npoyuyBaHusi. ENnHCTBEHOTO MOIOOHO Mpoy4uBaHe naTtupa ot cpenara Ha 70-te roguau ot CAILl. Cropen Hero
yecrorata Ha cenektuBHus UrM nedurmr e 0.03%. I[Ipu HacenseHue oT 7 MITH., TOBa OU 03HAYABAJIO HAJTUYUE
Ha okojio 2100 ciydast y Hac, KOUTO OYEBHIHO OCTaBaT HEpa3NO3HATH MOpaau Hecnenu(pUyHaTa KIMHUYHA
KapTHHA W HHUCKaTa M3M03JIBAEMOCT Ha MMYHOJOTWYHHM H3CIEIBaHMSA B Obirpackara KIMHUYHA TPAKTHKA.
B®3moxHO € 0baue yecToTa ja € 3HAUMTEIHO IMO-HHUCKA, aKO CE MPHIIOXKAT CTPUKTHHUTE KpuTtepun Ha ESID.
Jlo TakoBa 3aKJIOUEHHE CTUra €IHO HOBO IpOoydYBaHE OT XoJaHAusi. Moke Jla ce O4akBa, ue MpH aJeKBAaTHO
JICYEHHEe Ha ChIbCTBALIMTE HMH(EKIMO3HM, aBTOMMYHHH M aleprHYHM MpOsSBU Ha 3a0o0JisiBaHETO oOmiara
MIPEXXMBSBEMOCT Ha 3aCETHATHTE MAMEHTH € OJIM3Ka 10 OYaKBaHaTa 3a OBJATpacKaTa MOy JIaIys.

B T.4. HayyHu nyOdMKanMM OT TMOCJIEAHMTE MeT TOJMHM U MPHUIOKEHa
6ubnmnorpadcka cnpaBka

Cassidy, James T., and Gordon L. Nordby. "Human serum immunoglobulin concentrations: prevalence of
immunoglobulin deficiencies." Journal of Allergy and Clinical Immunology 55.1 (1975): 35-48.

Janssen, L. M. A., et al. "Truly selective primary IgM deficiency is probably very rare." Clinical & Experimental
Immunology 191.2 (2018): 203-211.

OneHka Ha CHOTBETCTBUETO Ha 3a00JIsIBAaHETO C JAeUHUIMATA 3a PAAKO 3abossiBaHe
chriaacHo § 1, T. 42 oT NOMBJIHUTEITHUTE pa3ope0M Ha 3akoHa 3a 3paBeTO

3abomsiBaHETO CHOTBETCTBA HA OIpeE/AeiIeHaTa B 3aKOHa 3a 3/IpaBeTo AeGHHHUINS 3a PSAKO 3a00sIBaHe, 8 IMEHHO
pasmpoctpanenue nox 5:10 000 xymm cpen Hacenenueto Ha EC, BkimtounTenHo U B brarapust.

KpI/ITCpI/II/I 3da JTUArHOCTUIIMPAHC Ha 3a00JIIBAHETO

IonacrosinieM on06penute otr EBporneiickoro apysxectBo 3a umyHHu aepunut (ESID) kpurepun 3a quarsosa
Ha cenektuBHUSA UM nedunur ca:

e Uubexnun (W MHBa3UBHU MM MIOBTAPSIIN CE, OOMKHOBEHO OaKTEPHAIIHM)

e U Hucko cepymHO/IIa3MeHO HUBO Ha (¢ HOpMaiHM 11a3MeHu HuBa Ha IgG n IgG cyOkiacose u IgA)
e U HopmaneHn IgG aHTUTSIIOB OTTOBOP KbM BCUUYKU BaKCUHALUU

e U n3kiroueH u3BecTeH T-KIeThbUeH ASPEKT

Cro0IIaBaHuTe 0 TO3M MOMEHT KIMHHYHU H3sIBH Ha celieKTuBHUSA UrM pedunur BrIrouBaT MH()EKIUU Ha
TOPHHUTE IUXATCIHU MBTHINA, OTUTUC MEJAWS, CHHY3UT, OPOHXHT, THEBMOHUS, aJCpPTUYCH PUHUT, aJlCpTHYHA
acTMa, aTOMUYeH JepMaTUT, aHAQUIIKCHS, AUAPUS], YePHOAPOOHM abCUeCH, XOJaHTHT, XPOHUYHA MOHUIINA3a,
CETNCHUC, MCHUHTHUT, (GUOPOMUANTHSI, Baphileia 30cTep WHOEKIHs, UMIIETUTO, MUeToHe(PUT. ABTOUMYHHHTE
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https://mediately.co/bg/icd/D50-D89/set/D80-D89/cls/D80.4/selektiven-deficit-na-imunoglobulin-m-igm

3a00/s1BaHUs KAaTO U3sgBa Ha 3a00JIIBAHETO YECTO Ca CUCTEMEH Jynmyc €pureMarTo3yc, peBMAaTOUACH apTpUT,
TAPCOUAUT Ha XaIIII/IMOTO, ABTOUMYHHAa XCMOJIUTUYHA aHCMUA, OoylecT Ha KpOH, TIIYTCHOBA CHTCpONATHA,
BUTHIINTO, TOJMMHO3HUT, AaBTOMMYHEH TJOMEpyJIoHeppHUT, WMyHHa TpoMOomuTonenus. Haii-uecture
WHGPEKINO3HY TIPUIMHATENHN ca S. aureus, P. aeruginosa, S. pneumoniae, N. meningitides, H. influenzae u np.

B T HayYHH HY6HI/IKaLII/II/I OT TMOCICAHUTEC TICT TIOAMHHU U IIPUIIOKCHA
oubnuorpadcka crpaBka

Edgar, D., and S. Ehl. "ESID Registry-Working definitions for clinical diagnosis of PID, 2014."

Bousfiha AA, Jeddane L, Ailal F, Al Herz W, Conley ME, Cunningham-Rundles C,Etzioni A, Fischer A, Franco
JL, Geha RS, Hammarstrom L, Nonoyama S, Ochs HD, Roifman CM, Seger R, Tang ML, Puck JM, Chapel H,
Notarangelo LD, Casanova JL. A phenotypic approach for IUIS PID classification and diagnosis: guidelines for
clinicians at the bedside. J Clin Immunol. 2013 Aug;33(6):1078-87.

AJIrOpUTMH 32 JTMarHOCTUIIMpPaHE Ha 3a00JIIBaHETO

C mes TMarHOCTUKA Ha MbPBUYHUTE UMYHHH JIE(QLUUUTH C MPEoJiaJiaBalll aHTUTSIOB Ae(eKT Npu Bb3PACTHU €
MIPENOPBUUTETHO IPUABPKAHE KbM JITOPUTHMA, MIPEATIOKEH 0T MeXTyHapOoIHHUS ChI03 HAa UMYHOJIOTHIHUTE
npyxkecta (IUIS), xoliTo e mpencraBeH Ha Qurypara mo-moiy. M3mon3BaHu chKapameHus Ab: AHTHTSIIO;
Anti PPS: AHTH-TTHeBMOKOKOBH ToNn3axapuand anturena: AR: ABTozomMHO perecuBHO yHaciensBane; CD:
Kiperep ma mudepennmanus; CVID: O6m BapuabmireH umyHeH aedunut, CT: Kommrorepra ToMorpadms;
Dip: Hudrepus; FCM: Ilpu mammume ¢noymutomerpust; GI: Tactpo-maTectnnamau; Hib: Haemophilus
influenzae cepotun b; Hx: anamuesa; Ig: umynornooynun; subcl: IgG cybkiac; Tet: Tetanyc; XL: X-cBbp3aHo
yHacnensBane. durypata e ot cieqnarta myoaukaus: Bousfiha AA, Jeddane L, Ailal F, Al Herz W, Conley
ME, Cunningham-Rundles C,Etzioni A, Fischer A, Franco JL, Geha RS, Hammarstrom L, Nonoyama S, Ochs
HD, Roifman CM, Seger R, Tang ML, Puck JM, Chapel H, Notarangelo LD, Casanova JL. A phenotypic
approach for IUIS PID classification and diagnosis: guidelines for clinicians at the bedside. J Clin Immunol.
2013 Aug;33(6):1078-87.

| lIl. Predominantly antibody deficiencies |

‘ Recurrent bacterial infections eg : Otitis, pneumonia, sinusitis, diarrhea, sepsis ‘
| |

l Serum Immunoglobulin Assays : 1gG, IgA, IgM ‘
| | | | [ | [ |

‘ 1gG, IgA and/or IgM ¥ ¥ ‘ 1gG and IgAW and normal IgAV Normal
I or increased IgM IgA,1gG,IgM
Exclude 2° causes: drugs [Hx], [T
myeloma [bone marrow], ‘ | Specific 1 1gG subclasses 1,2,3 levels
lymphoma / thymoma [CT]. Ig loss Healthy infant, na antibody (measure at least two)
(not hypo-lgM) in urine, Gl , or skin _nfe&j:reas’:d ba(‘i‘_cerit‘clll . responses 2 Specific antibody responses
| ‘ L \aznﬁs_.soormatl:a Lot (anti-PPS (anti-PPS antibodies and
D antibodies and Tet/dip/hib)
B Lymphocyte (CD19+) Transient hypogamma- Tet/Dip/Hib +/-
enumeration FCM* globulinemia of infancy reimmunisation)
‘ | | | Normal | Low g6l & Only 1gG2
| CD19* absent | | CD19* >1 % | Interstitial pneumaonia, +/= - N'EG 2| is Low
| opportunistic infections Selective il
P Only IgG1 1gG1 &
X-Linked no yes ToA is Low 1gG2 are
Agammaglobu- —‘—F P
linaemia (87K) Common Variable IgA with Doubtful
Less common AR XL, s ific Ab oul
oy Peciric clinically
Rare AR Immunodeficiency hyper=IgM CD40L . e
Agammaglobulinae ) disorders, with (€DIOLG) deficiency significance
mias: deficiencies of ) lymphoid B
3 . Check specific ifi
p heavy chain (IGHM), hyperplasia: or tibod Specific
lgar+ (€D794), Igi+ Very rare AR disorders: AID def cl Bogbgu'l‘iﬁ‘:i::fes Ab
(CO796), AS* {iGLL1), ICOS*, €019+, (arcpay, significance deficiency
BLNK * (BLNK), P85 . . UNG def (UNG), AR,
subunit of PI3K CDE1Y, CD20%, CD21, Others (unknown CDA40 * Check IgG in!
(PIK3R1) LRBA genes) (cp40) eck IgG again |




B T.u. HayyHu mnyOJuKalMu OT TMOCIACIHHTE TeT TOAMHH | MPHUIOKEHA
oubnuorpadcka crpaBka

Bousfiha AA, Jeddane L, Ailal F, Al Herz W, Conley ME, Cunningham-Rundles C,Etzioni A, Fischer A, Franco
JL, Geha RS, Hammarstrdom L, Nonoyama S, Ochs HD, Roifman CM, Seger R, Tang ML, Puck JM, Chapel H,
Notarangelo LD, Casanova JL. A phenotypic approach for IUIS PID classification and diagnosis: guidelines for
clinicians at the bedside. J Clin Immunol. 2013 Aug;33(6):1078-87.

AJITOpUTMH 3a JICYCHHE Ha 3a00JIsIBAHETO

CuMITOMaTHYHUTE MALMEHTH ChC celekTBeH WUrM nedumur ca xanaunatu 3a nedenne ¢ MrM oGorarenn
UMYHOTJIOOYIHMHOBH IIpenapaTH, KOMTO 00ade KbM MOMEHTa C€ IIPWIaraT caMo B YCIIOBHSTa Ha KIMHUYHU
npoyduBaHus. B otnennu cinydan koHBeHnnoHanHute Url™ mpemapatu cpiio mMorar aa 6b1at oT Hoix3a 0coOeHo B
IPY 0COOEHO TEXXKH MOBTAPAIIN ce MH(EKIMH MIIN CHCTEMHHU aBTOMMYHHH 3200/ IABaHHA.

B Tu. Hay4YHH HY6HI/IK3HI/II/I OT TMOCICAHUTE TICT TIOAMHHU U IIPHUIIOKCHA

Louis, Ankmalika Gupta, and Sudhir Gupta. "Primary selective IgM deficiency: an ignored
immunodeficiency." Clinical reviews in allergy & immunology 46.2 (2014): 104-111.

Gupta, Sudhir, and Ankmalika Gupta. "Selective igM Deficiency—An Underestimated Primary
immunodeficiency.” Frontiers in immunology 8 (2017): 1056.

AJ'II‘OpI/ITMI/I 3a IPOCJICASAIBAHC HA 3a00JIIBAHETO

[IpemopbuBa ce CTPOro mpocieasBaHe Ha MAIUCHTUTE 32 HAJTMYHE HA aBTOUMYHHHU, aJIepTUIHHA U UH(EKIIMO3HU
YCIIO)KHEHHMSI TTOHE BEJHBX Ha TpU Mecela. [Ipu Hanuyue Ha TakuBa CieiBa Jia ce MpeArnpueMe He3abaBHO
crenu()UIHO MaTOTCHETUYHO JieueHHe. OCOOCHO BHUMAaHUE CJIe/[Ba J1a Ce OObPHE B CIIyYanuTe Ha MEPCUCTHpAIa
J'II/IM(baIleHOMeFaHI/IH U OpUu HYyXJa Ja C€ HU3BHpIIBA 6I/IOHCI/IH nopaan HM3BCCTHUTE Cllydand Ha J'II/IM(i)OI/I,Z[HI/I
HEOIUIa3uK MPH TE3W MAIMCHTH, KAKTO U Ha MHKOIUIa3MeHH MH(peKiuu. B moBedeTo ciydan Ha CEJICKTHBECH
UrM pedunuT aHTUTAIOBUTE BAKCUHAIIHM OTTOBOPH Ca 3alla3eHH, Taka Y€ MPUIIOKEHHUETO HA THEBMOKOKOBU U
TPUITHU BAaKCHHU MPU OTCHhCTBHE HA CHIIECTBEHA aBTOMMYHHA KOMIIOHEHTa MOJXe Ja ca oT moji3a. OCBeH ToBa
UMa eJIMHUYHY CHOOIICHUS, Ye TPH HAJUYKEe HA TIYyTEHOBA €HTEPOINATHS, CIIa3BaHETO Ha CTpora Oe3riayTeHoBa
JIeTa MOXe 3HAYMTENHO Aa Moa00pu HuBara Ha UrM.

B T.4. HayyHu nyOduKanMM OT TMOCJIEAHMTE TMeT TOJMHH U MPHUIOKEHA
6ubnmorpadcka cnpaBka

Louis, Ankmalika Gupta, and Sudhir Gupta. "Primary selective IgM deficiency: an ignored
immunodeficiency." Clinical reviews in allergy & immunology 46.2 (2014): 104-111.

Gupta, Sudhir, and Ankmalika Gupta. "Selective igM Deficiency—An Underestimated Primary
immunodeficiency." Frontiers in immunology 8 (2017): 1056.

ANrOpyUTMH 3a pexabuauTalnus Ha 3a00JIsIBAHETO

IIpemopruBa ce oka3BaHe HA IICHXOCOIMANIHA ITOMOII Ha 3aCETHATUTE WHIMBHIM Ype3 TOYHO OOSCHEHHWE Ha
€CTECTBOTO Ha 3a00JIIBAHETO, €CTECTBEHHUS MY XOJ, PHCKa OT YCIIO)KHEHHS, BH3MOXKHOCTHTE 3a TEPAIEeBTUYHO
TOBIIMSIBaHE M Mporro3ata. Heo6xommumo e 0bp30TO HaCOYBaHE HA MAMEHTHTE KbM MPOGMIIHHU CIICIIUATUCTH TIPH
JIaHHM 32 CTIelM(UIHI METUIIMHCKH IPOOJIEMH, CBbP3aHH C OCHOBHUS UMYHEH JE(UILINT.

B T.4. HayyHu nyOJMKanMM OT TMOCJIEIHUTE TMeT TOJMHH U MPHUIOKEHA
o6ubnmorpadcka cnpaBka

Louis, Ankmalika Gupta, and Sudhir Gupta. "Primary selective IgM deficiency: an ignored
immunodeficiency.” Clinical reviews in allergy & immunology 46.2 (2014): 104-111.

Gupta, Sudhir, and Ankmalika Gupta. "Selective igM Deficiency—An Underestimated Primary
immunodeficiency." Frontiers in immunology 8 (2017): 1056.

HeoOxomumu geiinoctd  3a mpoduiiakThKa Ha 3aboisBaHeTo (ako TaKWBa ca
MIPUITOKUMH)




Hopam/l HeSICHUTE TeHeTHIH! OCHOBH Ha 3a00JIIBaHETO He € BB3MOJKHO M3BBPLIBAHE Ha T€HETUYCH CKPUHI Ha
ONMM3KU POACTBEHUIIN HA 3aC€THATUTE NMallUCHTU. BB Bceku cirydan obade e HeOOXOUMO CHEMaHe Ha HacodeHa
(paMI/IJ'IHa aHaMHe€3a 1 IO BB3MOJKHOCT Pa3IIMPEHO H3CJCJBaHE 3a HMBA Ha I/IMyHOI‘J'I06yJ'H/IHI/I U €BEHTYaJlHO
KJIEThYCH UMYHEH CTaTyC.

B rT.u. HayYHHU HY6J'II/IKaLII/II/I OT TMOCICAHUTE MNET TOAWHU W TIPUIIOKEHA
ouobmuorpadcka crpaBka

Louis, Ankmalika Gupta, and Sudhir Gupta. "Primary selective IgM deficiency: an ignored
immunodeficiency." Clinical reviews in allergy & immunology 46.2 (2014): 104-111.

Gupta, Sudhir, and Ankmalika Gupta. "Selective igM Deficiency—An Underestimated Primary
immunodeficiency." Frontiers in immunology 8 (2017): 1056.

[MpennoskeHus: 3a OpraHu3alKsl HA MEIUIIMHCKOTO OOCTy)KBaHE Ha MAlUEHTUTE U 3a
(¢vHaHCHpaHe Ha CBOTBETHUTE AEHHOCTH, ChOOpa3eHH ¢ [eiicTBaliaTa B CTpaHaTa
HOpMAaTuBHA ypeada

Jleuennero Ha manuentu c¢ gokasaHu I[IW]/] - meua u Bb3pactHu, ce nokpua or H30K no KnmHuyHa mbTeka,
BKJIFOUGHA B MakeTa AeifHocTu, rapantupaH oT Oromkera Ha H3OK. Cnopen Hac e HeobOxoanMa peBU3Hs Ha
3BeHaTa, KOUTO MOTAaT Ja W3BBPIIBAT OeifHOCTTa IO Ta3W IbTeKa MOpaild XeTepOTeHHOCTTa Ha KIMHUIHATA
kaptuHa Ha [IM]JI. JlekapcTBeHu mpoaykTH 3a V3BBHOOIHMYHOTO 3aMECTUTETHO JIeUeHHe Ha MalUeHTUTe ¢
HACIICICTBEHN WMYHO(QEAWUIIUTH ce ocurypsBa mo wu3nckBaHusd Ha H3OK ¢ mpoTokomnm Ha KOMHCHHU OT
cnenmanucty. [IpeaBmkaa ce a ce MOBUMM WHYOPMUPAHOCTTA Ha OOIIECTBOTO M MeIUIIMHCKATa OOIIHOCT U Ja
ce TIOBWIIM BHUMAaHUETO Ha MpPaBUTENCTBCTBeHU cTpyKTypu M H3OK kbM ImBpBUYHNTE UMYHHU AeQULUTH 3a
cemectByBaHero Ha [TM]] ¢ ormen pa3paboTBaHe Ha Mporpama 3a TMpOQIIAKTHIHO H3CJcIBaHEe Ha MMYHHAaTa
crcTeMa B Pa3iMIHU BH3PACcTOBU MEPHUOAN CBBP3aHU CHC CH3PABAHETO M OCTapsIBaHETO Ha MMYHHATa CHCTEMa.
Ch3maBaHe Ha KIMHIYHY MPOLEAYPH 3a BUCOKO-CIIeuamu3npana nuarnoctuka Ha [TN]1, ¢ mpoxsmxutenHoct 12
Io 24 4gaca, u Ha mo-Hucka neHa ot KII. Te Ouxa mokpuiau yabopaTopHUTe U3cleABaHUs, HEOOXOAMMHM 3a
MIPOTOKOJIA 3a 3aMECTUTETHA Tepamnus B N3BBHOOTHIIHATA ITOMOI, KOeTo O HaMalliIO Pa3XoauTe 3a OONHUYHA
TIOMOIII.

Onmcanne Ha omMTa ¢ KOHKPETHU MAaIIeHTH ChC CHOTBETHOTO PsIKO 3aboisBaHe (aKo
1Ma TaKbB)

[IepBuAT mammeHT cbe cenekTHBeH IgM mepummT y Hac Oeme aumarHocTuiyipaH B OTneneHue II0
xematonorus Ha YMBAJI ,,Codpusimen” mopaay TaHHM 3a Te)KKa aBTOUMYHHA XEMOJTUTHIHA aHEeMUs, CMECeH
tun 1 HuBo Ha UM ot 0.3 /1. ChCcTOSIHHETO ce OBNalsl ¢ CPeAHHU 03U METHIIIPEIHN30II0H ¢ ITOCIeIBAIIOo
TIOCTeINleHHO crupaHe. [Ipm mammeHTa ce MoKa3za M OeTa-XeTepO3WTOHA TajaceMWs, KaKTO W OOWKHOBEH
Icopuasic M THPEoAWT Ha XammMmoTo (XxumotupomnaHa asa). [lopamm maHHM 3a TepcucHTHpania
mM(aneHOMeTaInsl TIPH MAIeHThT ¢ NpOoBeXXIaHa OMOIcHs Hpenn 3 TOXMHM ¢ JaHHU 3a Hecllelu(pUYcH
miMmdanernt. B mMomenta HuBata Ha UrM mpu mammenTa ca 0.4 1/m BpaThT Ha mammeHTa CBIO € C
XeTepo3UTOTHA OeTa-TajJaceMus M ¢ aHaMHe3a 3a MIPeXUBSIH eMINeM Ha IuleBpaTa Ha 15 roaummHa Bb3pact. B
MOMeMHTa HeroBoTo HMBO Ha UTM e 0.5 r/n. W nBamaTa maImieHTH ce MpocieisBaT akTHBHO B KaGuHeT 1mo
umyHomnorus n Kaburet mo xemaronorus keM JKL ,,.Codpusamen”.




EMMAEMUOAOTUA

PETUCTBHBP HA IbPBUYHHUTE UMYHHHU JE®UIIUTHU B BBJITAPUA
U CBb3JABAHE HA EKCIIEPTHHU HEHTPOBE
E. Haymoea, M. Banesa, M. Mypoocesa, H. I ewesa

REGISTER OF PRIMARY IMMUNE DEFICIENCIES IN BULGARIA
AND PROMOTION OF EXPERT CENTERS
E. Naumova, M. Baleva, M. Murdjeva, N. Gesheva

((Pestome. ITopsunume umynnu deduyumu (ITHJ]) ca pedku epodenu zenemuuno-o6ycrosenu sabossanus. Ilpes nocxze()Hum)
10 2. Bvaeapckama acoyuayus no knunuyHa umyronoaus (BAKH) cvzoade Pecucmvp na mesu 3a001s16anus, paspabomu aneopummu
3a MAXHAMA OUAZHO3A U ledeHle, 3aN0UHa cb3dasanemo na Excnepmuu yenmpoge no mosu npoonem.

Summary. Primary immune deficiencies (PID) are rare diseases with genetic etiology. During the last 10 years the Bulgarian
association of clinical immunology (BACI) developed a Register of these diseases, algorhythms for their diagnosis and treatment
and initiated the development of Expert centers for this problem.

Q(ey words: Primary immune deficiencies, register, expert centers

E}IHa OT IIaBHUTE 33/1a4k Ha bbnrapckara Aconumanust o Kiu-
nnyHa umyHouorus (BAKW) ot camoto 11 ocHoBaBane mipe3 2005
I. € 1a TOBHUIIY BHUMAHUETO Ha MEJUIIMHCKHUTE CIIENUAINCTH (00-
LIONPAKTHKYBAIX JIEKapH, XeMaTOJI03H, MeANaTPH, KINHUYHU
WMYHOJIO3H, OTOJIAPHHTOJIO3H, AJIEPTOJIO3H, TeHETHIIN ), IMPOKaTa
00IIECTBEHOCT, MPABUTEICTBEHUTE CTPYKTYPH, MAIEHTCKUTE
opranuzaiuu 1 H30K KbM II'bpBUYHHTE UMYHHU AePULINTH
(TIN[). OcHoBHa XapaKTEpUCTHKA HA TE3H BPOACHHN TeHETUYHH
3a00JIBaHMS € HAIMYMETO Ha e(eKTH B MIMyHHATa CHCTEMA,
BCJIE[ICTBHE Ha KOETO Ce HAaOMII0aBaT YeCTH, PELUIUBUPALIH, XPO-
HUYHN UH(EKIINH, aBTOUMYHHH M OHKOJIOTHYHH 3a00JIIBaHYS, a
nipu HacneacTeeHus anrnoeneM (HAE) — otorm B pazimmyaay yacTi
Ha TSJIOTO, KOUTO HAMAT ajJlepriuyHa WK aBTOMMYHHA I'eHesa.

Hcropuyecku AaHHU

[IspBusT cry4ait va [TU]] B benrapus (20 rogumieH Mbx
¢ Hag 50 MHEBMOHUM) € CHOOIIEH OT TTOBIUBCKUS MEIUATHD —
npod. Barmmapos npe3 1965 r. ChCTOSHUETO € OIUCAHO KaTo
JicTaMarno0yIinHEeMus ¢ urca Ha cepyMHU UrA u UM mpu
Hamainenu UrT.

IIspBoTO HabMONEeHKe Ha HachencTBeH anrnoeneM (HAE)
B bearapus e vanpasero ot npod. b. boxxkos, mpog. I1. Kupues
u 1-p U. Bnagumupos npe3 1973 1. u e npencraseno Ha Il Harmo-
HaJIeH KOHI'peC 10 oTopuHonapuHronorus B [1nosnus npe3 1975
r. [1,2].

W3cnenBaHeTo Ha Ma3MeHaTa KOHIEHTpanusa u QyH-
KUMoHaHaTa akTuBHOCT Ha C1-nHXMOHMTOpA € BhBeeHO B bhiI-
rapus ot mpod. Mapra banesa u nor. Kpacumup Hukosos mipes
1981 1., koeto mo3BoM peHoTunmM3anusATa Ha 6omauTe oT HAE.
[NoBeueTo OT M3CNEBAHUTE MALMEHTH Ca C KOJIMYECTBEH Je(DHITUT
Ha Cl-nnaxuburopa (HAE I Tum) u Manka 9acT OT MarueHTHTe
¢ xagectBeH nepunut Ha Cl-maxudutopa (HAE II Tum).

KoM 1993 1. ca ortucanu 72 dhamumuu ¢ 1238 wiiena, 283
ot xourto 6oxan oT HAE [3]. M3BBpiIcHH ca IMYHOIIOTHYHH H
reHeTnaHU npoyuBanus Ha 6oauTe ¢ HAE ot mpog. b. Boxkos,
npod. M. banesa, npod. U. Kpemencku, npod. B. ['anes, nom.
A. Cagos, nou. K. Hukonos, 1-p M. Yrepuutncku u goi. M. Cra-
eBcka B MY — Codus [4, 5, 6,7, 12].

IIpe3 1997 r. e auarHocTULIMPaH IEPBUAT CIy4ail y Hac
¢ o061 BapuabmiieH umyHeH neunut (Common variable im-
munodeficiency-CVID) ot npo¢. E. Haymosa nipu 5 1-rogumaa
JKE€Ha C XUIToraMarnoOyJMHEMHsI, YeCTH CHHOIYJIMOHAPHU HH-
(exmn, TaCTPOMHTECTHHAIHA CUMIITOMATHKA 1 XeIaTocIuie-
HOMETaJHs.

IIpe3 2005 r. Brarapus ce BriIoYBa B T.Hap. J project 3a
MU, xoopaumaupan ot npod. Jlacnmo Mapoau ot [Jebperen,
VYHrapus.
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BAKMH cpBMECTHO ¢ IpyTH OpraHu3aIiiy € Ouiia JOMaKuH
Ha YeTHpu pabOTHU CPELIH 110 MPoeKTa, nposeneHn B Codus,
uros gapk, CrbHUEB OpsT, 3MaTHU MSCHIHN. [ 0OCT-TIeKTOpH Os1Xa
mpod. JI. Mapoxu ot Yarapus, npod K. Baprai ot 'epmanus
u a-p K. Iukapn ot @panuusi.

AxtuBHoctTa Ha BAKU otHOCHO TT1/] € cBbp3aHa u ¢
ydacTHsATa Ha ObITapCKUTE IMYHOJIO3H B HHUIMATHBUTE Ha H-
cTUTYyTa 10 penky bonecty B [IoBaus. BrirtouBaneto upes tasu
OpraHmu3anys Ha TUIOBAWBCKH UMYHOIO3H U CIICITHAIACTH IO
penku 6osectu B padoraara mpeka 3a HAE (HAENETWORK
project) mpe3 nepuona 2005-2008 r., mo3posnu 100pu mpode-
CHOHAJTHA KOHTAKTH ¢ mipod. XeHnpuera Dapkac oT YHTapCcKus
LIEHTHP TI0 HACIENCTBEH aHrnoeAeM npu MHcTuTyTa ,,3eMenBaiic”
B bynanema.

B pamxute Ha HanmonamawuTe KOH(MEPEHINH 110 PEAKH
6onectu B [TnoBaus mpe3 2009-2015 1. 6s1xa OpraHU3UpaHH 110-
penuna ot paboTHU cpeny u Kpbriiu macu Ha BAKU 3a TTH/T.

[pe3 centemBpu 2012 1. Ha 3-Ta HanmonanmHa koHpe-
peHLyst 1o peaku donectu, B [1oBauB, ce 00ChANXa BE3MOXK-
HOCTHUTE 3a usrpaxaane Ha Excrnieprau nentpose 3a [IU]] B
CTpaHara.

Cwb3nagoxa ce ¥ nauueHTckuTe opranusanuu 3a HAE (c
npexacenaren Mopnanka [asnosa) n OO BapnabuiieH UMyHEH
neunut (¢ npeacenaren orery Cronn JlazapoB), umiito mpen-
CTaBHTENHN Y4acTBaT aKTHBHO BbB BCHUIKH MEPOTIPHATHS, CBBP3aHH
c [N A.

[Ipe3 2010 1. ce cp3mane Harmonanxa paboTHa rpyma 3a
[N ]I v ce pa3paboTrxa aITOPUTMH 3a TUATHOCTHKA K JICUCHHE
Ha ocHoBHute TTHU/I.

Cr3aaze ce U ce akTyannsupa nepuoandao Harmonanen
peructwp 3a [1TU]] (Tadonuua 1).

Jleuenueto Ha nanentu ¢ qokazanu [11]J] — neua u Bb3-
pactHH, ce punancupa upe3 H30K mo Knuamuna metexa 306
(ot 2016 1. — Kimuawnuna mereka 110), paspadborena ot rpymna
OBsirapcku nMyHouo3u 1 nexuarpu ot Codust u [1nosaus u yr-
BbpaeHa ¢ [loctanosnenue Ne 5 va M3 ot 10.01. 2013 . [8].

V3BbHOOTHUYHOTO 3aMECTUTENHO JICUCHHE HA MAlIUEHTUTE
C HACJIICTBEHN UMYHOE(QUIIUTH C€ OCUTYPSBa 110 M3UCKBAHUS
Ha H30K ¢ mpoTtokomu Ha Komucuu oT crienraircti. OO0IIo mo
KJIMHUYHATA ITFTEKA ¥ B N3BHHOOTHIYHATA [TOMOIII ca 00XBaHATH
40 mauueHTa.

Wsrpanenu ca 1Ba excieptau LeHtbpa 3a [INJ1 B YMBAJI
»Anexcaaaposcka” 1 YMBAIJI ,,Cs. ['eopru” — ITnosaus [9].
Excniepraust nentsp B YMBAJL ,, AnekcanipoBcka” — Codust
€ 9acT OT HallMOHAJHAaTa pehepeHTHa Mpeka Ha IIEHTPOBETE 3a
penku OOJIECTH U € YTBBPICH C pelieHne Ha MUHICTEPCTBO Ha
3[paBeOIa3BaHeTo.
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Perynsprao ce myOnuMKyBar JaHHU 33 PEAKN KIMHUYHU
HaoOroneHus u geuenne Ha [TUJT [10-15, 17]

BrBene ce 00yueHNe HA TANIMEHTH U POJUTEIH 32 MPO-
BeXK/IaHE Ha Teparus che CyOKyTaHeH ramMarioOyiiH B Kimmankara
1o reanarpus U B KnmHukara no KIMHUYHA IMyHOJIOTHSA — Y M-
BAJI,,Anexcannposcka” B Co¢ust, kakro 1 B KimHukara o me-
nuarpus Ha YMBAJL ,,Cs. I'eopru” [1noBaus.

AHTaXUpaHOCTTa Ha 00I1ecTBOTO 3a Kay3ara [T1]] ce
MOBHINIABA YPE3 OPraHU3UPAHUTE MPECKOH(EPCHIIUU B MEITHU-
OUHCKUTE yHUBepcuTeTH u OomHummte B Codus, [LnoBaus u
ITneBen Besika rofpHa Ha 29 anpui 1 1o BpeMe Ha Mex tyHapomHa
HMMYHOJIOTHYHA ceMULIA, TocBeTeHa Ha [T /1, kosito ce mpoBexaa
CBIIO B Kpast HA M. allpuIL.

IIpe3 2015 . B YMBAIJI ,,Anekcanaposcka” — Codust ce
peructpupa [lerTsp 3a 00yuenue Ha manuentu ¢ [TU]] Tun
»xeppu Mozenc” ¢ pproBoauten mpod. n-p E. Haymosa.

IIpe3 anpun 2016 1. B nounBHAaTa 6a3a Ha MY — [1moBnuB
B LluroB wapk ce mpoBejic IBPBOTO 3a CTpaHaTa OOydYCHHUE 3a
[N /] Ha BB3paCTHHU MAIIMEHTH C Te3HU 3a00siBaHms. CrieruaneH
aKIIEHT C€ MOCTAaBU Ha MPUIOKEHUETO Ha 3aMECTUTETHA TePATIHs
C MHTPABEHO3HHU U CyOKyTaHHU HIMYHOIIIOOYTMHU. OpraHu3aropu
Ha cbBMecTHara unnnuarusa 0sxa BAKU, MY — ITnosaus u
Excrnepraust uentsp 3a [IN]1 B Codust.

Tadnnua 1. Pecucmvp na nayuenmume c I11J] ¢ bvacapus

Bpoli nayueHmu

AuazHoza — 164

HAE (Hereditary angioedema) 77

CVID (Common variable immune deficiency) 22

XLA (X-linked agammaglobulinemia) 4

w

Transient hypogammaglobulinemia
Selective IgA deficiency
Hypogammaglobulinemia

Hyper-IgE syndrome (Job’s syndrome)
Omenn’s syndrome

SCID (Severe combined immune deficiency)
MHC class Il deficiency

Predominant T-cell deficiency
22g11.2deletion syndrome

Ataxia telangiectasia

Nijmegen breakage syndrome

CGD (Chronic granulomatous disease)
LAD (Leucocyte adhesion deficiency)

ALPS (Autoimmune lymphoproliferative syndrome)

PFAPA syndrome (periodic fevers with aphthous|
stomatitis, pharyngitis and adenitis)

CHARGE cuHapom

[
SN

NI W (RN WwOuu|RR(NINR D

Apyru

IIpeacToAny HHUITAATHBU

Braemure 3amaun Ha BAKU 3a mogoOpsiBane Ha quar-
HOCTHKaTa U Tepanusara Ha [1I1]] ca:

» BpBexkiaHe Ha CKPUHHHT Iporpama IpH HOBOPOe-
nure (TREC screening) 3a texxxn nmynan nedumuru (SCID)
n T-xnerpuHa MUMQONEHHUS.

» BeBexknaHe Ha peMMOYpPCHPAaHETO Ha JIPYTH CKbBIIO-
CTpYBAIlX METMKAMEHTH 3a 3aMecTUTeNHa Tepanus Ha [TN]] —
Hanp. uaTephepon-rama u GM-CSF.

» Cp31aBaHe Ha KIMHUYHH NPOLEAYPHU 3a BUCOKO-CIIE-

AsTOpU

ENMAEMUOAOTUA

Ua3UpanHa JuarHocTuka u gedenue Ha [TNJ1, ¢ mponbmku-
TenHocT 12 1o 24 yaca, ¥ Ha IO-HUCKA I[€HA OT KIMHAYHATA
mpTeKka. Te Ouxa MoKpwin J1abopaTOpHUTE W3CIICIBaHUS, He-
00XOmMMH 3a TPOTOKOJIA 332 3aMECTUTEIHA TEPANHs B U3BHH-
0oIHHUYHATA TIOMOILL; TPOCIIEASIBAHETO U 00Y4EHHETO Ha Iaru-
EHTUTE, KOUTO PEaIHO C€ M3BbpIIBAaT B OOJHMYHATA, a HE B
n3BbHOONMHNYHATA cpena. [lomoOHa neffHOCT chInecTByBa 3a
MAIMEHTH ¢ XeMO(YUINU U TAJTACEMHH.

» Peructpupane Ha excriepTHu eHTpoBe 3a [IN]] u cb3-
nmaBaHe Ha pedepentHa Mpexa 3a [TN]] cermacao HAPEIBA
Ne 16 na M3 ot 30 1o 2014 1. [16].

» Cpo0OpassiBaHe C IMONUTHKATa Ha TPAHCTPaHHYHO HALMO-
HAJHO CHTpyIHIYecTBO criopen Jupexrsa 2011/24/EC 3a mpaBara
Ha NMALEeHTHTE MPH TPAHCTPAHUYHO 3[IPABHO OOCITY>KBaHE.

3akArouenue

[TepBUYHKTE MIMYHHU Ie(DULIUTH ca PeIKH 3a00NsIBaHMs.
Hocera B beirapus ca peructpupanu 164 nanyeHTa, KO€To O3Ha-
yaga yecrora 2/100 000. Karo ce B3eme npensu, ue UrA nedu-
UTHT € ¢ yectora 1/500, a oOmmsT BaprabmieH UMyHEH aehu-
T ce cpera cpexHo 1/30000, Moxke 1a ce HallpaBH 3aKITIOUCHIE,
Ye ¥Ma ToJIIM MIPOLICHT HeTMarHOCTUIINPAHH CITy4aH, a CIei0Ba-
TEJIHO U HelleKyBaHu. ETo 3a110 € Heo0XoquMo aKTHBHO B3aUMO-
JIEHCTBHE C IPYTUTE MEAULIUHCKH PY>KECTBA, CAPYKEHNE Ha 00-
monpaktukyBammre gekapu, H30K, M3 u apyru opranusaniu
C OIVIE/l OCUTYpsIBaHE Ha JOCTBII 10 paHHA U aJIeKBaTHA TUAarH03a
W JICYEHNE HA JIeTA ¥ Bb3PACTHH C IbPBHYHN IMYHHH JCPUINATH.
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Human serum immunoglobulin
concentrations: Prevalence of

immunoglobulin deficiencies
James T. Cassidy, M.D., and Gordon L. Nordby, Ph.D. Ann Arbor, Mich.

Classical antibody deficiency syndromes, such as sex-linked agammaglobulinemia, are
rare and relatively homogeneous in presentation. In the present investigation an un-
selected group of 3,213 individuals from a community health study was examined in
an attempt to estimate the prevalence of the commoner and largely unclassified
examples of immunoglobulin deficiencies defined by the lower 2.5 per cent of the
population. The prevalence of selective IgA deficiency (an isolated absence of IgAd)
was 0.097 per cent and that for selective IgM deficiency was 0.03 per cent. No iso-
lated absence of I1gG was found. In addition to these deficiency syndromes, concentra-
tions of each of the immunoglobulins were found to be highly correlated to each other.

Defective immunologic surveillance as a consequence of immune defi-
ciency is thought to play a central role in the pathogenesis of many diseases.®
Although immunodeficiencies may be more common than would be expected,?
interpretation of the comparative frequency of the antibody deficiency syndromes
in disease states depends upon a firm knowledge of their prevalence in the general
population. In the present study data on immunoglobulin concentrations in 3,213
unselected persons from a single community have been examined for the preva-
lence of immunoglobulin deficiencies and for interrelationships between immun-
oglobulin classes. Data on the International Reference Standard have been in-
cluded so that studies of individuals with specific diseases can be compared to
these values in order to determine the significance, if any, of a postulated finding
of immunoglobulin deficiency.

MATERIALS AND METHODS
Study group

A total of 3,213 consecutive sera were obtained in a community health study in Tecumseh,
Michigan (42° N. latitude, 83° W. longitude) from May, 1968, to April, 1969. All individuals
were of the white race. Sera were divided aseptically into aliquots and stored at 4° C.; they
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TABLE I. Means and bounds of the 2.5 per cent extremes of the age-corrected serum
immunoglobulin concentration distribution

Mailes Females
Lower Mean Upper Lower Mean Upper
Immunoglobulin | (mg./ml.) (mg./ml.} (mg.fml.) {mg. /mi.) (mg. /ml.} {mg./ ml.)
TgA 0.55 1.64 4.86 0.58 1.53 4.05
IgG 6.32 1137 19.76 6.42 11.45 20.43
IgM 0.23 0.74 2.34 0.32 1.02 3.28

TABLE H. Classification of patterns of serum immunoglebulin concentrations at the 2.5
per cent level distributed by age for males

Frequencies by age group in years {range/mean)

Serum concentration Total cases :
4-16 16-32 | 32-40 | 41-46 | 46-56 | 56-87

igh | 1gG | igm No. | % 12 23 a7 43 51 66
N L L 8 0.52 3 1 2 1 1 0
L N L 1 0.07 0 0 0 0 1 0
N N L 30 1.97 7 3 7 2 7 4
L L N 5 0.33 2 0 1 0 0 2
N L N 39 2.56 9 4 9 5 5 7
L N N 23 1.51 6 7 2 1 3 4
N N N 1,341 87.9 218 224 220 233 222 224
H N N 20 1.31 2 2 6 4 4 2
N H N 20 1.31 6 5 2 1 1 5
H H N 2 0.13 1 0 0 1 0 0
N N H 32 2.10 0 7 4 5 10 6
H N H 2 0.13 0 1 0 1 0 0
N o H 3 0.20 0 0 1 0 0 2
Total 1,526 254 254 254 254 254 256

L, low; N, normal; H, high.

were either assayed within a week or frozem at -70° C. until analysis. An additional 921
consecutive sera from the same study were included in estimates of the frequeney of selective
IgA deficiency.

Preparation of purified immunoglobulins and antisera

IgG was prepared from Cohn Fraction IT (American Red Cross, Bethesda, Maryland) by
diethylaminoethyl (DEAE) cellulose (Carl Schleicher & Schuell Co., Keen, New Hampshire)
chromatography with 0.0175 M phosphate buffer, pH 6.3.3 IgA was prepared from myeloma
sera by starch block electrophoresis in 0.075 M barbital buffer, pH 8.6,+ and Sephadex G-200
(Pharmacia, Uppsala, Sweden) filtration with T M NaCl in 0.1 M Tris-HCL buffer, pH 8.2.5
IgM was isolated from macroglobulinemic sera by plasmapheresis, euglobulin precipitation,s
and Sephadex G-200 filtration. Light chains were isolated from urines of patients with
myeloma by precipitation with 60 per cent ammoninm sulfate at 4° C. followed by gel permea-
tion chromatography on Sephadex G-100. The specificity of the isolated immunoglobulins and
light chains was monitored by double diffusion in gel” and by munoeleetmphoresxsﬂ ! :
antisera to each of the immunoglobulins and to whole sérum. Antisers prepared in rabbits
specific immunoglobulins emulsified in Freund’s complete adjuvant. -(Difco Laboratones,
Detroit, Michigan) were cross-adsorbed with purified immunoglobuling and light chains.

Preparation. of stundard sera

The purified immunoglobulins were assayed for protein nitrogen by & micro-Kjeldahl pro-
cedure,® and approximate Svedberg constants were determined by analytical ultracentrifuga-
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TABLE 1. Classification of patterns of serum immunoglobulin concentrations at the 2.5
per cent level distributed by age for females

Frequencies by age group in years (range/mean)
Serum concentration Total cases

4-17 17-32 | 32-40 | 40-46 | 46-57 | 57-92
IgA l 196G I igM No. | % 12 24 36 43 51 67
L L L 1 0.06 0 0 0 0 1 4]
N L L 1 0.06 0 0 1 0 0 0
L N L 3 0.18 1 1 0 0 0 1
N N L 24 1.42 3 5 3 2 5 6
H N L 1 0.06 0 0 1 0 0 0
L L N 5 0.30 2 0 1 1 0 1
N L N 32 1.90 5 5 5 5 7 5
L N N 39 2.31 15 2 4 4 4 10
N N N 1,478 88.1 237 249 248 250 251 243
H N N 26 1.54 6 6 5 4 3 2
L H N 1 0.06 1 0 0 0 0 0
N H N 29 1.72 6 6 2 5 4 6
H H N 3 0.18 0 0 0 1 1 1
L N H 1 0.06 0 0 0 0 1 0
N N H 36 2.13 4 7 9 7 4 5
N H H 4 0.24 0 0 1 1 0 2
H H H 3 0.18 1 0 1 1 0 0

1,687 281 281 281 281 281 282

L, low; N, normal; H, high.

tion in 0.02 M phosphate, 0.12 M NaCl, pH 7.2, to be 78°, ,, for IgG and IgA and 198°
for IgM.10 A set of working standards consisted of 4 dilutions of serum from a healthy donor
stored in aliquots at -70° C. Immunoglobulin concentrations in these standards were determined
by comparison to the purified immunoglobulin standards and to International Reference Prep-
aration 67/95.11 International units per milligram of protein were computed for IgG as 10.4,
IgA 56.4, and IgM 12.2. Antisera used in this study were compared to two commercially avail-
able preparations and produced comparable linear assays.

Quantitation of immunoglobulins in test sera

Immunoassay was performed by a modification of the radial diffusion method,12 in
0.8 per cent Tonagar No. 2 (Consolidated Laboratory, Chicago Heights, Illinois) in Tris-HCl
buffer, I' = 0.1, pH 7.2. After incubation of the plates at 4° C. for 18 to 22 hours, a period
of time determined experimentally to be within the linear relationship between area of precip-
itation and concentration of antigen, the perpendicular diameters of the precipitin rings were
measured on a micrometer stage of a microscope and averaged. Four dilutions of the standard
serum were included on each test plate. The concentration of immunoglobulin was read from
a line plotted from the standards which was valid for the following ranges: IgG 3 to 16 mg.
per milliliter, JgA 0.5 to 2.5 mg. per milliliter, and IgM 0.3 to 2.0 mg. per milliliter. High
and low immunoglobulin concentrations were verified by repeated examination. Sera with low
immunoglobulin content were reassayed by the electroimmunodiffusion method of Laurell,13
which has a lower limit of sensitivity of 0.01 mg. per milliliter. Sera with immunoglobulin
concentrations in excess of the highest standard values were diluted so that concentration could
be evaluated on the linear portion of the scale.

Reproducibility of radial immunodiffusion

The coefficient of variation for repeated measurements of a standard serum during a 2-year
period was computed with the formula 100t,, (S.D./mean) in order to obtain the 95 per
cent confidence limits for each assay. These values were +17 per cent for 1gG, +20 per cent for
IgA, and *27 per cent for IgM. Corresponding values for interplate variation during a single
day’s experiments were *10 per cent for IgG, *13 per ecent for IgA, and 16 for IgM.
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TABLE IV. Number of cases with low, normal, or high serum immunoglobulin concentrations
for each age-sex group defined by the extreme 2.5 per cent tails of the distribution

IgA IaG g
Age group I
tyr.) L | N | H L N | H L | N | H
Males: '

4-16 8 243 3 14 233 7 10 244 0
16-32 7 244 3 5 244 5 4 242 8
32-40 3 245 6 12 239 3 9 240 5
41-46 1 247 6 6 246 2 3 245 6
46-56 4 246 4 6 247 1 9 235 10
56-87 6 248 2 9 240 7 4 244 &

Females:

4-17 19 255 7 7 266 8 4 272 3
17-32 3 272 6 5 270 6 6 268 7
32-40 5 269 7 7 270 4 5 265 11
40-46 5 270 6 6 267 8 2 270 9
46-57 6 271 4 8 268 5 6 270 5
57-92 12 267 3 6 267 9 7 268 7

L, low; N, normal; H, high.

TABLE V. The range of the "'normal’ serum immunoglobulin concentrations defined by the
central 95 per cent of the distribution for each age-sex group

Age-sex group range IgA  range IgG range lgM range
{yr.) (mg. /ml.) {mg./ml.) {mg./ml.)
Male 4-16 0.30-3.26 5.33-18.92 0.24-1.72
Female 4-17 0.32-3.08 6.10-19.07 0.34-2.69
Male 16-32 0.41-4.60 6.52:19.17 0.27-2.41
Female 17-32 0.57-3.80 6.15-21.88 0.37-3.46
Male 32-40 0.68-4.71 6.22-19.84 0.24-2.58
Female 32-40 0.64-3.91 6.30-20.00 0.34-3.56
Male 41-46 0.72-4.71 6.56-18.80 0.23-2.59
Female 40-46 0.69-3.82 6.46-20.44 0.36-3.37
Male 46-56 0.59-5.76 6.63-19.70 0.23-2.43
Female 46-57 0.68-4.13 6.63-20.09 0.26-3.43
Male 56-87 0.76-5.72 6.65-21.63 0.21-2.27
Female 57-92 0.72-5.15 6.86-20.94 0.28-3.10

Statistical methods

All statistical analyses were performed on log, transformed data which represented serum
concentrations for IgG, IgA, or IgM expressed as milligrams per milliliter. As logarithmic
transformations were not possible for concentrations of 0.00 mg. per milliliter, these un-
detectable levels were considered to be 0.01 mg. per milliliter for the purposes of this study.

In order to classify the sera aceording' to immuneglobulin concentrations, the log, im-
munoglobulin values for each subject were extrapolated to values corresponding to the age
of 40 years by using regression formulas computed on the three immunoglobulin concentrations
segregated by sex.1¢+ The absence of an age efféct in the extrapolated data wes confirmed by
correlation analysis. The data sets were then categorized for each immunoglebulin into low,
normal, or high values based upon the * 1.960 S.D. percentage points whieh excluded ‘2.5
per cent of the values at each extreme of the distribution (Table I). The grouped data were
then classified into the 27 possible combinations of variations in serum immuneglobulin levels’
from hypogammaglgbulinemia to hypergammsaglobulinemia (Tables II and III). The fre-
quency data for each category were further distributed among age groups as deseribed below.



VOLUME 55 Immunoglobulin concentrations 39
NUMBER 1
%
=
-~
]
~
w
w
| -
b
S e
b . ) . L
Z o s it “\:\
T L SRR
—_ 14 [:-‘(,. )3“ .."jf‘.
z - Y ‘v. > ‘.l. .
(e0] of - y z:‘.;
=2 ARy e 2
c:a Ot & . 24
"o — > r% 0
— “Tage ] STy b
=z ~ — et et
5 o QK B AR HEE 7
=z w - *
) .
o = -
8 =™
—
~N
M
2 3 4 S6789 2 3 4 56189
o} xiot
IGA CONCENTRATION IN MG/ML
%
<
-
o«
~
©w
v
-J >
=
B -
=
Z «~ CH ‘," T
- 2R Y R hal RS
= 4/.,‘? ke
(=) R N7 Y . %
ok . ,J,'.o "
@ X - T R
€ g - : AR
= 2 g,
G e A 5T IR IS e
g .
o
Q =
2 -
=
o~
F
3 4 56789 2 3 4 561789
gt ixto!

IGA CONCENTRATION IN MG/ML

FIG. 1. Correlation plots for IgG and IgA for 1,526 males (M) and 1,687 females (F).
The ellipse describes the 95 per cent confidence limits of the analyses. Correlation coeffi-
cients and Z/S values are, respectively, 0.3765 and 15.455 for males and 0.4097 and

17.860 for females.
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FIG. 3. Correlation plots for IgM and igA for 1,526 males (M} and 1,687 females (F.
Correlation coefficients and Z/S values are, respectively, 0.1576 and 6.203 for males and
0.1589 and 6.576 for females. The partial correlation coefficient and Z/S value for IgA and
IgM with the effect of IgG removed are 0.0243 and 1.394.
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In order to evaluate the age -effect upon the classification, the age-corrected data set
was subdivided by age into six groups of 535 individuals, 254 males and 281 females, except for
the last group of 538, which included 256 males and 282 females. Each age-sex group was
analyzed separately for low, normal, or high values as described above, using the percentage
points computed for the total population. A summary table was constructed and significant
departures from the predicted frequencies were tested by a chi-square analysis (Table IV).15

To provide clinically useful ranges of normal immunoglobulin levels for the six age groups,
however, the original log. data were subdivided by age into the above six groups of approxi-
mately equal size. For each group, the distribution was characterized, and the percentage points
excluding 2.5 per cent of the sample at each extreme were determined. The range of normal
values is defined by the limits of the central 95 per cent of the distribution (Table V).

Correlation coefficients among immunoglobulin concentrations were caleulated using the
complete data set of 3.213 subjects.14¢ Partial correlations were computed in order to test
pairwise interaction of serum immunoglobulin classes. Similar correlations were computed
using data which were within the central 95 per cent of the distribution for all immunoglobulins
(2,819 subjects). Determination of significance was based upon standard tests at the 5 per
cent level of confidence after converting the correlation coefficient to the variable Z — %
In (l+r/l-r), which is normally distributed with mean zero and standard deviation, s = VI/n-3.14
The ratio of Z to 8 identifies the percentage point in standard deviation units corresponding
to the level of confidence (e.g., 1.960 is equivalent to a p value of 0.025). Contour ellipses
for all simple correlations which include 95 per cent of the population were computed (Figs.
1to 3).

RESULTS
Reference serum immunoglobulin concentrations

Table I lists the means and bounds of the central 95 per cent range for the
age-corrected serum immunoglobulin concentrations used to construct the data in
Tables IT to IV. Table V lists the bounds of the 95 per cent range for non-age-
corrected immunoglobulin concentrations derived by analysis of the actual distri-
bution of values for each of the 12 age-sex groups. Although these ranges would
not have provided a valid basis for analyzing an age-related effect on hypogam-
maglobulinemia or hypergammaglobulinemia for the purposes of this paper, they
do indicate the approximate values of the “normal” age-sex distribution for each
of the three immunoglobulins.

Prevalence of immunoglobulin deficiencies

Twenty-seven combinations of low, normal, or high serum concentrations of
IgA, IgG, or IgM taken simultaneously are theoretically possible. Tables IT and
IIT list the non-null combinations that were found in the data extrapolated to the
age of 40 years. Deficiency of an immunoglobulin’s concentration was arbitrarily
defined as one that was included in the lower 2.5 per eent of values predicted in
this study. Hypergammaglobulinemia was defined in the oppesite manner as a
concentration that was ineluded in the upper 2.5 per cent of values.

Only 18 of the possible 27 immunoglobulin concentration patterns were
found. Of the 27 combinations, 19 represented patterns of immunoglobulin
deficiency, e.g., characterized by at least one immunoglobulin whose concentra-
tion was less than the limits of normality as defined. Ten such deficient patierns
existed for females and six for males. Deficiency of a single immuneglobulin was
more common than combined deficiencies. Deficiency of IgG alone was most com-
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mon and occurred in 2.21 per cent of subjects, IgA in 1.93 per cent, and IgM
in 1.68 per cent. IgG deficiency in any combination occurred in 2.83 per eent of
cases, IgA deficiency in 2.46 per cent, and IgM deficiency in 2.15 per cent.

~ Certain potential immunoglobulin deficiency syndromes were not represented.
There were no sera counted in the groups representing low IgA, low IgG, high
IgM; low IgA, high IgG, low IgM; low IgA, high Ig@G, high IgM; normal IgA,
low Ig®, high TgM; normal IgA, high IgG, low IgM; high IgA, low Ig@®, low
IgM; high IgA, low IgG, normal IgM; high IgA, low IgG, high IgM; and high
IgA, high IgG, low IgM.

Hypergammaglobulinemia occurred in 5.7 per cent of the subjects. Increase
in concentration of a single immunoglobulin was distinetly more common than
increases in more than one immunoglobulin. Discordant combinations of eomplex
patterns containing both high and low values were uncommon. The largest num-
ber of sera were found in the (N,N,N) category which represented subjects with
normal or average serum immunoglobulin concentrations. For the 2.5 per cent
level of confidence, 95 per eent of the sera would be included in the central area
of the distribution curve for each immunoglobulin concentration. For the three
immunoglobulins taken simultaneously, 85.7 per cent of the total sera would be
included and judged as normal (e.g., 0.95%). The actual frequency found in this
study was 87.9 per cent for males and 88.1 per cent for females.

Age of the individuals with immunoglobulin deficiency patterns

Table IV lists the number of low, normal, or high combinations of sera at
the 2.5 per cent level of confidence for six age groups. Analysis of these data does
not indicate any statistically significant deviation of one group from another
for an increased frequency of immunoglobulin deficiency either for the entire
group of cases for each immunoglobulin or for only the 2.5 per cent tails. The
finding of low IgA values in the youngest and oldest age groups and high IgA
values in the middle group approached significance. Similarly, the asymmetry in
IgM frequencies for males approached significance.

Prevalence of selective immunoglobulin deficiencies

The prevalence of selective IgA deficiency was 0.097 per cent and that for
selective IgM deficiency was 0.03 per cent. Four sera were contained in the initial
study of 3,213 subjects that had undetectable levels of an immunoglobulin (<
0.01 mg. per milliliter). These selective deficiencies were verified by re-examining
each serum for qualitative abnormalities by immunoelectrophoresis and for an
undetectable level of the specific immunoglobulin by double diffusion in gel
against monospecific antisera to either IgA or IgM.

Three sera represented selective IgA deficiency and one selective IgM de-
ficiency. Data on these sera are shown in Table VI. Three of these individuals
were essentially normal on examination. One subject with undetectable serum
IgA had mental retardation and a past history of frequent upper respiratory
traet infections. An additional 921 consecutive sera were assayed for IgA. One
serum was found with undetectable IgA which was from a 14-year-old boy who
had had a history of transient arthritis at the age of 6 years.
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TABLE V1. Subjects with selective immunoglobulin deficiencies

Serum: concentrations {mg./ml.)

Age Sex igG IgA IgM Associgted  findings

11 M 13.00 < 0.01 0.42  Penicillin reaction

14 M 17.90 < 0.01 0.91  Arthritis at 6 years of age

17 M 7.50 < 0.01 0.23  Retarded; arrested hydrocephalus;
drug reaction; frequent sino-
pulmonary infections; hepatitis

50 M 18.50 < 0.01 0.46

56 F 5.80 0.57 < 0.01

Correlations of serum immunoglobulin concentrations

Figs. 1 to 3 depict correlation plots of the serum immunoglobulin concentra
tions on the non-age-corrected complete data set. All simple correlation coeffi-
cients were highly significant except that between IgA and IgM, which was judgec
not significant on the basis of a partial correlation. There appeared to be no sex
difference detected in these immunoglobulin interrelationships.

Correlation coefficients and Z/S values were also computed for the set which
included cases within the central 95 per cent region of all three immunoglobulins
(e.g., N,N,N in Tables II and III). Values for males were 0.3629 and 13.829 for
IgG and IgA; 0.2331 and 8.637 for IgG and 1gM; and 0.0499 and 1.816 for IgA
and IgM. The partial correlation coefficients and Z/S values were respectively
0.3617 and 13.780, 0.2310 and 8.557, and —0.0383 and 1.394. Similar values for
females were 0.3926 and 15.906, 0.2321 and 9.064, and 0.1144 and 4.405. The
partial relationships were 0.3788 and 15.285, 0.2049 and 7.967, and 0.0260 and
0.997.

DISCUSSION

The data summarized in this report are derived from analyses of serum im-
munoglobulin concentrations in 3,213 subjects, who ranged in age from childhoed
to late adult life, from a community health study. Racial admixture and large
deviations in socioeconomic levels were not important aspeets of this population
group. These data provide clinically useful parameters for comparison to obser-
vations made on patients with specific diseases derived from a population of
similar background and characteristics. The method of analysis of immunoglob-
ulin concentration based upon radial diffusion assay is comparable to that in
general use in clinical laboratories. Our data have also been related to the World
Health Organization’s Immunoglobulin Reference Preparation.’” As a con-
sequence, information from this study can be used by any laboratorv whose
methods are standardized to a comparable serum.

Immunoglobulin deficiency was defined in this study as failure of an in-
dividual to manifest a serum concentration of a specific immunoglobulin greater
than a statistically defined value, the 2.5 per cent level of confidence computed
from the actual distribution curves of the serum IgA, Ig&, and IgM. The im-
munoglobulin concentrations of each individual were classified into 27 groups
based upon serum concentrations. These data provide an estimate of the fre-
quency and kinds of aberrations that can oceur and define reference points for
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the heterogeneity of immunoglobulin levels in the general population. At the 2.5
per cent level of confidence, ten types of immunoglobulin deficiencies were found
in 6.7 per cent of the subjects. Humoral immunoglobulin deficiency was therefore
a relatively common event. Selective deficiencies of IgA and IgM were the only
clearly defined syndromes. The numbers of subjects classified as normal at this
level of confidence compared favorably with the theoretical estimates. These
similarities between determined and caleulated values attested to the adequacy
of the model that was used. Analysis of our data at the 5 per cent level of con-
fidenee rejected the possibility that there was an age-related effect in any of the
observed deviations from normality. The data did not support the contention that
aging was related to the development of hypogammaglobulinemia.

Buckley and Dorsey,'® in an analysis of 819 subjects, found that elevated
IgM, low IgA, low IgG, low IgM, and elevated IgA were the commonest changes
observed at the £2.0 S.D. level. Only 16 of the possible 27 combinations were re-
corded. Eight of the 11 combinations that were not found in their study were also
not found in the present investigation ; furthermore, only four subjects acecounted
for the remaining three categories in our study. One category (IgA-H, IgG-1,,
IgM-N) was found in their investigation and not in ours,

Serum immunoglobulin concentrations were significantly related to each
other in the present study. The 95 per cent elipses in Figs. 1 to 3 indicate
graphically that the major contribution to these associations was the grouping of
values within the midrange of concentration. This analysis indicated also that
the relationship between IgA and IgM was based upon an interdependence with
Ig(G. Similar interactions were found by us in a study of children with juvenile
rheumatoid arthritis.’® These relationships are normal, therefore, and not specific
for that disease. Buckley and Dorsey*® found the same general relationships.
Significant dependent changes in their analyses were associated with eoncurrence
of high or low values of IgG and IgA, and IgG and IgM, and low values of IgA
and IgM.

Five persons were found in the present investigation with selective immuno-
globulin deficiency, a finding based entirely upon the sensitivity of the methods
used. Serum immunoglobulins are detectable in a majority of individuals even
with extreme hypogammaglobulinemia,?® and evidence of antibody formation has
been found in some of these patients.?' One of the subjects with selective IgA
deficiency in the present report had a medieal history that included frequent
sinopulmonary infections. Another had a past history of presumed juvenile
rheumatoid arthritis. Both associations have heen observed previously in our
studies and those of other investigators.2>?* However, these former reports
started with patients and investigated for immunologic deficiencies, a procedure
that can lead to errors of overascertainment.

Selective IgA deficiency is the only well-defined absence of a single im-
munoglobulin.?* Various estimates of its prevalence have been computed. In
Sweden a frequeney of 0.13 per cent was found for selective IgA deficiency in
6,995 adults who were otherwise healthy.?” Hobbs?® found a frequency of 0.2
per cent. The association of IgA deficiency with certain diseases, especially those
with an autoimmune background, may have pathogenic significance. Selective
IgA deficiency has been reported in ataxia telangiectasia,?”-* in families of pa-
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tients with hypogammaglobulinemia,®® ** and in patients with systemic lupus
erythematosus,*> 3% rheumatoid arthritis,*+3¢ steatorrhoea,?” aleoholic cirrhosis,*
and recurrent infection.®® Other studies have described its occurrence in a variety
of diseases including epilepsy, mental retardation, congenital rubella syndrome,
malabsorption, allergy, and nephritis,* and hypersplenism and Sjogren’s syn-
drome.? IgA deficieney has been reported rarely in normal adult males* and in
their families.** One of the subjects of the original report*! has had a striking in-
crease in his Ig(G eoncentration,** which suggests that this type of immune de-
ficieney may only with great reservation be considered ‘“normal.” Abnormalities
of chromosome No. 18 were recently found in patients with undetectable serum
IgA.#

Selective IgM deficiency has been reported much less commonly, and estimates
of its expected frequency in a general population are not available.®* IgM de-
ficieney was found in 37 per cent of adults with celiac disease and in even higher
frequency in children with the same disorder.® The subjects of these reports had
very low IgM but none had an undetectable serum level. In some individuals the
serum value returned to normal after treatment with a glutein-free diet. Nodular
lymphoid hyperplasia has been described with severe combined IgA and IgM
deficiency.*¢ Low levels of IgM have been found in infants with generalized non-
progressive vaccinia*” and with meningococeal septicemia.*®

Preliminary studies indicate that the less well-defined immunoglobulin de-
ficiencies that have been deseribed in this report are idiopathic or primary, as
any contribution from recognized secondary disease such as the nephrotic syn-
drome or gastrointestinal loss is known to be minor in this population study. The
majority fall into the eurrent nomenclature of variable, largely unclassified im-
munodeficiencies.®® At this time it is not possible to be certain of the biologie
significance of these categories of serum immunoglobulin concentrations as im-
munoglobulin deficiency and functional antibody deficiency are not necessarily
equatable. The fact that many are of relatively common occurrence is of im-
portance in studies of individuals with autoimmune or inflammatory diseases. A
postulated unique pathogenic role of hypogammaglobulinemia or hypergamma-
globulinemia in such diseases is significant only in relation to their expected fre-
quency in an unselected, general population.

We thank Joyece P. Gilson and Lynn Herche for expert computer programming for this
study.
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Disease

Contributors

Clinical criteria for a probable diagnosis (= clinical diagnosis)

Suggestions for alternative
diagnosis (i.e. if these criteria
are not completely fulfilled)

Agammaglobulinaemia

Annarosa
Soresina,

Nizar Mahlaoui,
Hans Ochs,
Isabella Quinti

Fewer than 2% circulating B cells (CD19 and CD20), preferably in two separate
determinations and a normal number of T cells (CD3, CD4 and CD8)
AND serum IgG levels below:
-200 mg/dl in infants aged < 12 months
-500 mg/dl in children aged > 12 months
OR normal IgG levels with IgA and IgM below 2SD
AND onset of recurrent infections before 5 years of age
OR positive maternal family history of agammaglobulinaemia

For patients with normal B cells
and agammaglobulinaemia,
please consider “Unclassified
antibody deficiency”.

Asplenia syndrome
(lvemark syndrome)

Nizar Mahlaoui
David Edgar
Stephan Ehl,
Capucine
Picard, Jean-
Laurent
Casanova

Asplenia or hyposplenia

AND Documentation of Howell-Jolly bodies on blood smears

AND radiological findings evidencing asplenia (US, CT scan, scintigraphy)

AND heterotaxia defects (dextrocardia, situs inversus, other...) or other heart and
great vessel defects

Ataxia telangiectasia
(ATM)

Nizar Mahlaoui
David Edgar
Stephan Ehl,
Richard Gatti,
Dominique
Stoppa-Lyonnet

Ataxia

AND at least two of the following :

Oculocutaneous telangiectasia

Elevated alphafetoprotein (tenfold the upper limit of normal)
Lymphocyte A-T caryotype (translocation 7;14)

Cerebellum hypoplasia on MRI

Autoimmune
lymphoproliferative
syndrome (ALPS)

David Edgar,
Stephan Ehl,
Frederic Rieux-
Laucat and
Benedicte
Neven

At least one of the following:
splenomegaly
lymphadenopathy (>3 nodes, >3 months, non-infectious, non-malignant)
autoimmune cytopenia (>/= 2 lineages)
history of lymphoma
o affected family member
AND at least one of the following:
e TCRab+CD3+CD4-CD8- of CD3+ T cells>6%
¢ elevated biomarkers (at least 2 of the following):
sFASL > 200pg/ml
o Vitamin B12 > 1500ng/L
e IL-10 > 20pg/ml
e Impaired FAS mediated apoptosis

For patients with
lymphoproliferation and/or
autoimmunity who do not fulfil
these criteria, please consider the
following diagnoses:
e CVID
¢ Unclassified combined
immunodeficiencies
¢ Unclassified disorders of
immune dysregulation
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Disease

Contributors

Clinical criteria for a probable diagnosis (= clinical diagnosis)

Suggestions for alternative
diagnosis (i.e. if these criteria
are not completely fulfilled)

APECED / APS1 with
CMC - Autoimmune
polyendocrinopathy
candidiasis ectodermal
dystrophy (APECED)

Nizar Mahlaoui,
Frank.vandeVe
erdonk
(Radboud),
Desa Lilic

Look for at least 2 of the following:

e chronic mucocutaneous candidiasis (oral, oesophageal (difficulty
swallowing) genital, skin, nails) — confirm with culture

e autoimmune hypoparathyroidism / hypocalcemia

e autoimmune adrenocortical failure (Addison’s disease)

e other autoimmune: hypergonadotropic hypogonadism, alopecia, vitiligo,
autoimmune hepatitis, type 1 diabetes, gastrointestinal dysfunction

e other: ectodermal dystrophy: dental enamel hypoplasia, nail dystrophy

Diagnostic tests (specific for APECED / APS1):
e organ-specific autoantibodies (parathyroid, adrenal, gonads, islet cell)
e anti-cytokine autoantibodies (IFNa & w and/or IL17A /IL17F/ IL22)
[comment: sensitivity & specificity >95% (Kisand et al, Eur J Immunol 2011),
can replace AIRE genotyping as >70 known mutations]

Barth syndrome

Nizar Mahlaoui,
Jean Donadieu,
Ch. Klein

Male
AND
Cardiac features (Heart failure, dilated cardiomyopathy, left ventricular non-
compaction, endocardial fibroelastosis, and serious disturbances of heart rhythm
such as ventricular fibrillation or tachycardia
AND
Chronic Neutropenia
AND at least one of the following
e Neuromuscular features such as skeletal myopathy, hypotonia, delayed
motor milestones, exercise intolerance, and abnormal fatigability.
e Distinctive facial gestalt (most evident in infancy)
e Growth delay is common in childhood
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Disease

Contributors

Clinical criteria for a probable diagnosis (= clinical diagnosis)

Suggestions for alternative
diagnosis (i.e. if these criteria
are not completely fulfilled)

Bloom syndrome

Markus Seidel,
Beata Wolska,
Corry Waemes,
Andy Gennery

Short stature
AND
¢ immunodeficiency (hypogammaglobulinemia, variably reduced lymphocyte
proliferation, lower respiratory tract infections)
e Cytogenetics: high sister-chromatid exchange rate, chromosomal breaks
AND at least one of the following
e Skin: photosensitivity, butterfly erythema, café-au-lait maculae
e Head: microcephaly, dolichocephaly, prominent ears and nose
e Hands: syndactyly, polydactyly, fifth finger clinodactyly
e Malignoma: leukemia, lymphoma, adenocarcinoma, squamous cell
carcinoma

Cartilage hair
hypoplasia (CHH)

Nizar Mahlaoui,
Bobby Gaspar,
Andrew
Gennery

Short stature

AND

immunodeficiency (combined immunodeficiency (variable T and B cell lymphopenia),
AND AT LEAST one of the following:

radiographical manifestations of CHH (metaphyseal chondrodysplasia,
light-coloured hypoplastic hair / fine silky hair

gastrointestinal malabsorption or Hirschsprung'’s ,

hematological abnormalities (bone marrow dysplasia, pure red cell aplasia),
granulomatous inflammation (skin lesions,...),

EBV driven lymphoproliferative disease

Malignancies

AND
no sign of other immune-osseous dysplasia (Schimke disease)
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Suggestions for alternative

Disease Contributors Clinical criteria for a probable diagnosis (= clinical diagnosis) diagnosis (i.e. if these criteria
are not completely fulfilled)

Chronic Nizar Mahlaoui, | Look for:

mucocutaneous Frank.vandeVe e chronic, persistent or recurrent non-invasive mucocutaneous Candida or

candidiasis (CMC)

erdonk

dermatophyte infections (oral, oesophageal (difficulty swallowing,

(Radboud), oesophageal cancer) genital, skin, nails) — confirm with culture
Desa Lilic e other infections:
skin (boils, abscesses, eczema, rosacea)
lungs (chest infections, bronchiectasis)
eyes (styes, blepharitis, conjunctivitis)
e autoimmunity: hypothyroidism, vitiligo, alopecia, autoimmune hepatitis
¢ vasculopathy (intracranial aneurisms, brain vascular anomalies)
o family history / early age of onset
Exclude secondary causes:
e predisposing conditions: HIV, diabetes, iron deficiency, neutropenia,
dentures
e predisposing treatments: antibiotics, immunosuppressive drugs, inhaled
steroids, PPls
e exclude isolated recurrent vulvo-vaginal candidiasis (RVVC)
[Comment:
Informative tests (where available):
i Th-17 & Th-22 cells and production
ii. Low CD4 and B cell counts (combined immune deficiency)
iii. Low iron]
Complement Matthew At least one of the following;

component 2

Buckland, Ania

e Increased susceptibility to infections (recurrent pyogenic)

deficiency Manson, Sofia e Discoid lupus
Grigoriadou e SLE
e Family history of symptomatic C2 Deficiency

AND

CH50 or CH100 activity less than 10% of control activity

AND

Absent C2 with normal C3 and C4 complement levels
Complement Matthew At least one of the following;

component 3
deficiency (C3)

Buckland, Ania
Manson, Sofia
Grigoriadou

e Increased susceptibility to infections (Neisseria or streptococcal)
e Glomerulonephritis
e Family history of symptomatic C3 Deficiency

AND
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Disease

Contributors

Clinical criteria for a probable diagnosis (= clinical diagnosis)

Suggestions for alternative
diagnosis (i.e. if these criteria
are not completely fulfilled)

CH50/CH100 and AP50/AP100 less than 10% of control activity
AND
Absent immunochemical C3 with normal Factor H and | levels

CSR defects and HIGM
syndromes

Stephan Ehl,
Anne Durandy,
Teresa Espanol

At least one of the following:
¢ increased susceptibility to infections (recurrent and/or opportunistic, including
cryptosporidium)
e immune dysregulation (autoimmunity, lymphoproliferation, sclerosing
cholangitis)
¢ cytopenia (neutropenia or autoimmune)
¢ malignancy (lymphoma)
o affected family member
AND marked decrease of IgG (measured at least twice)
AND normal or elevated IgM (measured at least twice)
AND defined causes of hypogammaglobulinemia have been excluded
AND no evidence of profound T-cell deficiency, defined as 2/3 of the following
(mo=month, y=year of life):
e CD4 numbers/microliter:
0-6mo <1000, 6mo-1y <800, 1-2y <500, 2-6y <300, 6-12y <250, >12y
<200
¢ % naive CD4: 0-2y <30%, 2-6y <25%, 6-16y <20%, >16y 10%
e T cell proliferation absent
AND no evidence of Ataxia telangiectasia (cafe-au lait spots, ataxia, telangiectasia,
raised AFP)

Chediak Higashi
syndrome (CHS)

Nizar Mahlaoui,
David Edgar
Stephan Ehl,
Genevieve de
Saint Basile,
Despina
Moshous

At least one of:
recurrent bacterial infections
episode of hemophagocytic lymphohistiocytosis (HLH)
Neutropenia
reduced lymphocyte degranulation/cytotoxicity
affected family member
AND one of:
e Typical hair shaft abnormalities
¢ Presence of intracytoplasmic typical giant granules on blood or bone marrow
smears

Immunodeficiency with partial
albinism
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Disease

Contributors

Clinical criteria for a probable diagnosis (= clinical diagnosis)

Suggestions for alternative
diagnosis (i.e. if these criteria
are not completely fulfilled)

Chronic granulomatous
disease (CGD)

Maria Kanariou,
Reinhard Seger

At least one of the following:

¢ deep seated infection due to bacteria and/or fungi (abscesses, osteomyelitis,

lymphadenitis)
recurrent pneumonia

e failure to thrive
o affected family member
AND absent/significantly decreased respiratory burst
(NBT or DHR, measured at least twice)

lymphadenopathy and/or hepatomegaly and/or splenomegaly
obstructing/diffuse granulomata (gastrointestinal or urogenital tract)
chronic inflammatory manifestations (colitis, liver abscess and fistula formation)

Clericuzio-type
poikiloderma with
neutropenia syndrome

Nizar Mahlaoui,
Jean Donadieu,
Ch. Klein

Chronic neutropenia,

AND

Poikiloderma,

AND

Recurrent infections,

AND

Pachyonychia,

OR

Palmo-plantar hyperkeratosis

COHEN syndrome

Nizar Mahlaoui,
Jean Donadieu,
Ch. Klein

Chronic neutropenia.

AND at least 2 of the followings:
intellectual deficiency (ID),
microcephaly,

facial dysmorphism,

slender extremities,

obesity,

progressive chorioretinal dystrophy
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Disease

Contributors

Clinical criteria for a probable diagnosis (= clinical diagnosis)

Suggestions for alternative
diagnosis (i.e. if these criteria
are not completely fulfilled)

Combined
immunodeficiency
(CID)

Stephan Ehl,
Maria Kanariou,
Alain Fischer

At least one of:
¢ at least one severe infection (requiring hospitalization)
¢ one manifestation of immune dysregulation
(autoimmunity, IBD, severe eczema, lymphoproliferation, granuloma)
e malignancy
o affected family member
AND 2 of 4 T cell criteria fulfilled:
¢ reduced CD3 or CD4 or CD8 T cells (using age-related reference values)
¢ reduced naive CD4 and/or CD8 T cells
e elevated g/d T cells
¢ reduced proliferation to mitogen or TCR stimulation
AND HIV excluded
AND exclusion of clinical diagnosis associated with CID (e.g. defined syndromic
diseases, DKC, AT, CHH)

Common variable
immunodeficiency
disorders (CVID)

Vojtech Thon,
Natalia
Martinez,

Maria Kanariou,
Klaus Warnatz,
Isabella Quinti,
Helen Chapel

At least one of the following:
increased susceptibility to infection
autoimmune manifestations
granulomatous disease
unexplained polyclonal lymphoproliferation
affected family member with antibody deficiency
AND marked decrease of IgG and marked decrease of IgA with or without low IgM
levels (measured at least twice; <2SD of the normal levels for their age);
AND at least one of the following:
¢ poor antibody response to vaccines (and/or absent isohaemagglutinins);
i.e. absence of protective levels despite vaccination where defined
¢ low switched memory B cells (<70% of age-related normal value)
AND secondary causes of hypogammaglobulinaemia have been excluded (see
separate list)
AND diagnosis is established after the 4th year of life (but symptoms may be present
before)
AND no evidence of profound T-cell deficiency, defined as 2 out of the following
(y=year of life):
e  CD4 numbers/microliter: 2-6y <300, 6-12y <250, >12y <200
e % naive CD4: 2-6y <25%, 6-16y <20%, >16y <10%
e T cell proliferation absent

For patients <4 years old or
patients with incomplete criteria
please consider “Unclassified
antibody deficiency”.

For patients with evidence of
profound T-cell deficiency, please
consider Unclassified combined
immunodeficiencies.
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Disease

Contributors

Clinical criteria for a probable diagnosis (= clinical diagnosis)

Suggestions for alternative
diagnosis (i.e. if these criteria
are not completely fulfilled)

Congenital neutropenia

Nizar Mahlaoui,
Jean Donadieu

Neutropenia below 0.5 g/L measured on at least 3 occasions
OR Neutropenia below 1 g/L measured on at least 3 occasions with at least one of
the following:
deep seated infection due to bacteria and/or fungi
recurrent pneumonia
buccal and/or genital aphtous lesions or ulcerations
e omphalitis
o affected family member
AND exclusion of secondary causes of neutropenia

For other patients with chronic
neutropenia, please consider
Unclassified phagocytic
disorders.

Cyclic neutropenia

Nizar Mahlaoui
David Edgar
Stephan Ehl,
Jean Donadieu

Cyclic fluctuation of Neutrophil counts (every 16 to 28 days)

During these neutropenic episodes, symptoms are at least one of the following:
¢ Increased susceptibility to infections
e Oral apthae
e Abdominal pain episodes

Defects of
TLR/NFkappa-B
signalling

Nizar Mahlaoui,
Capucine
Picard, Jacinta
Bustamante

Recurrent and/or severe infections
AND at least 2 of the following:
e normal T- and B-cell responses
¢ mild inflammatory reaction
e polysaccharide-specific serum antibodies deficiency
e anhidrotic ectodermal dysplasia features in some patients

Defects with
susceptibility to
mycobacterial infection
(MSMD)

Nizar Mahlaoui,
Capucine
Picard, Jacinta
Bustamante

Infections caused by weakly virulent mycobacteria, such as BCG vaccines and
environmental mycobacteria, tuberculosis, salmonellosis, candidiasis, other
intramacrophagic bacteria, fungi, or parasites,

AND

Altered IFN-y mediated immunity tests or Altered IL-12 mediated immunity tests
AND

no IFN-y auto-antibodies
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Disease Contributors

Clinical criteria for a probable diagnosis (= clinical diagnosis)

Suggestions for alternative
diagnosis (i.e. if these criteria
are not completely fulfilled)

Deficiency of specific Nizar Mahlaoui

IgG (Specific antibody | David Edgar,

deficiency - SPAD) Stephan Ehl,
Helen Chapel,
Isabella Quinti,
Esther de Vries

Infections (recurrent or severe bacterial)

AND

normal serum/plasma IgG, A and M and IgG subclass levels

AND

Profound alteration of the antibody responses to S. pneumoniae (or other
polysaccharide vaccine) either after documented invasive infection or after test
immunization.

AND

Exclusion of T cell defect

Unclassified antibody
deficiencies

Nizar Mahlaoui
David Edgar
Stephan Ehl

DiGeorge syndrome

Documented microdeletion 2211 or 10p
AND signs of immunodeficiency (i.e. infections and/or immune dysregulation)

Nizar Mahlaoui
David Edgar
Stephan Ehl,
Inderjeet Dokal

Dyskeratosis congenita

At least two of the following:
e Skin pigmentation abnormalities
¢ Nail dystrophy
¢ Mucosal leucoplakia
e Bone marrow failure
AND Very short telomeres

Matthew
Buckland, Ania
Manson, Sofia
Grigoriadou

Factor D deficiency

At least one of the following;
¢ Increased susceptibility to infections (recurrent pyogenic including Neisseria)
e Family History of symptomatic Factor D Deficiency

AND

AP50/AP100 activity less than 10% of control value with normal CH50/CH100

activity

Or

Absent Factor D activity in serum in functional or immunochemical assessment
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Suggestions for alternative

Disease Contributors Clinical criteria for a probable diagnosis (= clinical diagnosis) diagnosis (i.e. if these criteria
are not completely fulfilled)
Familial Stephan Ehl, At least one of the following: For patients with incomplete
hemophagocytic Genevieve de e atleast 1 episode of HLH criteria, please consider
lymphohistiocytosis Saint Basile, (at least 5/8 criteria as defined by the Histiocyte Society) Unclassified disorders of
syndromes (FHLH) Gritta Janka e affected family member immune dysregulation.

AND at least one of the following:
e recurrent disease (>4 weeks after initiating treatment for first episode)
persistent disease (no full remission can be achieved)
partial albinism
absent or significantly decreased Perforin expression in flow cytometry
at least one assay with absent degranulation (NK or CTL) or two assays with
reduced degranulation
o atleast 2 assays with absent NK cell cytotoxicity

FOXP3 deficiency
(IPEX)

Nizar Mahlaoui
David Edgar
Stephan Ehl,
Hans Ochs,
Benedicte
Neven

At least one of
e Severe and protracted enteropathy with villous atrophy in a male infant
e Severe, often multiple endocrinopathies

AND

Exclusion of hypogammaglobulinaemia

AND at least one of the following:
e Low or absent Foxp3 expression by CD4+CD25+ on flow analysis

No overt T cell defect (proliferations are normal)

Elevated IgA and IgE levels

Normal CD25 expression

Combined immunodeficiency

Glycogen storage
disease type 1b (GS1b)

Nizar Mahlaoui
David Edgar
Stephan Ehl,
Jean Donadieu

Recurrent infections
AND Fasting intolerance
AND Hypoglycaemic attacks
AND Hyperlactacidemia
AND Glycogen accumulation in the liver
AND colitis mimicking Crohn’s disease
AND one of:
¢ neutrophil function alterations
e neutropenia
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Disease

Contributors

Clinical criteria for a probable diagnosis (= clinical diagnosis)

Suggestions for alternative
diagnosis (i.e. if these criteria
are not completely fulfilled)

Griscelli syndrome type

Nizar Mahlaoui,

At least one of the following:

Immunodeficiency with partial

2 David Edgar ¢ episode of hemophagocytic lymphohistiocytosis (HLH) albinism
Stephan Ehl, e reduced lymphocyte degranulation/cytotoxicity
Genevieve de e affected family member
Saint Basile, AND
Despina Typical hair shaft abnormalities
Moshous AND
Absence of giant granules on blood smear
Hereditary Angioedema | Matthew At least one of the following;

(Clinh)

Buckland, Ania
Manson, Sofia
Grigoriadou

e Recurrent angioedema without urticaria
e Recurrent abdominal pain and vomiting
e Laryngeal oedema
e Family history of angioedema
AND
Low complement C4 (< 2.S.D of the mean) between or during angioedema attacks
AND
Absent C1 esterase protein (Type 1 HAE) or absent C1 esterase inhibitor function
(Type 2 HAE)
AND
Normal C1q level

Hermansky-Pudlak
syndrome (type 2)

Nizar Mahlaoui,
Stephan Ehl

Oculocutaneous albinism
AND
Chronic neutropenia
AND at least one of the following:
e bleeding diathesis
e recurrent infections
e hemophagocytic lymphohistiocytosis (HLH)
AND
Defective cytotoxicity caused by impaired degranulation
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Disease

Contributors

Clinical criteria for a probable diagnosis (= clinical diagnosis)

Suggestions for alternative
diagnosis (i.e. if these criteria
are not completely fulfilled)

HLA class | deficiency

Matthew
Buckland, Ania
Manson, Sofia
Grigoriadou

At least one of the following:
¢ Predisposition to recurrent and/or opportunistic infections
¢ Granulomatous skin lesions
AND at least one of the following:
Predisposition to recurrent and/or opportunistic infections
¢ Necrotizing granulomatous skin lesions
e Low T-CD8 or lymphopenia
e Absence of Ab production in response to antigens
e Absence of T cell proliferation in response to antigens
AND Reduced or absent HLA A,B,C expression at the surface of resting and
PHA/Cytokine activated T-cells

HLA class Il deficiency
(MHC2)

Nizar Mahlaoui,
David Edgar
Stephan Ehl,
Capucine
Picard, Amos
Etzioni

One of the following:
¢ Recurrent and/or opportunistic infections
o Autoimmunity
AND one of the following:
¢ Hypogammaglobulinaemia
e Lymphopenia
e Low T-CD4 count
e absence of Ab production in response to antigens or absence of T cell
proliferations in response to antigens
AND Reduced or absent HLA DR expression at the surface of B cells and/or
monocytes

Combined immunodeficiency

Hoyeraal-Hreidarsson
syndrome

Nizar Mahlaoui
David Edgar
Stephan Ehl,
Inderjeet Dokal

At least four of the following criteria:

Microcephaly and/or neurocognitive impairment
Cerebellar hypoplasia

Bone marrow failure

Immune deficiency including B cell lymphopenia
Severe enteropathy

e Severe failure to thrive

This can be substantiated by undertaking telomere length analysis (usually very

short)
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Disease

Contributors

Clinical criteria for a probable diagnosis (= clinical diagnosis)

Suggestions for alternative
diagnosis (i.e. if these criteria
are not completely fulfilled)

Hyper IgE syndrome
(HIES)

Beata Wolska,
David Edgar,
Bodo
Grimbacher,
Steven Holland

IgE > 10 times the norm for age
AND pathologic susceptibility to infectious diseases
AND no evidence of T-cell deficiency

(low T cell numbers, low naive T cells, reduced proliferation)
AND no evidence of B cell deficiency (low B cell numbers,
hypogammaglobulinaemia)

o For patients with evidence of
T-cell deficiency, please
consider: Unclassified
combined
immunodeficiencies.

e For patients with evidence of
B-cell deficiency, please
consider Unclassified
antibody deficiency.

o For other patients, please
consider Unclassified
immunodeficiencies.

IgA with 1gG subclass
deficiency

Nizar Mahlaoui
David Edgar,
Stephan Ehl,
Helen Chapel,
Isabella Quinti,
Esther de Vries

Infections (recurrent or severe bacterial)

AND

Undetectable serum/plasma IgA level (with normal/lowish IgG and IgM levels)
AND

Low levels in one or more IgG subclass (documented twice)

AND normal IgG antibody response to some vaccinations

AND Exclusion of T cell defect

Unclassified antibody
deficiencies

Immunodeficiency
centromeric instability
facial anomalies
syndrome (ICF)

Markus Seidel,
Beata Wolska,
Corry Waemes,
Capucine
Picard

Immunodeficiency (variable hypogammaglobulinemia, variably reduced T, B, and NK
cells, bacterial and opportunistic infections)
AND
e Head: microcephaly, hypertelorism, epicanthal folds, flat face, micrognathia,
macroglossia, tongue protrusion, small upturned nose
e Cytogenetics: Centromeric instability of chromosomes 1, 9 and 16 with
increased somatic recombination and formation of multibranched/-radial
configurations
AND at least two of the following
Short stature
Neurologic: variable mental retardation
Malabsorption, diarrhea
Sinusitis, upper and lower respiratory tract infections
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Disease

Contributors

Clinical criteria for a probable diagnosis (= clinical diagnosis)

Suggestions for alternative
diagnosis (i.e. if these criteria
are not completely fulfilled)

IPEX-like disease

Nizar Mahlaoui
David Edgar
Stephan Ehl,
Hans Ochs,
Benedicte
Neven

At least one of
e Severe and protracted enteropathy with villous atrophy in a male infant
e Severe, often multiple endocrinopathies
AND
Exclusion of hypogammaglobulinaemia
AND at least one of the following:
¢ Normal Foxp3 expression by CD4+CD25+ on flow analysis
¢ No overt T cell defect (proliferations are normal)
e Elevated IgA and IgE levels

Combined immunodeficiency

Isolated IgG subclass
deficiency

Nizar Mahlaoui
David Edgar,
Stephan Ehl,
Helen Chapel,
Isabella Quinti,
Esther de Vries

Infections (recurrent or severe bacterial)

AND

normal IgG, A and M serum/plasma levels

AND

Low levels in one or more IgG subclass (documented twice)
AND

Normal IgG antibody response to some vaccinations
ANDEXxclusion of T cell defect

Unclassified antibody
deficiencies

Isolated congenital

Nizar Mahlaoui

Asplenia or hyposplenia

asplenia David Edgar AND Documentation of Howell-Jolly bodies on blood smears
Stephan Ehl, AND radiological findings evidencing asplenia (US, CT scan, scintigraphy)
Capucine AND exclusion of any over developmental defect such as heterotaxia (dextrocardia,
Picard, Jean- situs inversus, other...) or other heart and great vessel defects
Laurent
Casanova

Mannose-binding lectin | Matthew Infections (severe recurrent bacterial)

deficiency (MBL) Buckland, Sofia | AND one of the following:
Grigoriadou, Mannose binding lectin <75 ug/L: Correlates with homozygous variant alleles and

Ania Manson

non-functional MBL which is associated with the greatest risk of infection.

OR

75 - 399.9 ug/L: Correlates with functional MBL deficiency associated with increased
risk of infection.

OR

400 - 1300 pg/L: Correlates with heterozygous varient alleles and may show mild
deficiency associated with some increased risk of infection.

ESID Registry - Working definitions for clinical diagnosis of PID

July 18, 2016

page 17 of 25




Disease

Contributors

Clinical criteria for a probable diagnosis (= clinical diagnosis)

Suggestions for alternative
diagnosis (i.e. if these criteria
are not completely fulfilled)

NB: Patients should be classified as Homozygous, Functional or Heterozygous
Deficient as appropriate.

Nijmegen breakage
syndrome

Markus Seidel,
Beata Wolska,
Corry Waemes,
Andy Gennery

Microcephaly
AND
reduced T cell number and/or elevated percentage of memory CD4 and CD8 cells
and/or reduced T cell function
AND at least two of the following
e Typical facial appearance
e Variable hypogammaglobulinemia, dysgammaglobulinemia and/or reduction
of B cells - opportunistic and/or chronic, recurrent infections, predominantly
of the respiratory tract
e Skin: Café-au-lait spots and/or hypopigmented areas and/or skin
granulomas
e lymphoma/leukemia or other malignancy
e Chromosomal instability (especially chrom. 7 and 14), increased sensitivity
towards ionizing radiation and alkylating agents

Omenn syndrome

Nizar Mahlaoui,
Annarosa
Soresina,

Anna Villa,
Alain Fischer

Desquamating erythroderma in the first year of life
AND one of the following:
¢ lymphoproliferation
o failure to thrive
e chronic diarrhoea
e recurrent pneumonia
AND eosinophilia or elevated IgE
AND T-cell deficiency (low naive cells, reduced proliferation, oligoclonality)
AND maternal engraftment excluded
AND HIV excluded

For other patients with severe
erythroderma, please consider:
e SCID
o IPEX
¢ Unclassified disorders of
immune dysregulation
¢ Unclassified defects in innate
immunity.
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Disease

Contributors

Clinical criteria for a probable diagnosis (= clinical diagnosis)

Suggestions for alternative
diagnosis (i.e. if these criteria
are not completely fulfilled)

Partial albinism and

Nizar Mahlaoui,

Partial oculo-cutaneous albinism

immunodeficiency Stephan Ehl AND at least one of of the following:
syndrome e recurrent bacterial infections
e episode of hemophagocytic lymphohistiocytosis (HLH)
e reduced lymphocyte degranulation/cytotoxicity
o affected family member
AND
Exclusion of Chediak Higashi Syndrome and Griscelli Syndrome type 2
Properdin P factor Matthew At least one of the following;

complement deficiency
(PFC)

Buckland, Ania
Manson, Sofia
Grigoriadou

¢ Increased susceptibility to infections (recurrent pyogenic including Neisseria)
e Family History (X-linked inheritance pattern
AND
AP50/AP 100 activity in at least the bottom 10% of control value with normal
CH50/CH100 activity
AND
Absent Properdin (type I/ll) or activity (type IIl) in serum in functional or
immunochemical assessment

Schimke disease

Nizar Mahlaoui
David Edgar
Stephan Ehl

Predominantly T cell defects (low T cell counts, low T cell proliferations)
AND osseous dysplasia (metaphyseal usually)
AND kidney dysfunction
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Disease

Contributors

Clinical criteria for a probable diagnosis (= clinical diagnosis)

Suggestions for alternative
diagnosis (i.e. if these criteria
are not completely fulfilled)

Seckel syndrome

Markus Seidel,
Beata Wolska,

Short stature (pre- and postnatal growth retardation), severe microcephaly
AND at least three of the following:

Corry Waemes, e Head: downward slanting palpebral fissures, sloping forehead, face
Andy Gennery asymmetry, prominent beaked nose, selective tooth agenesis
¢ Hematology: pancytopenia
e Cytogenetics: increased sister chromatid exchange
e Neurology: mental retardation, seizures, and CNS structural abnormalities
e Skeletal: fifth finger clinodactyly, hip and radius head dislocation, hypoplasia
of proximal radius and proximal fibula, 11 ribs, scoliosis
Selective CD4 cell Matthew CD4* T cell less than 350/ul (patient more than 4 years of age) or less than 20% of
deficiency Buckland, Ania | circulating T-lymphocytes at any age
Manson, Sofia | AND
Grigoriadou OKT4 Deficiency Excluded
AND
Normal or increased CD8, CD19 and CD56
AND
HIV Negative
And
Other primary causes of lymphopenia excluded
Selective IgA Vojtech Thon, | At least one of the following: o For patients with abnormal
deficiency Natalia e increased susceptibility to infection vaccine responses, please
Martinez, e autoimmune manifestations consider Deficiency of

Maria Kanariou,
Klaus Warnatz,
Isabella Quinti

o affected family member
AND diagnosis after 4th year of life
AND undetectable serum IgA (when measured with nephelometry less than 0.07
g/L) but normal serum IgG and IgM (measured at least twice)
AND secondary causes of hypogammaglobulinaemia have been excluded.
AND normal IgG antibody response to all vaccinations
AND Exclusion of T-cell defect

specific IgG (SPAD).

o For other patients, please
consider Unclassified
antibody deficiency.

ESID Registry - Working definitions for clinical diagnosis of PID

July 18, 2016

page 20 of 25




Suggestions for alternative

Disease Contributors Clinical criteria for a probable diagnosis (= clinical diagnosis) diagnosis (i.e. if these criteria
are not completely fulfilled)
Selective IgM Nizar Mahlaoui | Infections (either invasive or recurrent, usually bacterial) Unclassified antibody
deficiency David Edgar, AND deficiencies
Stephan Ehl, Low IgM serum/plasma level (with normal IgG and IgG subclasses and IgA plasma
Helen Chapel, |level)
Isabella Quinti, | AND
Esther de Vries | Normal IgG antibody response to all vaccinations
AND
Exclusion of T-cell defect
Severe combined Stephan Ehl, At least one of the following: For other (e.g. older) patients with

immunodeficiency
(SCID)

Alain Fischer

¢ invasive bacterial, viral or fungal/opportunistic infection
¢ persistent diarrhoea and failure to thrive
o affected family member
AND manifestation in the first year of life
AND HIV excluded
AND 2 of 4 T cell criteria fulfilled :
¢ low or absent CD3 or CD4 or CD8 T cells
reduced naive CD4 and/or CD8 T cells
elevated g/d T cells
reduced or absent proliferation to mitogen or TCR stimulation

T-cell deficiency, consider
Unclassified combined IDs.

Shwachman-Diamond-
syndrome

Nizar Mahlaoui,
Jean Donadieu

Neutropenia

AND

Exocrine pancreatic failure

AND at least one of the following:
e enlargement of metaphyseal zones on bone X-rays
e cognitive retardation or Behavioral problems

Thymoma with
immunodeficiency

David Edgar,
Helen Chapel

Presence of thymoma
AND reduced serum IgG (< 2SD below the mean reference for age)
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Disease

Contributors

Clinical criteria for a probable diagnosis (= clinical diagnosis)

Suggestions for alternative
diagnosis (i.e. if these criteria
are not completely fulfilled)

Transient hypogamma- | David Edgar, IgG below age-related normal value detected in the first three years of life
globulinaemia of Maria Kanariou, | (measured at least twice)
infancy Esther de Vries | AND defined causes of hypogammaglobulinaemia have been excluded
AND spontaneous resolution approx. after the 4th birthday
NB: Patients will initially be registered as Unclassified antibody deficiency, in the
registry and moved to THI, if there is spontaneous resolution before age 4.
Warts Jean Donadieu, | Neutropenia
hypogammaglobulinem | Sarah, AND
iainfections and Beaussant lymphopenia
myelokathexis (WHIM) | Cohen, Bodo AND
Grimbacher monocytopenia
AND
Evidence of myelokathexis on bone marrow smeair;
AND at least one of the following:
e Recurrent and severe HPV infections
¢ Recurrent bacterial infections
e Mycobacterial infection(s).
e Mild hypogammagobulinemia
Wiskott-Aldrich Annarosa At least one of the following:
syndrome (XLT/WAS) Soresina, e eczema
Natalia e recurrent bacterial or viral infections
Martinez, e autoimmune diseases (incl. vasculitis)
Michael Albert, « malignancy
Adrian e reduced WASP expression in a fresh blood sample
Thrasher N

abnormal antibody response to polysaccharide antigens and/or
low isohaemagglutinins
¢ positive maternal family history of XLT/WAS
AND male patient with thrombocytopenia (less than 100,000 platelets/mm3)
(measured at least twice)
AND small platelets (platelet volume < 7,5 fl)
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Suggestions for alternative
Disease Contributors Clinical criteria for a probable diagnosis (= clinical diagnosis) diagnosis (i.e. if these criteria
are not completely fulfilled)
X-linked Nizar Mahlaoui, | Male individual (or female with severely skewed X-chromosome inactivation)
lymphoproliferative Stephan Ehl AND two of the following:
syndrome (XLP) e atleast 1 episode of HLH (according to the Histiocyte Society criteria)
o affected family member
e abnormal EBV response
¢ Hypogammaglobulinemia
¢ Inflammatory Bowel Disease
e Vasculitis
e Lymphoid Neoplasm, especially if EBV-associated
AND at least one of the following minor criteria:
e decreased or absent SAP (for XLP1) or XIAP (for XLP2) expression
assessed by Flow Cytometry
e reduced frequency of INKT cells (< 0.02% of T cells)
e Normal Perforin expression in flow cytometry
¢ Normal degranulation (NK or CTL) assays or Normal NK cell cytotoxicity
assays
AND
No partial albinism
AND
Normal work-up for metabolic diseases
Unclassified antibody Esther de At least 1 of the following 4:
deficiency Vries, Nizar e Recurrent or severe bacterial infections
Mahlaoui, e Autoimmune phenomena (especially cytopenias)
David Edgar, e Polyclonal lymphoproliferation
Isabella Quinti, o Affected family member
Helen Chapel | AND at least one of the following:
e marked decrease of at least one of total IgG, 1gG1, 1gG2, 1gG3, IgA or IgM
levels
o failure of IgG antibody response(s) to vaccines
AND secondary causes of hypogammaglobulinaemia have been excluded (infection,
protein loss, medication, malignancy)
AND no clinical signs of T-cell related disease
AND does not fit any of the other working definitions (excluding ‘unclassified
immunodeficiencies’)
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Suggestions for alternative

Disease Contributors Clinical criteria for a probable diagnosis (= clinical diagnosis) diagnosis (i.e. if these criteria
are not completely fulfilled)
Unclassified Nizar Mahlaoui, | At least one of the following:
phagocytic disorders | Capucine o deep seated infection due to bacteria and/or fungi
Picard, e recurrent severe pneumonia
Jacinta ¢ buccal and/or genital aphtous lesions or ulcerations
Bustamante e omphalitis
¢ chronic inflammatory manifestations (e.g. colitis, fistula formation)
o affected family member
e BCGitis or BCGosis
AND normal to subnormal respiratory burst (NBT or DHR, assessed at least twice)
Unclassified disorders | Stephan Ehl, At least one of the following: e For patients with evidence of

of immune
dysregulation

Maria Kanariou

autoimmune manifestations
lymphoproliferation
severe eczema
inflammatory bowel disease
granuloma
vasculitis
¢ HLH-like disease
AND at least one numeric or functional abnormal finding upon immunological
investigation
AND no evidence of profound T-cell deficiency, defined as 2 out of the following
(y=year of life):
e CD4 numbers/microliter:
0-6mo <1000, 6mo-1y <800, 1-2y <500, 2-6y <300, 6-12y <250, >12y
<200
¢ % naive CD4: 0-2y <30%, 2-6y <25%, 6-16y <20%, >16y 10%
o T cell proliferation absent
AND no evidence of B-cell deficiency (low B cell numbers,
hypogammaglobulinaemia

profound T-cell deficiency,
please register these as
Unclassified combined
immunodeficiencies.

o For patients with evidence of
B-cell deficiency, please
register as Unclassified
antibody deficiency.

Unclassified defects in
innate immunity

Nizar Mahlaoui,
Maria Kanariou,
Capucine
Picard,

Jacinta
Bustamante

At least one of the following:
o onset of disease before 5 y of age
e pyogenic bacterial infections
¢ unusual infections and/or atypical clinical course
AND the dominant abnormal immunological finding concerns the innate immune
system (excluding defects in phagocyte number or function)
i.e. NF-kB-dependent TLR and IL-1R immunity
AND functional spleen (no Howell-Jolly bodies on blood smears)

For patients with evidence of
profound defect of phagocytes,
please consider Unclassified
phagocytic disorders.
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Suggestions for alternative

Disease Contributors Clinical criteria for a probable diagnosis (= clinical diagnosis) diagnosis (i.e. if these criteria
are not completely fulfilled)
Unclassified Annarosa At least one of the following:
complement Soresina, e one episode of bacteraemia, meningitis or systemic Neisserial infection
deficiencies Matthew e recurrent respiratory infections
Buckland, AND persistent defect of CH50 or AP50 (in three determinations in 6 months)
David Edgar AND no evidence of other conventional immunological defects
Unclassified David Edgar, Recurrent fever (temperature >38 degrees Celsius) having occurred on at least 6
autoinflammatory Beata Wolska, |occasions.
diseases Helen AND exclusion of other known infective / inflammatory autoimmune disorders
Lachmann AND documented evidence of increased inflammatory markers (ESR/CRP)
AND age of onset under 40 years
AND predominantly but not exclusively systemic symptoms
Unclassified syndromic | Stephan Ehl At least one of the following:
immunodeficiencies e dysmorphic features such as short stature, facial abnormalities, microcephaly,
skeletal abnormalities
¢ other organ manifestations such as albinism, hair or tooth abnormalities, heart
or kidney defects, hearing abnormalities, primary neurodevelopmental delay,
seizures
AND at least one numeric or functional abnormal finding upon immunological
investigation
AND exclusion of secondary causes for immunological abnormalities
(infection, malignancy)
Unclassified Stephan Ehl, At least one of the following: For patients with syndromic

immunodeficiencies

Alain Fischer

at least one major infection

abnormal course or frequency of minor infections

at least one manifestation of immune dysregulation

failure to thrive

affected family member

AND at least one numeric or functional abnormal finding upon immunological
investigation

AND exclusion of secondary causes for immunological abnormalities
(infection, protein loss, medication, malignancy)

AND does not fit any of the other working definitions (including ‘unclassified

syndromic immunodeficiencies’)

manifestations, consider
Unclassified syndromic IDs.

ESID Registry - Working definitions for clinical diagnosis of PID

July 18, 2016
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Selective IgM Deficiency—An
Underestimated Primary
Immunodeficiency

Sudhir Gupta* and Ankmalika Gupta?

Program in Primary Immunodeficiency and Aging, Division of Basic and Clinical Immunology, University of California at Irvine,
Irvine, CA, United States

Although selective IgM deficiency (SIGMD) was described almost five decades ago,
it was largely ignored as a primary immunodeficiency. SIGMD is defined as serum
IgM levels below two SD of mean with normal serum IgG and IgA. It appears to be
more common than originally realized. SIGMD is observed in both children and adults.
Patients with SIGMD may be asymptomatic; however, approximately 80% of patients
with SIGMD present with infections with bacteria, viruses, fungi, and protozoa. There
is an increased frequency of allergic and autoimmune diseases in SIGMD. A number
of B cell subset abnormalities have been reported and impaired specific antibodies
to Streptococcus pneumoniae responses are observed in more than 45% of cases.
Innate immunity, T cells, T cell subsets, and T cell functions are essentially normal.
The pathogenesis of SIGMD remains unclear. Mice selectively deficient in secreted IgM
are also unable to control infections from bacterial, viral, and fungal pathogens, and
develop autoimmunity. Immunological and clinical similarities and differences between
mouse models of deficiency of secreted IgM and humans with SIGMD have been dis-
cussed. Patients with SIGMD presenting with recurrent infections and specific antibody
deficiency responses appear to improve clinically on immunoglobulin therapy.

Keywords: autoimmunity, specific antibody deficiency, CD4 Treg, CD8 Treg, Breg

INTRODUCTION

During ontogeny, IgM is the first immunoglobulin to be expressed on the surface of B cells (1),
and the first immunoglobulin isotype secreted during an initial immune response to an exogenous
antigen. Mature naive B cells in response to antigens undergo clonal expansion and differentiation
into Ig-secreting cells. In the germinal center (GC) of secondary lymphoid organs, two important
events take place. A subset of activated IgM+ B cells undergo a process of heavy chain isotype
switching resulting in the production of antibodies of different isotypes such as IgG, IgA, and IgE,
upon engagement of CD40 with CD40L and interaction with cytokines, and somatic hypermuta-
tion in v region results in the selection of high affinity antibody producing B cells (2, 3). In contrast
to secreted IgG, IgM comes in two flavors, pre-immune or without exposure to exogenous antigen
also know as “natural IgM” that is spontaneously produced, and the second type is exogenous
antigen-induced or “immune” IgM antibodies. The majority of circulating IgM is comprised of
natural IgM antibodies. It has been established from studies of mutant mice deficient in IgM
secretion that both natural and immune IgM are important in responses to pathogens and self-
antigens (4, 5). The two prominent features of natural IgM are polyreactivity and autoreactivity,
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which are attributed to the germline configuration of their
v region structures. The natural IgM antibodies are reactive with
many conserved epitopes that are shared by microbes and self-
antigens. The production of natural IgM appears to be triggered
by interaction with self-antigens. In addition to providing early
defense against microbes, natural IgM plays an important
role in immune homeostasis, and provide protection from
consequences of autoimmunity and inflammation (6-9). It also
appears that the specificity to bind to components of self-antigen
is critical for protecting effect of natural IgM against autoim-
munity. In mice, Bl cell-derived plasma cells are the major
source of natural IgM, and natural IgM promotes the T cell-
dependent antibody response by conventional B2 cells (10). The
immune IgM antibodies are selected for antigen-specificity that
are usually produced in response to pathogens, and serve as a
first line of defense against microbial infections and also provide
protection from autoimmune diseases (4, 6).

Selective IgM Deficiency (SIGMD) is disorder with serum
IgM below two standard of mean, and normal IgG, and IgA
and T cell functions. In 1967, Hobbs et al. (11) first described
children with SIGMD (type V dysgammaglobulinemia) pre-
senting with meningococcal meningitis. Since then, a number
of patients with SIGMD have been reported [reviewed in
Ref. (12)]. There are no large-scale studies reported for the
prevalence of SIGMD. In an unselected community health
screening survey, a prevalence of 0.03% of “complete” SIGMD
was reported (13). Recently, in screening of more than 3,000
healthy adult blood bank blood donors in Iran, the preva-
lence of SIGMD was 0.37% (14). A prevalence of 0.07-2.1%
in Immunology and immunodeficiency clinics has been
reported (15, 16).

GENETICS

Although occasional symptomatic familial cases of SIGMD
deficiency have been reported (11, 17), no definitive inherit-
ance pattern is known for SIGMD. In our immunology clinic,
we are also following a mother and daughter with symptomatic
SIGMD and specific antibody deficiency; both have similar
clinical and immunological profile. SIGMD has been reported
in a number of chromosomal abnormalities, including that of
chromosome 1,18 and 22q11.2 (18-22). The most common
association of SIGMD has been with 22q11.2 deletion syndrome
(18-20, 23-25).

CLINICAL FEATURES

Similar to other primary immunodeficiency disorders, patients
with SIGMD commonly present with recurrent infections with
common microbes, and increased frequency of allergic and auto-
immune diseases. These clinically features have been reviewed
in detail (12). Recurrent infections as the presenting manifesta-
tion occur in more than 80% of patients with SIGMD. Some of
these bacterial infections may result in serious life-threatening
infections (11, 17, 21, 22). The clinical infectious presentations
of SIGMD include recurrent otitis media, chronic sinusitis,
bronchitis, bronchiectasis, pneumonia, urinary tract infections,

cellulitis, meningitis, sepsis, etc. Some of the common micro-
bial organisms include Streptococcus pneumoniae, Hemophilus
influenzae, Neisseria meningitidis, Pseudomonas aeruginosa,
Aspergillus fumigatus, Giardia lamblia; many of these organisms
express epitopes of phosphorylcholine in their cell walls that are
similar to those expressed on apoptotic cells, and recognized by
natural IgM.

Although IgG levels are normal in SIGMD, increased sus-
ceptibility to infections in SIGMD may be due to associated
impaired IgG-specific antibody response to T-independent
polysaccharide antigens (26). These observations are analogous
to mutant mice deficient in secreted IgM, in that immunoglobu-
lin isotype switching to IgG is normal; however, these animals
are also unable to control viral, bacterial, and fungal infections
due to impaired induction of a protective specific IgG antibody
response, and lack of serum IgM (4, 27, 28).

In children with SIGMD, allergic and autoimmune diseases
are infrequent (29), whereas in adults, allergic and autoimmune
diseases are frequently present (15, 26). Almost 40% of patients
with SIGMD display allergic manifestations. Several investiga-
tors have reported association between atopic diseases and
SIGMD (15, 26, 30, 31). The frequency of asthma and allergic
rhinitis in SIGMD in reported cases ranged from 30 to 45%.

Similar to other primary antibody deficiency disorders (32),
autoimmunity and autoimmune diseases (Table 1) are more
common in patients with SIGMD than in the general population
(33-39). Goldstein et al. (15) reported positive ANA in 13% and
arthritis and SLE in 14% of patients with SIGMD. In our current
cohort of 55 patients with SIGMD, we have observed Hashimoto’s
thyroiditis in 8, SLE in 3, Myasthenia gravis in 2, and Addison’s
disease in 1 patient (unpublished observations). Mice genetically
generated to be deficient in secreted IgM spontaneously develop
ANA, anti-ds-DNA, and anti-ss-DNA antibodies and autoim-
mune diseases like arthritis and “lupus-like” diseases (6, 40, 41).
In mice deficient in secreted IgM, the prevalence of autoimmune
diseases increases as mice age (6). In SIGMD, autoimmune dis-
eases are more frequent in adults as compared to children with
SIGMD (12, 15, 29). Paradoxically, levels of autoreactive IgM are
elevated in patients with autoimmune diseases (42, 43). This could
reflect a compensatory mechanism by which IgM inhibits inflam-
mation and promotes clearance of apoptotic cells. Mice mutants
for FcpR are impaired in IgG antibodies against T-dependent

TABLE 1 | Autoimmune diseases associated with SIGMD.

Addison’s disease

Autoimmune glomerulonephritis
Autoimmune hemolytic anemia
Autoimmune thrombocytopenia
Celiac disease

Crohn'’s disease

Hashimoto’s thyroiditis
Myasthenia gravis

Polymyositis

Rheumatoid arthritis

Sjogren’s syndrome

Systemic lupus erythematosus
Vitiligo
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and T-independent antigens, develop autoimmunity as they age,
however, have increased levels of IgM (44). Although the precise
mechanism of IgM-mediated regulation of tolerance is unclear,
a number of mechanisms have been proposed: (a) cross-linking
of FcpR and BCR by IgM autoantibodies-self-antigen complexes
resulting in the induction of anergy or deletion of B cells; (b) loss
of central tolerance as a result of BCR editing at the level bone
marrow; (c) loss of peripheral tolerance secondary to a deficiency
of isotype-specific regulatory lymphocytes; (d) impaired clear-
ance of apoptotic cells/bodies (self antigens). In SIGMD patients,
we did not observe any significant changes in the expression of
FcpR on any of B cell subsets except low-level expression on
MZ B cells (45). Therefore, it is unlikely that changes in FcpR
or peripheral tolerance play a significant role in the develop-
ment of autoimmunity in SIGMD. Patients with SIGMD also
have decreased proportions of CXCR3" B cells (46). Recently,
a deficiency of CXCR3* B cells has been linked to autoimmune
diseases (47).

IMMUNE RESPONSES IN SIGMD

A number of abnormalities in lymphocyte numbers and func-
tions have been reported in SIGMD. In contrast, innate immune
responses appear to be preserved.

Lymphocyte Phenotype

B Lymphocytes

The proportions and numbers of surface IgM* B cells or
CD19%/CD20* B cells are normal in the majority of patients
with SIGMD (15, 26, 48-51). However, low to complete
lack of sIgM*, CD19*, or CD20* B cells have been reported
(23, 52-54). Recently, we have performed an extensive analysis
of B cell subsets in 20 patients with SIGMD (46). A significant
increase in CD21"%, and IgM memory B cells, and a significant
decreased in GC B cells, and CXCR3* naive and memory B cells
were observed in SIGMD. Lau et al. (55) have demonstrated
that CD21"" cells are recent GC graduates that represent a
distinct population from CD27* memory cells, are refractory
to GC reentry, and are predisposed to differentiate into long-
lived plasma cells. Therefore, a deficiency of CD21' cells may
be responsible for decreased differentiation to plasma cells and
decreased Ig production. However, it cannot explain defects in
selective production of IgM. CD21"" are increased in patients
with CVID with autoimmunity, and systemic lupus erythema-
tosus (53, 54, 56). Impaired polysaccharide response early life is
believed to be secondary to low expression of CD21 on B cells.
A significant increase in the proportions of CD21"" B cells in
our patients with SIGMD may explain both increased autoim-
munity and impaired anti-polysaccharide antibody responses
in SIGMD.

A role of CXCR3 in T cells and T-cell-mediated autoim-
munity has been well established (57); however, its role in B cell
trafficking and antibody-mediated autoimmunity is beginning
to emerge (58). Patients with SLE have decreased number of
CXCR3* B cells (45). We have observed decreased expression
of CXCR3 on both naive and memory B cells in SIGMD (46).

A role of decreased expression of CXCR3 on B cell subsets in
SIGMD and autoimmunity associated with SIGMD remains to
be investigated.

T Lymphocytes

Number and functions of T cell and T cell subsets are normal
in the majority of patients with SIGMD (26, 29, 46, 48-50, 59)
except in the syndrome of SIGMD, T cell deficiency, and MAC
infection (12, 60, 61).

Upon antigenic stimulation, naive CD4* and CD8" T cells
undergo clonal expansion, differentiation, and distinct homing
patterns. Based upon their functions and homing patterns, both
CD4* and CD8* T cells have been classified into naive (Tx),
central memory (Tcw), effector memory (Teu), and terminally
differentiated effector memory (Temra) subsets (62-64). Patients
with SIGMD are reported to have normal distribution of Ty,
Tcoms Tem, and Tewra subsets of CD4+ and CD8* T (46, 50).
In contrast, Ty and Tcy subsets of both CD4* and CD8* T cells
were decreased, whereas Trwra subset of CD4* and CD8* T cells
were markedly increased in patients with syndrome of SIGMD,
T cell deficiency, and MAC infection (60, 61).

Regulatory Lymphocytes

Although a role of CD4" Treg in immune tolerance is well estab-
lished (65), it is only recently there has been an interest in the
role of Breg (66) and CD8Treg (67, 68) in immune homeostasis,
and tolerance.

Breg have shown to regulate various immune responses includ-
ing regulation of generation of CD4* Treg; deficiency of Breg
results in experimental autoimmune diseases, and more recently,
Breg were shown to regulate the generation of peripheral CD4*
Treg cells (66, 69-72). We have reported significant increase in
Breg in patients with SIGMD (46). It is unclear whether increase
in Breg and CD8" Treg (see below) are compensatory changes
to control the development of autoimmunity and autoimmune
diseases in SIGMD, or they contribute to disease phenotype.
If increased Breg contribute to SIGMD by suppressing directly
B cell differentiation to Ig-secreting plasma cells remains to be
investigated.

A role of CD8 Treg cells in immune homeostasis has been
demonstrated in a number of experimental models and their
alterations have been observed in human diseases (67, 68,
73-75). In our cohort of patients with SIGMD, CD8 Treg cells
(CD8*CCR7*CD183*CD45RA") were increased (46).

Lymphocyte Proliferative Response

The lymphocyte transformation in response to mitogens phyto-
hemagglutinin, concanavalin A, and pokeweed mitogen, recall
antigens, Candida albicans, mumps, and tetanus toxoid, and
alloantigens appears to be intact in SIGMD (26, 48), demonstrat-
ing normal functioning T cells. Yamasaki (48) observed impaired
B cell proliferation in six patients with SIGMD in response to
Staphylococcus aureus Cowan (SAC) strain I (a B cell activator),
suggesting B cell functional defect in SIGMD. Mensen et al.
(50) examined the expansion of B cells and antibody secreting
cells following stimulation of peripheral blood mononuclear
cell (PBMC) or non-T cells with a cocktail of B cell stimuli.
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A decreased expansion/survival of all subsets of B cells in five
of six patients, and decreased IgM secreting B cells in two of six
patients were observed.

Serum Immunoglobulins and Specific

Antibody Responses

Serum Immunoglobulins

By definition, SIGMD is characterized by serum IgM levels
below 2 SD of mean for a laboratory with normal serum IgG
and IgA. However, patients with complete absence (<3 mg/dl)
of serum IgM have been reported in SIGMD. In our cohort of
55 patients with SIGMD, 4 patients have complete absence
of serum IgM. IgG subclass deficiency has been reported in
few cases of SIGMD (26, 76). IgG subclass deficiency is not
restricted to any particular subclass. This would be analogous
to association of IgG subclass deficiency with selective IgA
deficiency. Because of small cohort of cases, it is difficult to
determine the clinical significance of IgG subclass deficiency
in patients with SIGMD. Patients with SIGMD have increased
prevalence of allergic diseases, therefore, it is not surprising
that serum IgE levels are increased in a subset of SIGMD
(26, 48, 59, 76, 77).

Specific Antibody Responses

Specific antibody responses to T-dependent protein antigens
(e.g., tetanus, diphtheria), and T-independent antigens (anti-
polysaccharide antigens) have been studied in a small number
of patients with SIGMD. Antibody response to diphtheria and
tetanus in a small number of patients with SIGMD studied are
reported to be normal (25, 26), except impaired response in
the syndrome of SIGMD, T cell deficiency, and mycobacterial
infection (60, 61). A role of specific antibodies in mycobacterial
defense is discussed (61). The response to T-independent anti-
gens appeared to be impaired (18, 22, 25, 26, 78). We reported
impaired antibody responses against S. pneumoniae following
Pneumovax-23 vaccination in 45% of SIGMD (26). In our current
cohort of 55 patients with SIGMD, more than 45% have impaired
anti-pneumococcal antibody responses (unpublished observa-
tions). Al-Herz et al. (18) and Guill et al. (30) reported decreased
IgM Isohemagglutinins titers in a subset of patients with SIGMD.

PATHOGENESIS OF SIGMD

The pathogenesis of SIGMD remains unclear. A number of
mechanisms have been proposed (Table 2). Since the majority

TABLE 2 | Proposed mechanisms for the pathogenesis of SIGMD.

Mechanisms Reference
Decreased T helper cell activity (59)
Increased isotype specific suppressor T cells (49, 79, 80)
Increased CD8 Treg cells (46)
Intrinsic B cell defect (48, 52)

Increased Breg (46)
Defective secretion of p mRNA transcripts (82)
aMutations in protein transport gene(s)

aProposed by authors.

of patients have normal surface IgM™* B cells, investigators
have focused their studies on the analysis of helper T cells,
regulatory (suppressor) cells, and intrinsic defects of B cells.
A deficiency of helper T cells (59), increased IgM isotype-
specific suppressor T cells (49, 79-81), intrinsic B cell defects
(48, 52), and reduced secreted p mRNA transcripts (82) have
been reported as possible pathogenic mechanisms for SIGMD.
De la Concha et al. (59) reported that B cells from SIGMD
patients could produce normal amounts of IgM, IgG, and IgA
when coculture in vitro with T cells from healthy controls, sug-
gesting a defect in T-helper cell function. However, this defect
was not IgM isotype specific. In contrast, Matsushita et al. (80)
reported the presence of radiosensitive IgM-specific suppres-
sor T cells in a patient with SIGMD and giant leiomyoma of the
stomach. Inoue et al. (79) using in vitro cocultures revealed an
increased IgM isotype-specific suppressor T cell activity in all
seven patients with SIGMD. Ohno et al. (49), in a recombina-
tion plaque assay, observed increased isotype IgM-specific
(one case) and non-specific (one case) suppressor activity
in patients with SIGMD. We have observed that CD8 Treg
in vitro suppress immunoglobulin secretion by purified B cells
(unpublished personal observations); therefore, increased
CD8* Treg in SIDMD (46) may play a role in the pathogenesis
of SIGMD.

In contrast, Karsh et al. (52) failed to observe any defect in
T helper or T suppressor activity in SIGMD and suggested a
possible intrinsic B cell defect. Takeuchi and associates (33)
demonstrated that in vitro stimulation of PBMCs from a patient
with SIGMD and systemic lupus erythematosus with IL-2
and SAC (a B cell activator) did not increased IgM synthesis,
suggesting an intrinsic B cell defect. Furthermore, sequence
analysis of p heavy chain, and the IgM mRNA did not reveal
any mutation or deletion. Mensen et al. (50), in a T-dependent
B cell activation experimental system and using ELISA spot
assay, observed decreased number of IgM-secreting cells in
two of six patients with SIGMD as compared to healthy con-
trols. Yamasaki (48) analyzed T and B cells from six patients
with SIGMD. Purified B cells from SIGMD patients follow-
ing in vitro stimulation with SAC in the presence of T cells
from healthy controls secreted decreased amounts of IgM
as compared to B cells from healthy controls. Furthermore,
stimulation of patient’s B cells with SAC and B cell differentia-
tion factor (BCDF) did not increase IgM secretion. These data
suggest an intrinsic B cell defect, and not of helper T cell defect
or impaired BCDF production in SIGMD. We have observed
increased proportion of Breg in SIGMD (46).

Whether increased Breg contribute to SIGMD by sup-
pressing directly B cell differentiation to Ig-secreting plasma
cells remains to be investigated. Since membrane bound
IgM* B cells are normal, we propose there is a likelihood of
gene defect(s) responsible for transport of secreted proteins,
including IgM.

IMMUNOGLOBULIN THERAPY

The replacement of IgM would be an ideal therapy for SIGMD
patient. Hurez et al. (83) reported that passive transfer of IgM
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enriched (90%) preparation from normal human donors,
in a dose-dependent manner, inhibited in vitro binding of a
variety of autoantibodies to target autoantigens, and in vivo
prevented the onset of experimental autoimmune uveitis in
rats. Warrington et al. (84) demonstrated that the administra-
tion of recombinant human monoclonal IgM that binds to
oligodendrocytes-induced remyelination in mice with chronic
virus-induced demyelination, a model of chronic progressive
multiple sclerosis. Vassilev and colleagues (85) demonstrated
that theadministration of highly enriched IgM (more than 90%)
from pooled plasma of healthy donors inhibited experimental
myasthenia gravis in SCID mice model that was associated
with marked decreased in anti-choline receptor antibodies.
However, there are no commercial immunoglobulin prepara-
tions available that is highly enriched in IgM. Since more than
45% of patients with SIGMD have an impaired specific anti-
pneumococcal IgG antibody response (a defect also observed
in mice with mutations in IgM FcpR), current immunoglobu-
lin preparations may be beneficial in this subsets of clinically
symptomatic patients with SIGMD. Yel et al. (26) reported
favorable response to intravenous immunoglobulin in SIGMD
patients with regard to frequency and severity of infections.
Stoelinga et al. (35) and Fallon (86) also observed beneficial
effects of IVIG in SIGMD. Goldstein and associates (87), in
a retrospective chart analysis, observed clinical improvement
in four patients with a triad of SIGMD, bronchiectasis, and
asthma using high dose IVIG. However, in these patients
no information is provided for specific antibody responses.
Recently, Patel and colleagues (78) reported a patient with
SIGMD and non-protective pneumococcal antibody titers, and
recurrent multiple infections who responded to subcutaneous
immunoglobulin therapy. Therefore, symptomatic SIGMD
patients with specific antibody deficiency may be considered
candidates for immunoglobulin treatment.
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SUMMARY

Isolated decreased serum-IgM has been associated with severe and/or recurrent
infections, atopy and autoimmunity. However, the reported high prevalence of clinical
problems in IgM-deficient patients may reflect the skewed tertiary center population studied
so far. Also, many papers on IgM-deficiency have included patients with more abnormalities
than just IgM-deficiency. We studied truly selective primary IgM deficiency according to the
diagnostic criteria of the European Society for Immunodeficiencies ESID (true sigMdef) by
reviewing the literature (261 patients with primary decreased serum-IgM in 46 papers) and
retrospectively analyzing all patients with decreased serum-IgM in a large teaching hospital in
‘s-Hertogenbosch, the Netherlands (1-July-2005 to 23-March-2016; n=8,049 IgM<0.4¢/I;
n=2,064 solitary [IgG+IgA normal/lgM<age-matched reference]). 359/2064 (17%) cases from
our cohort had primary isolated decreased serum-IgM, proven persistent in 45/359 (13%)
cases; their medical charts were reviewed. Our main finding is that true sigMdef is probably
very rare. Only 6/261 (2%) literature cases and 3/45 (7%) cases from our cohort completely
fulfilled the ESID criteria; 63/261 (24%) literature cases also had other immunological
abnormalities and fulfilled the criteria for unclassified antibody deficiencies (unPAD) instead.
The diagnosis was often uncertain (possible sigMdef): data on IgG-subclasses and/or
vaccination responses were lacking in 192/261 (74%) literature cases and 42/45 (93%) cases
from-our cohort. Our results also illustrate the clinical challenge of determining the relevance
of a serum sample with decreased IgM; a larger cohort of true sigMdef patients is needed to
fully explore its clinical consequences. The ESID online Registry would be a good tool for
this.
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INTRODUCTION

IgM deficiency is on the one hand reported to be associated with a wide range of
clinical presentations including severe or recurrent infections, atopy, autoimmunity and
malignancy (1). On the other hand, there are doubts about its clinical significance (2); studies
in healthy populations have shown that genetic polymorphisms as well as environmental
factors may influence serum IgM levels (2,3). Previous studies on the clinical significance of
IgM deficiency have been affected by selection bias towards ‘disease’, as mostly Ssymptomatic
patients from tertiary center cohorts have been described (4-6).

The European Society for Immunodeficiencies (ESID) Registry defines primary
selective IgM deficiency (slgMdef) as a serum IgM level repeatedly below 2 SDs of normal
with normal levels of serum IgA, IgG and IgG-subclasses, normal vaccination responses,
absence of T-cell defects and absence of causative external factors (http://www.esid.orqg).
Many previously published articles that report on ‘IgM deficiency’ do not fulfill these criteria
(7,8).

To facilitate a clear discussion, we define three categories in our study: (1) truly
selective primary IgM deficiency (true sigMdef) - the ESID criteria are completely fulfilled,
which means serum IgM levels are repeatedly decreased and IgG, IgA, 1gG-subclasses and
vaccination responses have been determined and were normal for age; we consider the
absence of clinical signs suggesting a T-cell defect sufficient; (2) possible selective primary
IgM deficiency (possible sigMdef) - the diagnosis of true sigMdef is uncertain, which means
that the ESID criteria are not completely fulfilled, because data on IgG-subclasses and/or
vaccination responses are lacking; and (3) unclassified primary antibody deficiency (unPAD)
- other abnormalities in antibodies are also present: IgG-subclass deficiency, below-normal
levels of 1gG or IgA, and/or impaired vaccination responses.

The aim of our study was to learn more about the clinical significance of true sigMdef.
Therefore, we first conducted a scoping review to identify all previously published patients
with decreased serum IgM. Second, we analyzed decreased serum IgM identified through the
laboratory files of the Jeroen Bosch Hospital in ‘s-Hertogenbosch, the Netherlands, a large
teaching hospital (secondary centre). Finally, we analyzed whether these fulfilled the criteria
for true sigMdef.
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MATERIALS AND METHODS

Literature search

The PubMed database was searched for articles concerning ‘IgM deficiency’ published
until May 10, 2017 (no starting date). The search query was defined as {selective OR
isolated} AND {IgM OR Immunoglobulin M} AND {deficiency OR low} AND
{immunodeficiency syndromes}. We also screened the reference lists of articles identified by
our search strategy and added those articles that reported about decreased serum IgM
(snowball method). Our search strategy is described in detail in Supplementary Figure 1. We
considered decreased serum IgM to be secondary in combination with the use of
immunosuppressive agents, malignancy (e.g. clear cell sarcoma, promyelocytic leukemia,
multiple myeloma) or gastrointestinal loss (e.g. enteropathy through Crohn’s or coeliac
disease). Only papers that (also) contained patients with primary decreased serum IgM were
included.in the study. We analysed whether these patients fulfilled the criteria for true
slgMdef.

Our cohort
Patient selection

All serum immunoglobulin levels determined between July 1, 2005, and March 23,
2016, in the Jeroen Bosch Hospital (JBZ) in ‘s-Hertogenbosch, the Netherlands (encachment
area 350,000; 500,000 outpatient visits & 32,000 admissions per year), were obtained
(n=38,149; 5,342 (14%) samples from children and 32,509 (85%) samples from adults,
missing age values in 298 samples). Of these, all samples with serum IgM values <0.4 g/l
were selected (n=8,049, details in Supplementary Figure 2). Samples were excluded if serum
IgM levels were normal according to age-matched reference values (these were all young
children) (9). To identify all patients with isolated decreased serum IgM, samples with
decreased age-matched IgA- and/or 1gG values as well as follow-up samples of serum-IgM
were excluded. The medical charts were screened regarding patient history and medication
use to exclude the samples from those patients in whom decreased serum IgM could be
secondary (caused by external factors; definition see literature review above). Patients with
cystic fibrosis (n=3) were excluded because their clinical symptoms would be difficult to
interpret. Laboratory data of all primary cases were analyzed to identify patients in whom
serum IgM level was determined only once and in whom serum IgM level was repeatedly
determined, but had normalized. Only the medical charts of patients with persistent decreased
serum IgM levels were reviewed in detail; this patient group comprises both possible and true
primary slgMdef (definitions see Introduction). The Medical Ethical Committee Brabant
approved the study.
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Data collection

Data on demographics, clinical features, laboratory results and treatment, conclusions
written by medical specialists and ICD-10-codes were derived from our electronic patient
system. For clinical evaluation, we collected the type of medical specialist who discovered the
decreased serum IgM, reason(s) for determining serum IgM, and clinical problems that could
be related to antibody deficiency. We considered the following clinical problems to be
possibly related to antibody deficiency: infections, atopic and/or autoimmune manifestations,
inflammation of the gastrointestinal tract, long-lasting fatiguedepression and malignancies.
Pneumonia required confirmation by thoracic X-ray. Allergic diseases (allergic
rhinoconjunctivitis, food allergy, allergic urticaria, allergic anaphylaxis) required confirmation
by skin prick testing or RAST. For immunological evaluation, we collected data on serum
IgM, IgG and IgA levels and - if determined - data on IgG subclasses, T-cell subsets and
function, antibody responses to vaccinations, isohemagglutinin levels, antinuclear antibodies
(ANA) and specific serum IgE directed against inhalant allergens. For interpretation of serum
immunoglobulins and lymphocyte subpopulations age-matched reference values were used
(10). Because our laboratory cut-off for serum IgM levels is 0.2 g/l, a value of <0.2 g/l was
replaced by 0.1 g/l for calculating mean serum IgM level (n=4). For interpretation of
pneumococcal antibody responses laboratory specific reference values were used (11). The
follow-up period was defined as the date of the first serum sample with decreased IgM until
the date of data extraction. All patient data were encrypted and saved on a protected server
using Research Manager software developed by Cloud9 Health Solutions (Deventer, the
Netherlands).

Statistical analysis

Statistical analysis was performed using SPSS for Windows, version 21. Descriptive statistics
were used to compute frequencies of categorical variables and mean (with SD) or median
(with IQR) of continuous variables depending on the distribution.
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RESULTS
Literature search

Supplementary Table 1 gives an overview of the identified relevant literature. 261
patients with primary decreased serum IgM were described in 46 papers. 8 patients (2 adults
and 6 children) fulfilled the criteria for combined immunodeficiency, these were excluded.
Only 6/261 patients (2.3%, 3 adults and 3 children) completely fulfilled the ESID criteria for
true slgMdef; 63/261 (24.1%; 44 adults and 19 children) fulfilled the criteria for unclassified
antibody deficiency. In 192/261 patients (73.6%, 164 adults and 28 children) the diagnosis
was uncertain (possible sigMdef), due to incomplete laboratory data (Figure 1).

Clinical and laboratory features of the published adult and pediatric cases with true or
possible sigMdef are summarized in Tables 1 and 2. Over two-thirds of both adults and
children were male (57/85 adults, 67% vs. 23/31 children, 74%). Many patients presented
with infectious problems (30/62 adults, 48% vs. 14/15 children, 93%). In 3/62 (5%) of the
reported-adults decreased IgM was identified “by accident” as part of laboratory evaluation
for ischemic heart disease, hypertension and visual disturbance. 13/62 (21%) of the reported
adults and1/15 (7%) child were asymptomatic; this boy was detected during family screening.
Serum IgM values were reported in 86 adults and 14 children (mean 0.23 g/I, range 0.004-
0.45 g/l for adults vs. mean 0.18 g/l, range 0.00-0.36 g/I for children). Undetectable serum
IgM levels were reported in two children (12,13) and four adults (14). Three adults and one
baby were treated with intravenous immunoglobulin substitution (IVIG).

Our cross-sectional retrospective cohort

2,064 patients with isolated decreased serum IgM were identified in the laboratory
system of the JBZ (July 1, 2005, to March 23, 2016): 2,034 adults and 17 children aged 6-18
years (13 children <6 years were excluded because the age-matched reference value was
lower than the cut-off value of the test). The patient selection process is shown in detail in
Supplementary Figure 2. 1,685/2,034 adults (83%) and 7/17 (41%) children had secondary
isolated decreased serum IgM. 349/2,034 (17%) adults and 10/17 (59%) children had a
primary form; of these, serum IgM levels were determined more than once in only 49/349
(14%) adults and 3/10 (30%) children. In 7/49 (14%) of the adults the serum IgM level
normalized, yielding persistent isolated decreased serum IgM (possible or true slgMdef cases)
in 42 adults and 3 children.

More than half of the adults (54.8%) and all the children were male. Mean age at the
date of the first serum sample with decreased IgM was 61 (range 33-86) years in the adults
and 16 (range 16-17) years in the children. Mean follow-up time was 74.8 (range 20-133)
months in the adults and 102.7 (range 82-119) months in the children.

Clinical and laboratory features are described in Tables 2 (3 children) and 3 (42
adults). The onset and duration of symptoms could not be determined accurately in the
medical files. 24% of the adults and two of the three children were analyzed for suspected
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potential immunodeficiency. The others were detected during analysis for other problems,
however, 22% of these adults and the one child had a history of symptoms that could be
related to antibody deficiency (mainly infections). The majority (72%) of adults without such
symptoms remained asymptomatic during follow-up; 28% developed symptoms that could be
related to antibody deficiency. In none of the patients a family history of immunodeficiency
was found in the medical charts. Only 7% (2 adults and 1 child) completely fulfilled the ESID
criteria for true slgMdef.

The first serum IgM level in possible or true sigMdef cases ranged from <0.2 to 0.39
g/l (mean 0.30 £ 0.84) in the adults and from 0.28 to 0.38 g/l (mean 0.34 + 0.05) in the
children. First serum IgA levels were increased (>4.0 g/l) in 7 adults (17%). Serum IgE levels
were determined in 6 adults and 1 child (mean 133 + 182 U/ml; range 5-410 U/ml); they were
elevated (>90 U/ml) in 2 adults. None of the patients were treated with IVIG or prophylactic
antibiotics.
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DISCUSSION

We studied true sigMdef (according to the ESID diagnostic criteria) by reviewing the
literature and by analyzing decreased serum IgM in our secondary hospital population. Our
main finding is that true sigMdef is probably very rare. Unfortunately, when a decreased
serum IgM level is found, it is rarely fully analyzed. In most cases in our cohort serum IgM
levels were determined only once (86%). When proven persistently decreased, further
immunological analysis is often not performed (data on 1gG-subclasses and/or vaccination
responses were lacking in 74% of the literature cases and 93% of the cases in our cohort).
Also, different criteria for ‘selective IgM deficiency’ are used in the literature; in a quarter of
the cases, the deficiency is not ‘selective’, other immunological abnormalities were present.
Eight literature cases even showed clinical and/or laboratory signs fitting combined
immunodeficiency; these should not be classified as a form of ‘predominantly antibody
deficiency’. Sixty-three (24%) literature cases fitted the ESID classification ‘unclassified
antibody deficiency’. These patients with concomitant defects in specific antibody production
(SPAD) and/or 1gG-subclass deficiencies may be at risk of more severe and frequent
infections, comparable to the increased number of lower respiratory tract infections and
bronchiectasis in patients with IgA deficiency in combination with 1gG-subclass deficiency
and/or SPAD (15). Patients with recurrent and/or severe infections and decreased serum IgM
levels in combination with SPAD, have been described to benefit from immunoglobulin
treatment (4,16).

Routine determination of serum IgM is advised in many medical protocols, mainly for
adults; we showed in our cohort that this leads to many incidental findings of decreased serum
IgM. The relatively common finding of a low serum IgM level in — immunologically speaking
— asymptomatic adults (see Table 3), often not followed by further evaluation, warrants
reevaluation of these medical protocols. In our cohort, secondary decreased serum IgM was 5
times more prevalent in adults and 2.5 times more prevalent in children than the primary
form. Hobbs et al. reported that secondary decreased IgM was 20 times more prevalent than
the primary form in 1975 (17). This may be explained by the fact that age-related reference
values have changed over the years, as the sensitivity of the methods used to measure serum
IgM.increased (Hobbs et al. <0.47 g/l >3 years, our cohort <0.21 g/l <6 years, <0.13 g/l <16
years and <0.40 g/l >16 years). Anyway, the first reaction to finding a low IgM should be to
exclude a secondary cause.

The fact that only a few incidental findings of decreased serum IgM were followed by
further evaluation in our cohort, suggests that the perceived medical problems were mild.
Most of our incidentally diagnosed cases with true or possible sigMdef did not have a history
of symptoms related to antibody deficiency (76%), and that often remained to be the case
during follow-up (72%) (on the other hand, 28% later developed symptoms that could be
related to antibody deficiency). The higher prevalence of various associated diseases in the
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literature cases (1) is probably related to the fact that these patients had been referred to
specialized allergy and immunology clinics (4-6).

Interestingly, possible or true sigMdef was more frequently observed in males in our
cohort. This parallels the observed male predominance in the literature. However, also among
healthy controls low IgM levels are more common in males (18-21), and there are some
reports of low serum IgM levels among fathers of patients (22,23). It would be of interest to
investigate this gender difference further.

The limitation of our study is of course its retrospective design. We collected our
cohort data from the medical files, which were not collected with a research purpose in mind.
Therefore, we could not correct for environmental factors and genetic polymorphisms that
may influence serum IgM levels (3). However, although very interesting on a population
basis, these factors are probably not very helpful in directing decisions regarding individual
patient care in the doctor’s consulting room.

In.conclusion, our review of the literature and retrospective secondary center cohort
study on decreased serum IgM, illustrate the challenge of determining the clinical significance
of a serum sample with decreased IgM. The diagnosis could rarely be made with certainty, but
truly selective primary IgM deficiency is probably very rare. Our strict definitions and
thorough analysis of the available information have yielded the largest cohort study so far.
Still a larger cohort of true sigMdef patients is needed to fully explore the clinical
consequences; the ESID online Registry would be a good tool for this.
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Figure legends

Figure 1. Patients with truly selective primary IgM deficiency in the literature (according to
the ESID Registry clinical diagnosis criteria).

Abbreviations: PAR, pneumococcal antibody response; sigMdef, selective IgM deficiency;
unPAD, unclassified primary antibody deficiency.

Supplementary Figure 1. Identification of papers that report on patients with decreased
serum IgM (date: 10 May 2017).

Abbreviations: slgMdef, selective IgM deficiency; unPAD, unclassified primary antibody
deficiency.

Supplementary Figure 2. Patient selection.

Abbreviations: CF, cystic fibrosis; 1g, immunoglobulin; pt, patient; sigMdef, selective IgM
deficiency.
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Table 1. Adult patients from the literature. The 3 adults with true and 164 adults with possible selective primary IgM deficiency from the literature (definition of true
selective IgM deficiency (slgMdef) according to the ESID registry clinical diagnosis criteria).

Year Reference Reported Age Clinical manifestation(s) that could be related to antibody Familial SerumIgM IVIG
patients’ Years/gender deficiency” cases level (g/1) (yes/no)
ESID criteria completely fulfilled (true slgMdef)
2009 (4) 3 79/M Asthma, myalgia, fatigue No 0.18 No
39/F Recurrent respiratory infections, allergic rhinitis, asthma, No 0.16 No
myalgia No 0.39 No
55/M Recurrent shingles, myalgia, arthralgia, fatigue
ESID criteria not completely fulfilled: data on IgG subclasses and/or pneumococcal antibody responses lacking (possible slgMdef)
1967 (22) 5 Adult/Mm Asymptomatic Yes 0.40 No
Adult/m Asymptomatic Yes 0.40 No
Adult/Mm Asymptomatic Yes 0.45 No
Adult/Mm Asymptomatic Yes 0.30 No
Adult/F Asymptomatic Yes 0.30 No
1970 (24) 10 20/M Bacterial infections, asthma n.r. 0.36 No
23/M Allergic rhinitis n.r. 0.41 No
28/M Bacterial infections, asthma n.r. 0.42 No
30/M Bacterial infections, asthma, atopic dermatitis n.r. 0.41 No
31/M Bacterial infections, asthma n.r. 0.35 No
33/M Bacterial infections, atopic dermatitis n.r. 0.24 No
48/M Asthma n.r. 0.41 No
50/M Asthma n.r. 0.43 No
56/M Asthma n.r. 0.41 No
75/M Bacterial infections, asthma n.r. 0.35 No
1973  (25) 2 22/M CMV hepatitis Yes 0.28 No
20/M Psittacosis Yes 0.33 No
1975 (17) 70 n.r. Recurrent respiratory infections(59%), asymptomatic (19%) n.r. n.r. No
1976 (26) 2 72/M No No 0.15 No
60/M Tuberculosis pneumonia No 0.04 No
1978 (27) 1 48/M Pneumonia, sepsis, rheumatic heart disease n.r. 0.21 No
1981 (28) 1 21/M Smallpox, pneumonia, died from infection No 0.20 No
1981 (29) 1 85/M No n.r. 0.17 No
1982 (30) 1 65/M No n.r. 0.01 No
1984 (31) 1 66/M Stomach leiomyoma n.r. 0.08 No
1986 (32) 7 58/M Urinary tract infection, pulmonary tuberculosis n.r. 0.20 No
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1987

1992

2004
2006
2009

2009
2015
2016

(33)

(34)

(35)
(5)
(4)

(36)
(37)
(2)

23

73/F
71/F
53/F
29/F
30/M
48/M
44/F
62/F
60/F
51/F
50/M
57/M
22/M
34/M
57/M
37/F
23/M
Unknown®
69/M
44/F
44/F
76/M
46/F
n.r.
52/M
57/M
45/M
48/M
50/F
32/M
55/F
63/M
57/M
48/M
50/M
30/M

Urinary tract infection, respiratory infection
Urinary tract infection, pneumonia

Urinary tract infection, rheumatoid arthritis
Urinary tract infection, respiratory infection, SLE
Urinary tract infection, SLE

Pneumonia

SLE-like

Asthma

Lymphoma

SLE

Liver abscess, cholangitis, dermatitis

Diabetes mellitus

Streptococcal infection

Chronic tonsillitis, bronchitis, psoriasis pustulosa
Diabetes mellitus, polyarthritis

Asymptomatic

Recurrent respiratory infections, allergic rhinitis, asthma
n.a.

Asthma, rhinorrhea

Chronic sinusitis

Recurrent sinus infections, allergic rhinitis, rash
Recurrent respiratory infections

Recurrent respiratory infections, rheumatoid arthritis
n.r.

CEP, pericarditis, allergic rhinitis, asthma, celiac disease
Asymptomatic

Urinary tract infection (2x)

Atopic dermatitis, allergic rhinitis, food allergy
Atopic dermatitis, allergic rhinitis

Atopic dermatitis

Asymptomatic

Asymptomatic

Asymptomatic

Asymptomatic

Asymptomatic

Asymptomatic

n.r.
n.r.
n.r.
n.r.
n.r.
n.r.
n.r.
n.r.
n.r.
n.r.

No
No
No
No
No
No
No
No
No
No
No
No
No

n.r.

No
No
No
No
No
No
No
No
No
No
No
No

0.14
0.11
0.17
0.25
0.06
0.10
0.26
0.23
0.08
0.10
0.18
0.06
0.32
0.01
0.004
0.34
0.28
0.32
0.39
0.27
0.28
0.30
0.39
n.r.
0.32
0.19
0.29
0.27
0.25
0.27
0.23
0.27
0.19
0.29
0.16
0.26

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
Yes
No
No
Yes
No
No
No
n.r.
No
No
No
No
No
No
No
No
No
No
No
No
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2016 (14) 10 Unkown® n.r. n.r. Unknown n.r.

Abbreviations: CEP, chronic eosinophilic pneumonia; CMV, cytomegalovirus; ESID, European Society for Immunodeficiency; F, female; Ig, immunoglobulin; IVIG, intravenous
immunoglobulin; M, male; n.a., not applicable; n.r., not reported; SLE, systemic lupus erythematosus.

a)Only reported patients fulfilling the criteria for reported true or possible primary sigMdef are described in this table.

b)The difference between “asymptomatic” and “no” is that “no” refers to patients who were screened for problems not related to antibody deficiency in contrast to
asymptomatic patients, who had no clinical problems at all.

c)70 patients were reported without specific age indications or exact IgM levels in this paper.

d)Clinical manifestations of patients were not separately described in this paper. Mean age at diagnosis of the whole group was 54 years; 11 males, 12 females. One patient
was treated with 1VIG because of refractory asthma.

e)Patient data were not separately described in this paper. Of the twenty described patients, 50% had also specific antipolysaccharide antibody deficiency, and fulfilled the
criteria for ‘unclassified antibody deficiency’. Therefore, these 10 patients were not included in this table. Age range of the whole group: 24 years-56 years, F:M ratio
1.1:1.0, serum IgM range: 0.04 g/l to 0.32 g/I.
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Table 2. Paediatric patients from the literature and our cohort. The 3 paediatric patients from our cohort and 31 paediatric patients with true or possible selective primary
IgM deficiency (slgMdef) from the literature.

Year Reference Reported Age Clinical manifestations that could be related to Serum IgM IVIG
patients Years/gender antibody deficiency level (g/1) (yes/no)
ESID criteria completely fulfilled (true slgMdef)

Our cohort 16/M URTI, growth retardation, verrucae vulgares, RLS 0.36 No

2008 (6) 2 10/M Recurrent otitis media 0.21 No
12/M Pneumonia 0.30 No

2009 (38) 1 6/M Multiple recurrent impetigo 0.21 No

Data on IgG subclasses present, but no data on pneumococcal antibody responses (possible slgMdef)
No cases
Data on pneumococcal antibody responses present, but no data on IgG subclasses (possible slgMdef)
2013 (39) 16 Unknown® n.r. n.r. n.r.
No data on pneumococcal antibody responses and no data on IgG subclasses (possible slgMdef)

Our cohort 16/M Recurrent infections, asthma, verrucae vulgares 0.28 No

Our cohort 17/M Depression, long-lasting fatigue 0.38 No

1967 (22) 1 5/M Meningococcal meningitis, died from infection 0.12 No

1971 (13) 1 o/M Recurrent pseudomonas infections 0.00 No

1973 (40) 1 2/F Recurrent otitis media, laryngitis, meningitis 0.08 No

1973 (25) 1 13/M CMV hepatitis 0.26 No

1973 (41) 2 4/m Meningitis 0.34 No
1/M Asymptomatic 0.36 No

1986 (42) 1 16/F Disseminated molluscum contagiosum 0.04 No

1989 (12) 1 3/M Recurrent infections 0.00 No

2001 (43) 1 10/M Recurrent sinusitis, pneumonia, chronic staphylococci  0.23 No

blepharitis

2005 (23) 1 o/M Pseudomonas septicemia 0.12 Yes

2009 (44) 1 6/M Chronic recurrent multifocal osteomyelitis 0.20 No

2010 (45) 1 16/M Refractory giardiasis 0.21 No

Abbreviations: CMV, cytomegalovirus; F, female; Ig, immunoglobulin; IVIG, intravenous immunoglobulin; M, male; n.a., not applicable; n.r., not reported; URTI, upper
respiratory tract infection; RLS, Raynaud-like symptoms.
a)Patients were not separately described in this paper. Median age at diagnosis was 4.2 years; 10 males, 6 females.
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Table 3. Adult patients from our cohort. The 42 adult patients with true or possible selective primary IgM deficiency (slgMdef) from our cohort.

Patient _Age Reason(s) for determining serum IgM level Manifestation(s) during follow-up that First serum IgM  Last serum
Years/gender could be related to antibody deficiency  level (g/1) IgM level (g/1)
10 adults analysed for potential immunodeficiency
ESID criteria completely fulfilled (true sigMdef)
1 54/F Recurrent respiratory infections, asthma, AR Long-lasting fatigue, keratitis 0.26 0.27
2 41/M Recurrent respiratory infections, asthma - 0.23 0.26
Data on IgG subclasses present, but no data on pneumococcal antibody responses (possible slgMdef)
3 33/M Recurrent respiratory infections, asthma - 0.29 0.24
4 33/F Recurrent vaginal candidiasis, weight loss - 0.24 0.24
5 68/F Pneumonia CREST-syndrome, ABPA 0.37 0.30
6 73/F Recurrent pneumonia, bronchiectasis, AR Chronic sinusitis 0.36 0.29
Data on pneumococcal antibody responses present, but no data on IgG subclasses (possible sigMdef)

7° 34/M Arthralgia Erysipelas <0.20 <0.20

No data on pneumococcal antibody responses and no data on IgG subclasses (possible sigMdef)
8 53/F Recurrent UTI, sinusitis Inflammatory nodular hand 0.26 0.24

osteoarthritis
9 71/M Pneumonia, bronchiectasis - 0.26 0.22
10 76/F Non-healing ulcer on feet Depression, bronchiectasis, UTI <0.20 <0.20
7 adults diagnosed during analysis for other problems; history of symptoms that could be related to antibody deficiency
No data on pneumococcal antibody responses and no data on IgG subclasses (possible sigMdef)
serum IgM ordered by a neurologist
11 45/M Migraine - 0.24 0.25
12 79/M Polyneuropathy Psoriasis 0.39 0.32
serum IgM ordered by an internist
13 55/F Liver test abnormalities - 0.38 0.31
14 58/F Liver test abnormalities - 0.35 0.32
15 60/M Collapsed vertebra - 0.23 0.23
16 73/M Renal insufficiency Chronic Q fever <0.20 0.21
17 51/M Long-lasting fatigue, Q fever infection - 0.26 0.33
25 adults diagnosed during analysis for other problems; no history of symptoms that could be related to antibody deficiency
No data on pneumococcal antibody responses and no data on IgG subclasses (possible slgMdef)
serum IgM ordered by a rheumatologist
18 68/M Arthralgia, RLS Cholecystitis, pharyngitis, infected 0.28 0.27
hematoma
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19 65/M Arthralgia, myalgia - 0.28 0.26
20 75/F Raynaud-like symptoms Basal cell carcinoma <0.20 0.22
21 51/M Arthritis urica Inflammatory arthritis 0.38 0.30
serum IgM ordered by an internist
22 67/F Hypoparathyroidism, hypothyroidism Abscess in thigh, infection of right hip 0.27 0.27
23 70/M Liver test abnormalities - 0.26 <0.2
24 62/F Weight loss - 0.37 0.30
25 52/F Micro-albuminuria, hypothyroidism Chronic Q fever 0.22 0.27
26 43/F Splenic infarcts, abdominal pain - 0.38 0.23
27 55/M Haematuria, recurrent kidney stones UTI, respiratory infection, cervical 0.35 0.37
lymphadenopathy
28 71/F Renal insufficiency - 0.32 0.31
29 45/M Renal insufficiency - 0.37 0.32
30 69/M Renal insufficiency - 0.37 0.32
serum IgM ordered by a neurologist
31 66/M Polyneuropathy - 0.36 0.31
32 67/F Polyneuropathy - 0.32 0.31
33 68/M Polyneuropathy Nodular basal cell carcinoma 0.39 0.37
34 72/F Polyneuropathy - 0.39 0.39
35 73/F Polyneuropathy - 0.32 0.36
36 74/F Polyneuropathy - 0.37 0.36
37 74/M Polyneuropathy - 0.33 0.37
38 58/F Polyneuropathy - 0.36 0.39
39 84/M Polyneuropathy - 0.37 0.36
40 86/M Polyneuropathy - 0.32 0.36
41 46/M Polyneuropathy - 0.32 0.23
42 63/M Polyneuropathy - 0.35 0.27

Abbreviations: ABPA, allergic bronchopulmonal aspergillosis; AR, allergic rhinitis; CREST, calcinosis, raynaud’s phenomenon, esophageal dysmotility, sclerodactyly,
teleangiectasia; ESID, European society for immunodeficiencies; F, female; Ig, immunoglobulin; M, male; RLS, Raynaud-like symptoms; UTI, urinary tract infection.

a)This patient was diagnosed during analysis for rheumatoid arthritis. He was referred to a university centre elsewhere for analysis for potential immunodeficiency when a
persistent decreased IgM level was discovered.
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Abstract Immunoglobulin M (IgM) provides the initial
response to foreign antigen and plays a regulatory role in
subsequent immune response development, accelerating the
production of high-affinity IgG. Though selective IgM de-
ficiency was described more than 45 years ago in children
with fulminant meningococcal septicemia, it has been large-
ly an ignored primary immunodeficiency. It appears to be
more common than originally realized. Selective IgM defi-
ciency is observed in both children and adults with no
gender bias. The most common clinical manifestation of
selective IgM deficiency is infections with extracellular
and intracellular bacteria, viruses, and fungi. Allergic diath-
eses are the second commonest presentation of selective
IgM deficiency. There is an increased prevalence of auto-
immune diseases, which in both humans and mice appear to
be secondary to selective IgM deficiency rather IgM defi-
ciency secondary to autoimmune diseases. Selective IgM
deficiency, in some cases, is associated with 22q11.2 chro-
mosome deletion and few familial cases of selective IgM
deficiency have been reported. Innate immunity is relatively
intact. T cells, T cell subsets, and T cell functions are normal.
However, several patients with selective I[gM deficiency and
T cell and NK cell defects with Mycobacterium avium
intracellulare infections have been reported. In a subset of
patients with selective IgM deficiency circulating IgM+ B
cells are decreased or completely lacking. Specific IgG
antibody responses against pneumococcus polysaccharides
are impaired in a subset of patients with selective IgM
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deficiency. The pathogenesis of selective IgM deficiency is
unclear; decreased T helper activity, increased isotype-
specific suppressor T cell activity, and intrinsic B cell de-
fects have been reported. Patients with selective IgM defi-
ciency and impaired pneumococcal antibody responses ap-
pear to respond to immunoglobulin therapy.

Keywords IgM deficiency - Autoimmunity - Malignancy -
Specific antibody deficiency

Introduction

During B cell development, the pre-B cell is the first cell
that synthesizes immunoglobulin peptide. The rearranged Ig
heavy chain gene is transcribed to produce a primary tran-
script that includes rearranged VDJ complex and proximal
(1 and 6) C genes. Subsequent processing of RNA leads to
splicing out the intervening sequences between VDJ com-
plex and Cp gene, resulting in a functional mRNA for p
heavy chain, which is then transcribed to produce a p chain
protein in Pre-B cells. This is a membrane form of p chain;
however, most of it remains within the cytoplasm because
chaperone proteins associated with newly synthesized p
chain, restrict their movement out of the cell. Most of the
cytoplasmic 1t chain in the pre-B cell is degraded and only a
small amount is expressed on the cell surface in association
with a surrogate light chain to form the pre-B cell receptor.
During next stage of maturation, each developing cell also
rearranges K or A light chain, which associates with p heavy
chain to produce a complete IgM protein, which is
expressed on the surface of immature B cells. During the
next stage of development to the mature B cell, the cells co-
express @ and § heavy chain in association with k or y light
chain, thereby producing both membrane IgM and IgD.
Both surface Igs have same V region, and therefore,
the same specificity. Mature naive B cells are antigen
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responsive, and respond to both protein and non-protein
antigens to undergo proliferation, and a few of these cell
differentiate into Ig secreting cells. IgM is the first Ig pro-
duced and is the immunoglobulin that is predominantly
produced in response to T-independent antigens such as
polysaccharides and lipid. Activated T cells secrete cyto-
kines and express CD40L. A small progeny of activated
IgM+IgD+ B cells upon engagement of CD40 and cytokines
undergo the process of heavy chain isotype (class) switching
resulting in the production of antibodies of different isotypes
such as IgG, IgA, and IgE [1]. Class switch occurs in
peripheral lymph nodes. In the germinal center of lymph
nodes, Ig V genes undergo point mutation (somatic
hypermutation) leading high affinity antibody producing B
cells [1, 2]. The importance of “antigen-induced” IgM anti-
body in protection against infection and autoimmune dis-
eases has been established in mice deficient in I[gM secretion
[3, 4]. In addition to “antigen-induced” IgM antibodies,
serum IgM in healthy individuals is also comprised of a
majority of “natural” autoantibodies that exhibit self reac-
tivity [5]. These antibodies appear to arise naturally without
actual antigen stimulation as they are present in human cord
blood and in mice housed in germ-free conditions. Natural
autoantibodies are unmutated and typically polyreactive.
These natural autoantibodies provide early defense against
pathogens [6] and play an important role in immune homeo-
stasis and modulation of innate and adaptive immune re-
sponses, and clearance of apoptotic cells (self antigens),
thereby conferring protection from autoimmune and inflam-
matory injuries [7]

Prevalence

The true prevalence of primary selective IgM deficiency is
unknown. The prevalence of complete primary selective
IgM deficiency in children in a community-based survey
was reported in 1970s to be 0.03 % [8]. The prevalence of
deficient but detectable levels of IgM was reported to be
0.1 % to 3.8 % in hospitalized patients [9—12], 1.68 % in
unselected community health screening [4], and 0.07 % in
an Allergy and Clinical Immunology clinic [13]. In a more
recent study of long-term follow-up [14], two of 421 chil-
dren with primary immunodeficiency had persistent selec-
tive IgM deficiency (0.5 %). Ozen et al. [15] reported 3
children with selective IgM deficiency among 131 children
with primary immunodeficiency (2.1 %). In our Primary
Immunodeficiency clinic, among 451 patients with primary
immunodeficiency, we are currently following 25 adult
symptomatic patients with persistent primary selective IgM
deficiency (6 %); 15 were previously reported [16]. The
selective IgM deficiency appears to be equally distributed
among male and female.
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Genetics

No definitive inheritance pattern has been reported in patients
with selective IgM deficiency. However, only a few family
studies have been reported. Since some of these patients are
asymptomatic, and therefore, serum immunoglobulins have
not been performed on family members. Few familial cases,
however, have been reported. Yocum et al. [17] reported
selective IgM deficiency in three generation of males in one
family. We have a mother and daughter with selective IgM
deficiency and specific antibody deficiency who presented
with recurrent infections (unpublished data). Selective IgM
deficiency has also been reported with a genetic disorder
Russell-Silver syndrome, a growth disorder, which possibly
involving hypomethylation of H19 and IGF2 [18]. A number
of chromosomal abnormalities, including of chromosome 1,
18, and 22ql1.2 have also been reported in patients with
selective IgM deficiency [19-21]. Kung et al. [21] described
selective IgM deficiency in two patients with 22q11.2 deletion
syndrome, a 6-year-young boy who presented with chronic
rhinitis and recurrent sinusitis and pneumonia, and a 14-year-
young girl who presented with failure to thrive and
mucopurulent discharge from nostrils. No cardiac, pulmonary,
or neurological abnormalities were present. Al-Herz et al. [22]
also reported selective IgM deficiency in a 15-year-young girl
with 22q11.2 deletion syndrome. Others have also reported
selective IgM deficiency with 22q11.2 deletion syndrome [23,
24]. Gennery et al. [23] reported low IgM levels in 3 of 32
patients with 22q11.2. However, through careful analysis of
these cases, it appears that two of these cases are likely to be of
common variable immunodeficiency and only one case is of
selective IgM deficiency. It has been proposed that since the
genetic sites of the V, J, and C regions of A light chain are in
22q11.2 region, it may be responsible for decreased immuno-
globulin synthesis [22]; however, it cannot explain selective
IgM deficiency with normal IgG and IgA. Nevertheless, it
would be of interest to examine a large cohort of 22q11.2
patients for selective IgM deficiency.

Clinical Features

Although selective immunodeficiency has been associated
with various infections (Table 1) including upper and lower
respiratory tract infection such as recurrent otitis media,
chronic sinusitis, bronchitis, bronchiectasis, pneumonia,
deep tissue and liver abscess, cellulitis, meningitis, sepsis,
diarrhea, cholangitis, hepatitis, chronic moniliasis, and al-
lergic rhinitis/asthma or anaphylaxis [9, 11-13, 16, 17,
24-33], it may also occur in asymptomatic individuals
[12]. In children with selective IgM deficiency, infectious
manifestations are more common and allergic and autoim-
mune diseases and malignancies are infrequent [34],
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Table 1 Clinical pre-
sentations in selective
IgM deficiency

Upper respiratory tract infections
Otitis media
Sinusitis
Bronchitis
Pneumonia
Allergic rhinitis
Allergic asthma
Atopic dermatitis
Anaphylaxis
Diarrhea

Liver abscess
Cholangitis
Chronic moniliasis
Sepsis

Meningitis
Vaccinia
Fibromyalgia
Vericella zoster infection
Cellulitis
Recurrent impetigo
Pyelonephritis

whereas in adults with selective IgM deficiency, though re-
current upper and lower respiratory tract infections are com-
mon, allergic and autoimmune diseases are also frequently
present [13, 16]. Patients with selective IgM deficiency may
present with a variety of dermatological manifestations in-
cluding deep skin abscesses, recurrent impetigo, pyoderma,
siddeminated molluscum contageosum, CD34+ cutaneous
lymphoproliferative disorder, and epidermaldysplasia
verruciformis [13, 29, 35-38]. A number of autoimmune
diseases and malignancies have also been reported in associ-
ation with selective IgM deficiency,

Infections More than 80 % of patients present with recurrent
infections [13, 16]. Infections may be caused by a variety of
extracellular and intracellular bacteria, protozoan, viruses,
and fungi (Table 2); some of these bacterial infections
resulting in meningitis and sepsis could be life-threatening.
Infection with Aspergillus species is intriguing [16].
Kutukchular and Gulez [14] reported a long-term follow-
up (34.1£22 months) of 37 children (mean age 51.5+
25.8 months) with symptomatic hypogammaglobulinemia
among 421 children who were diagnosed with primary
immunodeficiency. The commonest clinical presentations
included upper and lower respiratory tract infections, uri-
nary tract infections, and gastroenteritis. In several of these
patients, spontaneous correction of various immunoglobulin
deficiencies (IgG, IgA, and IgM) was observed. However,
two children remained selective IgM deficient. Therefore, a

Table 2 Infections in
primary selective IgM
deficiency

Staphylococcus aureus
Psuedomonas aerugenosa
Sterptoccocus pneumniae
Neisseria Meningitides
Hemophilus influenza
Mycobacterium tuberculosis
Moycobacterium avium icomplex (MAC)
Listeria monocytogenes
Brucella abortus

Giardia lamblia
Aspergillus fumigates
Pneumocystis carinii
Varicella zoster
Cytomegalovirus

Molluscum contagiosum

diagnosis of selective IgM in children should be established
after a follow-up of their immunoglobulin levels.

These observations support that IgM is an important
component of host defense against various microorganisms.
It also appears that normal serum levels of IgG, i.e., sec-
ondary antibody response, cannot compensate for the defec-
tive IgM response at least under certain circumstances.
However, one cannot conclude a cause—effect relationship
between low IgM levels and recurrent infections. Despite
normal IgG levels, specific antibody response to polysac-
charide antigens may be defective. This association is
shown as impaired antibody response to pneumococcal
polysaccharide antigens in 45 % of 11 tested patients [16].
All of those patients presented with recurrent or severe, life-
threatening infections. Nevertheless, our data do not support
the opinion that the specific antibody defect in patients with
IgM deficiency per se would be the cause of susceptibility to
infections, since 5 out of 6 patients whose specific antibody
production appeared to be intact experienced recurrent in-
fections as well. Therefore, susceptibility to infections in
IgM deficiency is probably due to a number of contributing
factors of which specific antibody deficiency appears to be
important factor.

Naive B cells from mutant mice deficient in IgM secre-
tion, following antigen stimulation, undergo Ig isotype
switching to other immunoglobulin isotypes; however, these
animals are unable to control viral, bacterial, and fungal
infections due to lack of serum IgM and inefficient induc-
tion of a protective IgG antibody response [3, 39, 40], which
is analogous to patients with selective IgM deficiency.

Allergic Diseases In our experience of adult patients with
selective IgM deficiency, approximately 25 % of patients
have allergic rhinitis/asthma [16]. In our series, the second
most common manifestation was allergic disorders (33 %);
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this is in parallel with the results of Goldstein et al. [13] in
adults who found the frequency of asthma and allergic
rhinitis to be 47 % and 36 %, respectively. The association
of IgM deficiency and atopy was described previously in 10
patients with asthma by Kaufman and Hobbs [41]. Some
other reports have also noted an association between atopic
diseases and selective IgM deficiency [25]. However, it is
not easy to explain the mechanism of this association since it
is not clear why and how a low IgM would cause a shift
from Th1 towards a Th2 response, which is the basic mech-
anism in allergic disorders. In addition, not all of these
atopic patients had elevated serum IgE levels and/or eosin-
ophilia. It is also important to keep in mind that the preva-
lence of atopic disorders can be as high as 20-25 % in the
general population.

Autoimmune Diseases A number of autoimmune diseases
(Table 3) have been described in association with selective
IgM deficiency [42—51]. Though selective IgM deficiency
has been considered secondary to autoimmune disorders,
there is no evidence to support this notion. A possibility
should be entertained that autoimmune disorders associated
with selective IgM deficiency are secondary to primary
selective IgM deficiency because patients with other prima-
ry immunodeficiency diseases also have higher incidence
and prevalence of autoimmune diseases [52]. There are no
large long-term follow-up studies of patients with selective
IgM deficiency. In long-term follow-up of our patients, we
have observed development of autoimmune diseases in 2 of
25 patients with selective IgM deficiency a few years follow-
ing the diagnosis of selective IgM deficiency (unpublished
data). Antar et al. [46] described an adult patient with selective
IgM deficiency and recurrent infections who later developed
autoimmune glomerulonephritis. These observations suggest
that autoimmune diseases may be secondary manifestations of
primary selective IgM deficiency. A role of both “natural” and
“antigen-induced” IgM in protection against autoimmunity
and autoimmune diseases is well established in mice deficient

Table 3 Autoimmune
diseases associated
with selective IgM
deficiency

Systemic lupus erythematosus

Rheumatoid arthritis

Hashimoto’s thyroiditis

Autoimmune hemolytic anemia

Crohn’s disease

Celiac disease

Vitligo

Polymyositis

Autoimmune glomerulonephritis

Chronic idiopathic thrombocytopenic
purpura
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in secreted IgM [3, 53]. Autoimmune pathology associated
with IgG autoantibodies is exacerbated in mutant mice with
deficient secreted IgM, possibly because of impaired clear-
ance of autoantigen expressing apoptotic cells [4, 46].
Ehrenstein et al. [54] demonstrated that mice deficient in
serum IgM have an increased propensity to spontaneous au-
toimmunity as evidenced by the development of serum IgG
anti-DNA antibodies and the renal deposition of IgG and
complement. These mice exhibit increased anti-DNA IgG
production on exposure to lipopolysaccharide. More recently,
several investigators have demonstrated that effector functions
of IgM with regard to enhancement of antibody responses and
suppression of autoimmunity are mediated via interaction of
IgM with Fcu receptor. Ochida et al. [55] reported that phe-
notype of FcuR-deficient mice is similar to but not as severe
as CD19-deficient mice [56] in terms of decreased marginal
zone B cells, impaired germinal center formation, and reduced
antibody production to T-independent and T-dependent anti-
gen, and impaired memory response. In addition, they ob-
served that these mice, both male and female, produced ele-
vated levels of IgG autoantibodies (anti-dsDNA, rheumatoid
factor, and antinuclear antibodies) as they aged. It is interest-
ing to note that autoimmune diseases are more common in
adult patients with selective IgM deficiency than children with
selective IgM deficiency. Although the precise mechanism of
IgM-mediated suppression of autoimmunity is unclear, one of
the possibilities that have been entertained is that the IgM—
autoantigen complex may cross-link FcuR and BCR on
autoreactive B cells and trigger their deletion/anergy. The
phenotype of FcpuR-deficient mice resembles that of mice
lacking secreted IgM with regard to reduced specific antibody
responses and development of autoantibody production [3,
53, 57]. Thus, deficiency in serum IgM may explain a paradox
of diminished responsiveness to foreign antigens (therefore,
increased susceptibility to infections) and increased respon-
siveness to self-antigen resulting in autoimmunity and auto-
immune diseases in patients with selective IgM deficiency.

In addition, to effector function of IgM in self tolerance,
other mechanisms of autoimmunity in patients with selec-
tive IgM deficiency may be explored. A possibility of lost
tolerance either at the level of bone marrow (receptor
editing) and/or in the periphery secondary to a deficiency
of isotype-specific regulatory T cells may be entertained. In
addition, selective IgM deficiency might also have
decreased or absence of natural IgM autoantibodies,
resulting in impaired clearance of apoptotic cells (self anti-
gens) leading to the development of autoimmune diseases.
These possibilities are currently under investigation in our
laboratories.

Malignancies There are only few cases of malignancy with
selective IgM deficiency that have been reported [38,
58-60]. These include clear cell sarcoma, multiple
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myeloma, non-Hodgkin’s lymphoma, primary cutaneous
anaplastic large cell CD30+ lymphoma, promyelocytic leu-
kemia, hepatocellular carcinoma, and stomach Leiomyoma.
Any cause and effect relationship remains unclear. These
malignancies may be just coincidental findings, or second-
ary to B cell defects (in B cell malignancies), or due to an
increased susceptibility to malignancies as in other primary
Immunodeficiency diseases. One patient with selective IgM
deficiency and angioedema developed non-Hodgkin’s lym-
phoma one year after the diagnosis of selective IgM defi-
ciency [16]. It is still possible that it might have been a low
grade lymphoma therefore explaining the delay in the diag-
nosis of lymphoma, and the selective IgM deficiency being
secondary to lymphoma. In a patient with clear cell carci-
noma, co-culture of mononuclear cells in vitro suppressed
IgM secretion by normal B cells, suggesting increased sup-
pressor cell activity may be responsible for selective IgM
deficiency [58].

Immune Response in Selective IgM Deficiency

Various abnormalities in T and B cell numbers and functions
have been reported in selective IgM deficiency [16, 17, 35,
36, 61-66]. In contrast, innate immune responses appear to
be preserved, including a number of polymorphonuclear
leucocytes, natural killer cells, and monocytes [65].
Neutrophil functions, including chemotaxis, phagocytosis,
bactericidal killing, and levels of complement components
are normal [36, 63, 65].

Lymphocyte Phenotype

In the majority of patients with selective IgM deficiency,
surface [gM+ B cells (sigM+), CD19+ B cells, and CD20+
B cells are normal (16, 17. 64). However, low to complete
lack of sIgM+ or CD19+ or CD20+ B cells has been
reported [16, 64, 65]. We observed decreased number of
peripheral blood CD19+ B cells in 2 of 15 subjects and
complete lack of CD19+ B cells in one of 15 patients with
selective IgM deficiency [16]. Inoue et al. [61] reported
three patients with decreased B cells; however, two of them
also had decreased expression of sIgM, sIgG, and sIgA. In
only one patient, selective sIgM+ expression was de-
creased. Ideura et al. [65] reported decreased number of
memory B cells in a single patient with selective IgM defi-
ciency who presented with bronchial polyp. Belgemen et
al. [36] observed decreased class-switched memory B
cells in a patient with selective IgM deficiency. In
IgM-deficient mice as well as FcuR mutant mice, there
is an impaired germinal center formation and decreased
memory cells [55].

Serum Immunoglobulins and Specific Antibody Responses
Serum Immunoglobulins

Serum IgM levels in selective IgM deficiency ranged from
undetectable (complete absence) to levels below 2 SD of the
mean (partial deficiency). IgM deficiency was first de-
scribed by Hobbs et al. [11] in 1967, when 2 male children
with fulminant meningococcal septicemia were found to
have low levels of IgM. In our 15 cases, IgM levels ranged
between 14 and 39 mg/dl [20]. Since this publication, we
have an additional ten patients with selective IgM deficiency
in whom serum IgM levels ranged from 3 to 47 mg/dl
(unpublished data). IgG and IgA levels are normal.
However, a few cases of associated low IgG subclasses have
been reported [16, 65], a condition very similar to selective
IgA deficiency, which is also occasionally associated with
IgG subclass deficiency. We reported one of 15 patients with
primary selective IgM deficiency with IgG3 subclass defi-
ciency [16]. Ideura et al. [65] reported 1gG4 subclass defi-
ciency in a patient with selective IgM deficiency who
presented with fibroepithelial bronchial polyp and possibly
drug-induced exanthema. The clinical significance of asso-
ciated IgG subclass deficiency with selective IgM deficien-
cy is unclear since these patients did not have any difference
clinical course than those who had no IgG subclass defi-
ciency. Interestingly, elevated serum IgE levels have been
observed more frequently than deficiency of IgG subclasses
in patients with selective IgM deficiency [16, 17, 63, 66,
67]. Yamasaki [66] observed elevated IgE in 2 of 7 patients
with selective IgM deficiency. Yel et al. [16] had one of 10
patients with elevated IgE. Inoue et al. [61, 67] reported 2 of
7 patients with elevated IgE. Though atopic manifestations
are the second most common presentation in patients with
selective IgM deficiency, there is no correlation between
elevated IgE levels and presence or absence of atopic dis-
eases or positivity of skin tests to allergens, and no correla-
tion was observed between clevated IgE levels and deep
skin abscesses or pneumonia, which are commonly ob-
served in hyperimmunoglobulinemia E syndrome.

Specific Antibody Responses

Natural isohemagglutin (IgM) are diminished in a subset of
patients with selective IgM deficiency [22, 25]. We reported
normal protective levels of tetanus IgG antibody titers in all
10 patients with selective IgM Deficiency [16]. Kung et al.
[21] also reported protective specific antibody titers against
tetanus and diphtheria in 2 children with selective IgM
reported. In contrast, they observed that these patients had
impaired protective antibody titers against pneumococcus
polysachharides 7/12 and 4/12 serotypes. Yel et al. [16]
reported specific antibody response to pneumococcal
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polycassharides in 11 adults with selective IgM deficiency
following Pneumovax-23 vaccination. Three patients, two of
whom had recurrent infections, had adequate pneumococcal
antibody response at baseline and therefore, no Pneumovax-
23 vaccination was administered. Five (45 %) of 8 remaining
patients, who all presented with recurrent/severe infec-
tions, had impaired pneumococcal antibody responses
following Pneumavx-23 administration, which demon-
strates a specific antibody deficiency.

Lymphocyte Proliferative Response

The lymphocyte transformation in response to mitogens
phytohemagglutin, concanvalin A, and pokeweed mitogen,
recall antigens, Candida albicans, mumps, and tetanus tox-
oid, and alloantigens appear to be intact in selective IgM
deficiency [16, 17, 66].

Pathogenesis of Primary Selective IgM Deficiency

It is possible that I[gM deficiency represents a heterogeneous
disorder as evident by complete absence to partial deficien-
cy of serum IgM, normal to complete absence of circulating
B cells, normal to severely impaired specific antibody re-
sponses against pneumococcal polysaccharides, and chro-
mosomal association.

The pathogenesis of selective IgM remains to be defined.
De la Concha et al. [63] observed that the IgM-deficient
patients’ B cells produced normal amounts of IgM in vitro
when co-cultured with normal T cells, whereas the patients’
T cells demonstrated a decreased helper activity for IgM,
IgG, and IgA production. They proposed that a defect in T-
helper cell function was the most likely cause of decreased
IgM production. On the other hand, Matsushita et al. [67]
and Endoh et al. [68] hypothesized that in IgM deficiency,
terminal differentiation of B lymphocytes into IgM-
secreting cells in vitro was impaired, as observed in patients
with selective IgA deficiency. They demonstrated presence
of isotype-specific increased suppressor activity in IgM-
deficient patients. These findings were also reproduced in
2 other studies, with a significant number of patients having
decreased CD4/CDS ratios [61, 62]. Raziuddin et al. [69]
also observed increased IgM-specific T suppressor activity
in in vitro immunoglobulin synthesis assay. Yamasaki et al.
[66] and Karsh et al. [64] did not observe any defect in T
helper or T suppressor activity, suggesting an intrinsic B cell
defect. Kondo et al. [70] reported reduced secreted t mRNA
transcript in selective IgM deficiency associated with Bloom
syndrome. However, it is unlikely that decreased p chain
transcript is responsible for selective IgM deficiency since
other immunoglobulins are normal in patients with selective
IgM deficiency.
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Selective IgM Deficiency with T Cell Deficiency—A
Distinct Syndrome?

Selective IgM deficiency is commonly associated with normal
T cell functions. Recently, we described three adult patients
with selective IgM deficiency with severe T cell lymphopenia
(predominantly shared by CD4+ T cells), T cell functional
defects, and Natural killer cell function deficiency [71]. All
three patients had Mycobacterium avium complex (MAC) in-
fections. Furthermore, severity of MAC infection correlated
with severity of CD4 lymphopenia and T cell functions;
disseminated MAC infection was associated with more severe
CD4 lymphopenia and T cell functional deficiency as com-
pared to those with relatively mild MAC infection. These
functional defects and low serum IgM persisted even after
successful treatment of MAC. However, a role of IgM defi-
ciency (if any) in this clinical complex remains unclear. All
these patients were negative for HIV infection. Does this
represent a distinct syndrome remain to be determined?
Raziuddin et al. [69] reported a 9-year-old girl with selective
IgM deficiency (complete lack of serum IgM) with Brucella
abortus infection who had almost complete absence of CD4
during acute phase of infection. Following 5 weeks of therapy,
patients CD4+ T cells returned to normal and serum IgM was
detectable; however remained low on further follow-up.

Immunoglobulin Therapy

The treatment of patients with IgM deficiency is challeng-
ing. Patients who do not have adequate response to poly-
saccharide pneumococcal vaccine may benefit from vacci-
nation with the conjugated pneumococcal vaccine. In theo-
ry, immunoglobulin replacement would be ideal. However,
there is no immunoglobulin product that renders IgM anti-
bodies. Therefore, it is not easy to supplement these patients
with immunoglobulin products which mainly provide im-
munoglobulin of the IgG isotype. Nonetheless, other con-
stituents of the immunoglobulin preparations, such as cyto-
kines and growth factors, may act as adjuvants to the im-
paired immune system. In our published series, among five
IgM-deficient patients with susceptibility to infections, four
with associated specific antibody deficiency, were treated
with intravenous immunoglobulin [16]. The outcome in all
patients was favorable in regard to frequency and severity of
infections. However, no changes in serum IgM were ob-
served, excluding the possibility that cytokines or growth
factors in immunoglobulin preparations may somehow help
IgM levels. Since our publication [16], we have now treated
five additional symptomatic adult patients with selective
IgM deficiency associated with specific antibody deficiency
with intravenous immuonoglobulin resulting in significant
reduction in the frequency and severity of infections.
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Stoelinga et al. [45] reported beneficial effect of Ig therapy
in a boy with selective IgM deficiency with specific anti-
body deficiency. Fallon [72] also treated patient with selec-
tive IgM deficiency with immunoglobulin. Therefore, an
association of specific antibody deficiency may be taken
as an indication for immunoglobulin treatment in IgM
deficiency.

In summary, selective IgM deficiency is more common
than previously recognized. Selective IgM deficiency may
be associated with often serious life-threatening infections.
Interestingly, patients with common variable immunodefi-
ciency with low serum IgM are clinically worse than those
with normal IgM levels. Autoimmunity may be secondary to
primary selective IgM deficiency rather than selective IgM
deficiency secondary to autoimmune diseases. Patients with
selective IgM deficiency should undergo a thorough immu-
nological evaluation, particularly in the presence of
recurrent/severe infections. Furthermore, immunoglobulin
treatment is a beneficial therapeutic approach for patients with
selective IgM deficiency who present with recurrent infections
in the presence of an associated defective specific antibody
response to pneumococcal and/or other antigens.
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Abstract IgA deficiency has been linked to increased mor-
bidity but data on mortality is lacking. In this population-
based prospective cohort study we examined mortality in
patients with IgA deficiency compared with the general
population. Through six university hospitals in Sweden we
identified 2,495 individuals with IgA deficiency (IgA
deficiency<0.07 mg/L) diagnosed between 1980 and 2012.
Each patient with IgA deficiency was matched on age, sex,
place of residence, and year of diagnosis with up to 10
general population controls (n=24,509). Data on education
level and emigration status were obtained from Statistics
Sweden. Our main outcome measure was all-cause mortality
retrieved from the nationwide Causes of Death Register,
which includes >99 % of all deaths in Sweden. We used
Cox regression to estimate mortality hazard ratios condi-
tioned on the matching factors and adjusted for education
level. During 25,367 person-years of follow-up (median 8.3),
there were 260 deaths in the IgA deficiency group versus 1,
599 deaths during 257,219 person-years (median 8.6) in the
general population controls (102 versus 62 deaths per 10,000
person-years; incidence rate difference, 40, 95%CI 28-53,
P<.001). This corresponded to a conditional mortality
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hazard ratio of 1.8 (95%CI 1.6-2.1, P<.001). Relative mortal-
ity varied by follow-up time (P <.001) from a hazard ratio of
3.6 (95%CI 2.5-5.3; P<.001) during the first year to 1.9
(95%CI 1.5-2.4; P<.001) year 1-4; 1.9 (95%CI 1.4-2.4;
P<.001) year 5-9; 1.5 (1.0-2.2; P=.054) year 10-14.9; and
1.1 (0.7-1.6; P=.66) year 15-25. Effect modification was also
seen by age in each stratum of follow-up time, with higher
relative mortality in younger than older patients (P <.001). In
conclusion, patients with IgA deficiency are at increased risk
of death in the first 10 to 15 years after diagnosis.

Keywords Autoimmune - death - IgA deficiency -
immunoglobulin - mortality

Introduction

Selective IgA deficiency is the most common form of immu-
nodeficiency in the western world. It has been reported to
affect 0.15-0.5 % of the population [1] corresponding to 0.5—
1.5 million US citizens. While most individuals with IgA
deficiency lack symptoms, this diagnosis has been linked to
an excess risk of comorbidity [2] such as autoimmune disease
[3, 4] and respiratory tract infections [1, 5]. Mellemkjaer et al.
reported an increased risk of lymphoma and possibly also
gastrointestinal cancers in patients with immunodeficiency
[6], but IgA deficiency did not appear to be associated with
an increased risk of cancer overall.

Despite earlier reports of increased co-morbidity in IgA
deficiency, we are not aware of any population-based study
that has examined mortality in this patient population. We
linked population-based data on IgA deficiency with mortality
data and examined the risk of death associated with the
disease. We hypothesized that IgA deficiency was associated
with excess mortality compared to general population controls
without IgA deficiency.

@ Springer


http://dx.doi.org/10.1007/s10875-013-9948-4

1318

J Clin Immunol (2013) 33:1317-1324

Methods

Through the unique personal identity number [7] assigned to
each Swedish resident, we performed a register linkage of
patients with IgA deficiency, as well as matched general
population controls, to mortality data from the nationwide
Causes of Death Register and the education register.

Study Participants

Individuals with IgA deficiency were identified from labora-
tory data from 1980 through 2012 at six university hospitals in
Sweden (Karolinska Hospital in Stockholm, Sahlgrenska hos-
pital in Gothenburg, the University hospital in Lund, the
University hospital in Linkoping, the University hospital in
Umea and the Academic hospital in Uppsala). These univer-
sity hospitals cater for both urban and rural areas. The samples
were collected from healthy blood donors, routinely screened
for IgA deficiency at 12 different blood transfusion centers in
Sweden, patients referred to the above six major clinical
immunology laboratories in Sweden for screening for gastro-
intestinal symptoms (anti-tissue transglutaminse, tTG) where
IgA levels are routinely measured, and patients referred to the
outpatient clinic for individuals with an increased infection
proneness at the Karolinska University hospital Huddinge.

IgA Deficiency

We defined IgA deficiency as having an IgA value<0.07 mg/L,
with normal IgM and IgG levels, in individuals >4 years of age
in accordance with the recommendations of the International
Union of Immunological Societies Expert Committee on
Primary Immunodeficiencies [8]. In the current study we
required that all participants had an IgA value<0.07 g/L
recorded after the age of 10 years. Only if levels are persis-
tently low after the age of 10 years can IgA deficiency be
established with confidence since younger children may still
have transiently low IgA values between 4 and 10 years of age
[1]. In Sweden, most laboratories use nephelometry to measure
total IgA levels.

Controls
Through the government agency Statistics Sweden, each pa-
tient with IgA deficiency was matched on age, sex, place of
residence, and year of diagnosis with up to 10 controls from
the general population. We did not have data on IgA levels in
controls.

Outcome

Data on overall and cause-specific mortality were retrieved
from the Swedish Causes of Death Register [9, 10]. The
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register contains data since 1961 and covers more than 99 %
of all deaths in Sweden [11]. According to relevant interna-
tional classification of disease (ICD) codes, we specifically
examined the following contributory causes of death (death
from cancer [ICD8/9 140-239; ICD10 C00-D48], cardiovas-
cular disease [ICD8/9 390-459; ICD10 100-199), respiratory
disease [ICD8/9 460-519; ICD10 J00-J99], and death from
other causes).

Follow-Up

We began follow-up at the date of first IgA deficiency value
(corresponding date in controls), or when the IgA measure-
ment took place in early childhood, at the age of 10 years since
we required an IgA value<0.07 g/L after that age for inclusion
in the study cohort. Follow-up ended with death, first emigra-
tion, or August 31, 2012, whichever came first.

Covariates

Data on education were collected through the government
agency Statistics Sweden, and a priori categorized as follows:
<9, 10-12, >12 years, and missing (separate category).

Statistics

To illustrate the absolute mortality rates in IgA deficiency
patients and matched controls from the general population,
incidence rates (deaths per 10,000 person-years) and Kaplan-
Meier curves are presented. We used Cox regression to esti-
mate conditional hazard ratios for overall mortality. In this
analysis we compared IgA deficiency individuals and their
matched controls stratum-wise, thereby eliminating the influ-
ence of the matching factors (age, sex, calendar year of birth,
and county). Additionally, we adjusted for highest attained
level of education.

The proportional hazards assumption was examined by
interacting IgA deficiency status with observation time, and
calculating hazard ratios by different periods of follow-up (0—
0.9,1-4.9,5-9.9, 10-14.9 and 15-25 years). The attributable
death fraction (the proportion of all deaths in individuals with
IgA deficiency that can be explained by the underlying dis-
ease) was calculated as 1-1/hazard ratio).

In pre-specified analyses we examined overall mortality
according to sex, age at IgA deficiency diagnosis (10-39, 40—
59, and >60 years), and calendar year of diagnosis (1980—
2004 versus 2005-2012). For these subgroup analyses we
restricted our Kaplan-Meier curves to the first 10 years of
follow-up due to low number of events thereafter. Interaction
terms between IgA deficiency status and sex, as well as age,
were also tested.
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Statistics were calculated using SAS (version 9.3) and
graphs drawn using Stata (version 11). P-values<.05 were
considered statistically significant.

Results

We identified 2,533 individuals who had been diagnosed with
IgA deficiency at any of the participating university hospitals.
Of these individuals, 10 had incorrect personal identity num-
bers, and another 7 were excluded by the government agency
Statistics Sweden due to potential data irregularities. An ad-
ditional 6 had re-used or changed their personal identity
numbers, and 3 had suspicious diagnosis dates, leaving 2,
508 IgA deficiency patients. Of these, 13 had no matched
controls, while the remaining 2,495 had on average 9.8 con-
trols each (ngoneois=24,509; Fig. 1).

Patient Characteristics

Fifty-six percent of the IgA deficiency patients were women,
and the mean age at identification was 37 years (range: 10—
89 years; median age: 36 vs 35 year in IgAD vs controls;
Table I). Of the included patients, 72 % had their first regis-
tration between 2000 and 2012, while another 11 % were
registered in the 1980s. A large number of individuals were
diagnosed at the age of 1015 years (n=410; 16 %), consis-
tent with our case definition that only those aged 10 years or
above with a low IgA value could be included in the study.

Mortality and Follow-Up

During 25,367 person-years of follow-up there were 260 deaths
among patients with IgA deficiency compared with 1,599
deaths during 257,219 person-years among matched general
population controls (102 versus 62 deaths per 10,000 person-
years; incidence rate difference, 40, 95%CI 28-53, P<.001;
conditional mortality hazard ratio, 1.8, 95%CI 1.6-2.1,
P<.001; Table ).

Patients with IgA deficiency
N=2533

Exclusions {n=25)

- Incorrect personal identification number (n=10)
Patential data iregularities [n=7)
Re-used personal identification number [n=4)
Changed personal Identification number (n=1}
Diagnosis dates before 1980 (n=3)

N=2508
——)I Patients with IgA deficiency without controls (n=13) I

N=2495

Fig. 1 Flow chart

Table I Participant characteristics

Matched controls
n=24,509

IgA patients
n=2495

Women, n (%)
Age at identification,” years

1404 (56 %) 13,793 (56 %)

Mean (SD) 37 (19) 37 (19)
Median (25th-75th percentile) 36 (20-52) 35(20-52)
Minimum-maximum 10-89 10-89

Age categories, n (%)

10-39 years 1423 (57 %) 14,005 (57 %)

40-59 years 676 (27 %) 6640 (27 %)

>60 years 396 (16 %) 3864 (16 %)
Education level,” n (%)

<9 years 582 (23 %) 5861 (24 %)

10-12 years 982 (39 %) 9501 (39 %)

>12 years 736 (29 %) 7236 (30 %)

Missing 195 (8 %) 1911 (8 %)
Identification period, n (%)

19802004 1506 (60 %) 14,797 (60 %)

20052012 989 (40 %) 9712 (40 %)

#Minimum age by definition: 10 years

b Highest reported level based on data from 1990, 1995, 2000, 2005, and
2009

The absolute mortality risks are shown in Fig. 2, illustrating
a violation of the proportional hazards assumption (P for inter-
action between IgA deficiency status and time with regards to
mortality was<.001). During the first year after identification,
the mortality hazard ratio was close to 4. From the 1st to 10th
year it was close to 2, but thereafter continued to decline, and no
statistically significant mortality difference was detected versus
the general population controls from the 10th year of follow-up.

Table II Person-years of observation and deaths

IgA (n=2495) Matched controls

(n=24,509)
Observation years
Sum 25,367 257,219
Median 83 8.6
Deaths, n 260 1599
Cancer 70 (27 %) 470 (29 %)
Cardiovascular causes 66 (25 %) 531 (33 %)
Respiratory causes 21 (8 %) 99 (6 %)

Other causes 103 (40 %) 499 (31 %)

Death rate (per 10,000 person-years) 102 62
Death rate difference (95%CI) 40 (28-53)
P-value P<.001

Attributable death fraction (95%CI) 39 % (31-47 %)
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Fig. 2 Kaplan-Meier failure Cumulative
functions and conditional Mortality
mortality hazard ratios by follow- 259 -1
up time. Number at risk and
deaths given for 0-4.9, 5-9.9,
10-14.9, and 15-25 year intervals 20% ]

15%

10%

5%

0 1 - . + T + +
0 5 10 15 20 25

Observation Years

Number at Risk (Deaths)

o lgA Deficiency 2495 (118)
o General Population Controls 24,509 (563)

1861 (73) 989 (30) 427 (28) 197
18,784 (443) 10,214 (220) 4389 (282) 2036

TimePeriod  0-0.9y 1-49y 5-9.9y 10-14.9y 15-25y Overall
Hazard Ratio 3.6 1.9 1.9 1.5 1.1 1.8
95%CI  2.5-53 1524 14-24 1.0-2.2 716 16-21
p-Value <001 <001 <.001 054 66 <.001

Causes of Death

Cancer was the most common cause of death in IgA deficien-
cy patients, closely followed by cardiovascular disease
(Table II). The patient group and the matched controls differed
in cause of death distribution (P=.01; Table II). This differ-
ence was due to lower percentage of cardiovascular deaths
among IgA deficiency patients (P=.01), while overall cancer
mortality was similar in the two cohorts (P=.42). Among IgA
deficiency patients dying from cancer, the most common
causes of death were prostate cancer (14.3 % of cancer deaths
versus 9.4 % in controls); colon cancer (10.0 % versus 5.1 %),
and lung cancer (8.6 % versus 20.3 %).

Subgroup Analyses

Sex Men had higher mortality rate than women in both IgA
deficiency patients and controls (Fig. 3a). Compared to con-
trols, male IgA deficiency patients had higher mortality over
the Ist year of follow-up, 1-4.9 y, and 5-10 y, while no
difference was seen in women between year 5 and 10.

Age As expected, large differences were seen between
the >60, 40-59, and 10-39-year age-groups (Fig. 3b).
The association of IgA deficiency and mortality appeared
to be modified by age in each follow-up period investi-
gated (P for interaction 0-0.9 y<.001; 1-4.9 y<.001; 5-
10 y<.001). Hazard ratios were higher in the younger
age-groups.

@ Springer

Calendar Period of Identification No differences were seen
between patients identified in the period 1980-2004 com-
pared to those identified 2005-2012 (Fig. 3c¢).

Discussion

This population-based cohort study of almost 2,500 individ-
uals with IgA deficiency and matched controls from the
general population found an increased risk of death in IgA
deficiency. This excess mortality was seen in both men and
women and independently of age at diagnosis as well as
period of diagnosis. The absolute mortality excess risk was
40/10,000 person-years. We are not aware of any prior large-
scale study on mortality in IgA deficiency.

We observed a doubled mortality rate in IgAD patients
compared to the general population over the 1-4.9 and 5—
9.9 y follow-up periods, while excess mortality was reduced
to 1.5 and was only borderline significant during the 10—
14.9 y follow-up period. Beyond 15 years of follow-up, no
difference was detected. This may be due to a milder pheno-
type developing with time in the patients as is seen in several
other forms of primary immunodeficiency disorders, but it can
also be due to secondary disorders contributing both to IgA
testing and excess mortality, especially in the early follow-up.

Previous Research

Prior literature suggests that individuals with IgA deficiency
suffer an increased risk of a variety of diseases. Most notably,
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Cumulative

9 Mortality

25%

20%

15% -

10%

5%

0 .

Number at Risk (Deaths)

o Men 1091
e Women 1404

(61)
(67)

General o Men 10,716 (297)
Population o Women 13,793 (266)

IgAD

4 6 8 10
Observation Years

811 (45) 411
1050 (28) 578
8187 (219) 4338
10,597 (224) 5876
5-10y Overall

25 2.0
1.8-3.5 1.6-2.4

<.001 <.001

1.3 1.7
.9-2.0 1.4-2.0

16 <.001

Time Period 0-0.9y 1-4.9y
Hazard Ratio 3.4 2.0
95%CI 2.0-5.7 1.4-2.8
Men  pygwe <001 <001
Hazard Ratio 3.9 1.8
95%CI 2.3-6.9 1.3-2.6
Women  pyae <001 <001

Fig. 3 a Kaplan-Meier failure functions by sex. Overall hazard ratios:
full observation time (not only 0-10 years). Number at risk and deaths
given for 0—4.9 and 5-10 year intervals. [g4D IgA deficiency. b Kaplan-
Meier failure functions by age. Overall hazard ratios: full observation
time (not only 0—10 years). Number at risk and deaths given for 0—4.9 and
5-10 year intervals. [g4D IgA deficiency. ¢ Kaplan-Meier failure func-
tions by period. Number at risk and deaths given for 0—4.9 and 5-10 year
intervals. Ig4D IgA deficiency. Legend Fig. 3c: Of individuals

these patients have been reported to be at increased risk of
autoimmune disease [12] including Grave’s disease, systemic
lupus erythematosus, type 1 diabetes, coeliac disease, myas-
thenia gravis and rheumatoid arthritis. Several of these comor-
bidities [13—15] have been linked to excess mortality, and it is
possible that secondary disorders have contributed to the
increased risk of death that we observed.

However, comorbidity with autoimmune disease may not
be the only explanation for the increased risk of death in
our patient group. Lack of IgA allows bacteria to colonise
the respiratory tracts. Cunningham-Rundles and Bodian [4]
reported that in 248 patients with common variable immu-
nodeficiency 77-78 % had an earlier diagnosis of pneumo-
nia, and up to 98 % a history of recurrent bronchitis,
sinusitis or otitis. Similarly a recent case—control study from
Iceland reported that 25 % of IgA deficiency patients had
experienced a pneumonia versus 1.6 % of controls [2].
Although the term common variable immunodeficiency is
not restricted to IgA (these patients may also have low

diagnosed with IgAD in 2005-2012, 436 entered the follow-up period
“5-10 years” but none of these had 10 years of follow-up. At the same
time 69 % (989 out of 1,425) of IgAD patients diagnosed 1980-2004 who
entered the follow-up period “5-10 years” remained in the study 10 years
after I[gAD diagnosis. This explains why the proportion of deaths during
the observation period was similar in the early (1980-2004) and the late
(2005-2012) cohorts and the Kaplan-Meier curves are similar for the
early and late IgA cohorts

levels of IgM or IgG), the extremely high proportion of
individuals with recurrent respiratory infections suggests
that this trait is also relevant for IgA deficiency patients,
potentially explaining the increased risk of death seen in
our study. Unfortunately limited power did not allow us to
distinguish between infectious and non-infectious causes of
death.

Strengths

The main strengths of our study are the large number of study
participants, and that the diagnosis had been confirmed
through measurement of actual IgA levels. Earlier studies on
complications in IgA deficiency or combined variable immu-
nodeficiency have been based on few patients with only one
study involving more than 300 patients [6]. In contrast, we
identified almost 2,500 individuals, and were able to calculate
age-specific hazard ratios for IgA deficiency, finding a high
relative mortality risk especially in young people. We were
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Fig. 3 (continued)

also able to stratify for sex, showing consistently increased
relative risks over strata, although we noted an interaction
between sex and risk of death with male IgA deficiency
patients being at greater risk of death. We did not observe
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any differences in mortality by the different calendar periods
of identification that we investigated.

All Swedish residents are assigned a unique personal iden-
tity number [7]. Through this number, most residents can be
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followed over long periods of time with virtually no loss to
follow-up (in our case, the IgA deficiency cohort was followed
for approximately 25,000 person-years versus 250,000 person-
years for the reference cohort). We ascertained death through
the nationwide Swedish Causes of Death Register [9, 10]. The
register is regularly audited against the mortality data from the
National Tax Office to ensure a near 100 % coverage of all
deaths in Sweden. Only in some 1.8 % of all deaths in Sweden
in 2011 [16] did the National Board of Health and Welfare not
receive any death certificate and hence there were no data on
the underlying cause of death, only the date of death.

Limitations

We were unable to calculate mortality hazard ratios according
to presence of symptoms, and cannot rule out that our patients
were more symptomatic (and therefore tested) than the average
IgA deficiency patient. Another limitation is the lack of data on
serum IgG, T-cell response to phytohemagglutinin, or the
percentage of peripheral B-cells (all of which have been linked
to higher mortality in common variable immunodeficiency
[4]). We also did not have data on smoking. Although smoking
is an important risk factor for death from cardiovascular and
respiratory disease, it is unlikely to confound the results of this
study since the vast majority of patients with IgA deficiency
lack IgA since birth or early childhood, and we are not aware
of any data showing that smoking would be more common in
IgA deficiency patients than in the general population.

The lack of data on symptoms meant that we were unable
to calculate mortality risks in asymptomatic vs. symptomatic
IgAD patients.

IgA levels are usually measured as part of a clinical inves-
tigation for coeliac disease, or in individuals with signs and
symptoms suggestive of immunodeficiencies. There is there-
fore a risk that some individuals in our cohort had other comor-
bidities that contributed to the excess mortality, which could
explain why we observed the highest hazard ratios during the
first year after diagnosis. It is also possible that a milder phe-
notype develop with time in the IgAD patients as is seen in
several other forms of primary immunodeficiency disorders
since we found no excess mortality after 15 years of follow-up.

However, the mortality hazard ratios remained elevated
beyond the first year after IgA deficiency testing indicating
that this potential detection bias is unlikely to explain our
finding of increased mortality.

Finally we cannot rule out that some controls had
undiagnosed IgA deficiency, since Swedish residents are not
routinely screened for low IgA levels. However, even if up to
1:200 of the general population have an undetected deficiency
(the highest prevalence reported so far, and then mostly in
children [1]), false-negative controls are unlikely to influence
any risk estimate since 99.5 % of the control population would
have normal IgA levels.

Conclusion

In this population-based study, we found an increased risk of
death in individuals with IgA deficiency compared to matched
general population controls. The relative risk of death was
highest the year after detection, but remained increased over
up to 10 years of follow-up.
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Abstract

Selective immunoglobulin A deficiency (SIgAD) is the most common primary antibody
deficiency. Although more patients with SIgAD are asymptomatic, selected patients suffer
from different clinical complications such as pulmonary infections, allergies, autoimmune
diseases, gastrointestinal disorders and malignancy. Pathogenesis of SIQAD is still unknown,
however, a defective terminal differentiation of B-cells and defect in switching to IgA-
producing plasma cells are presumed to be responsible. Furthermore, some cytogenic defects
and monogenic mutations are associated with SIgAD. There is no specific treatment for
patients with symptomatic IgA deficiency; although prophylactic antibiotic therapy along
with circumstantial immunoglobulin replacement with justification and supportive care
(using a product that contains minimal IgA) could be helpful for patients with a severe
phenotype. The epidemiology, pathogenesis, clinical phenotype, diagnosis, prognosis,

management and treatment in patients with SIgAD have been reviewed.

Key words: Selective immunoglobulin A deficiency, pathogenesis, clinical phenotype,
diagnosis, prognosis, management, treatment
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Introduction

Selective immunoglobulin A deficiency (SIgAD) was first described in children with ataxia—
telangiectasia [1], but this deficiency was later identified in other patients with isolated
immunologic manifestations and populations of normal subjects. SIQAD is characterized by
serum IgA level of <7 mg/dl in individuals older than 4 years old in the presence of normal
levels of both immunoglobulin G (IgG) and immunoglobulin M (IgM) and exclusion of other
causes of hypogammaglobulinemia and T-cell defect as well as normal 1gG antibody

response to all vaccinations [2, 3].

IgA deficiency comprises a heterogeneous group of diseases ranging from asymptomatic
patients whom are diagnosed coincidentally in laboratory screening of normal individual [4,
5] to symptomatic patients are presented by different clinical phenotypes including mild
recurrent sinopulmonary infection [6], allergy [7], autoimmunity [8] and associated group
with severe complications [5]. The latest group is prone to progress in common variable
immunodeficiency (CVID) [5, 9, 10]. Although SIgAD is the most common primary
immunodeficiency (PID), due to the rarity of symptomatic SIgAD, very large groups of

patients with SIgAD have not been studied.

Therefore, SIgAD presents a challenge for clinicians and researchers. Based on different
clinical phenotypes and associated varieties in immunological abnormalities of patients with
IgA deficiency, knowing pathogenesis along with appropriate management, treatment and
monitoring should be considered for these patients.

Epidemiology

The prevalence of SIgAD varies in different ethnicities across the world (Figl). Based on the
Jeffrey Modell Centers network (4), a global distribution of 8437 diagnosed SIgAD patients,
prevalence of SIgAD in the European, North American, Latin American, Asian, and African
countries has been reported to be 5492, 1704, 1050, 115 and 76 patients, respectively [11].
Indeed, the worldwide incidence of SIGAD varies, depending on ethnic background; 1:651 in
Iran [12], 1:143 in the Arabian peninsula [13], 1:163 in Spain [14], 1:252 in Nigeria [15],
1:875 in England [16], and 1:965 in Brazil [17]. These reports could be higher because more
individuals with SIgAD are asymptomatic, and there is no established routine screening
program for IgA deficiency. In countries with high rates of consanguineous marriage, the rate

of multiple cases in a family is more than the other countries [18, 19]. Factors associated with
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the prevalence of IgAD include a family history of SIgAD and the country of origin. Family
studies using SIgAD blood donors as probands indicate that first-degree relatives have a 7.5%
prevalence rate of SIgAD, which is 38-fold higher than that of unrelated donors [20]. Based
on our recent study on first-degree relatives of symptomatic SIQAD patients with
consanguineous marriage 10.8 % had one type of primary antibody deficiency specially

SIgAD or subclass deficiency [21].

Pathogenesis of IgA deficiency

Although several investigations have performed to determine the etiology of SIgAD, the
exact pathogenesis of SIgAD is unknown yet. Since SIgAD has a heterogeneous nature,
suggesting that different etiologies might be involved in cause the disease. SIGAD has been
associated with an intrinsic B-cell lymphocyte defect, T-cell abnormalities and most recently

in impairment in cytokine networks [22, 23].

It has been found that patients with SIgAD have a defect in immunoglobulin class switching,
terminal differentiation of IgA* plasmablasts into secretory cells, or the long-term survival of
the IgA-secreting plasma cells [24-27]. It seems that main defect in patients with SIgAD is
changing IgA-bearing B lymphocytes into IgA-secreting plasma cells [2, 28]. Furthermore,
there are reduced (but not absent) counts of IgA-bearing B-cells in the peripheral circulation
in these patients [28], that bear an immature phenotype; that is, IgA-bearing B-cells that also
are positive for IgM and IgD [29]. It seems to be a defect in stem cells, as IgA deficiency can
be transferred by bone marrow engraftment [30]. Furthermore, a defect in the internal B-cell
signaling pathways downstream of different cytokines in the secondary lymphoid organs’
germinal centers, selected co-stimulatory molecules in double-strand breakage DNA repair
have been also suggested that involve in the pathogenesis of SIgAD [31-33]. Moreover,
increased apoptosis during an immune response could be involved in the reduction of
survival, growth and differentiation of B-cells and also their inability in produce normal
levels of IgA immunoglobulin [34]. Genetically, impaired rearrangement of the switch (S) p
to Sa in peripheral B-cells has been described in SIGAD. The low expression of both secreted
and membrane forms of complete mRNA in IgA-switched B- cells and defective IgA
switching in SIgAD have been also identified [35]. In addition, isotype switching and
terminal differentiation of stimulated B lymphocyte with antigen under the influence of TGF-
b into IgA-secreting plasma cells indicates a key role of cytokine in this process.

Furthermore, a defect in several cytokines including IL-4, IL-6, IL-7, IL-10 and most newly
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IL-21 have been found in SIgAD [31, 36-38]. On the other hand, defective antibody
production may be due to a decreased or impaired helper T-cell activity in some SIgAD
patients [39, 40].

Cytogenic defects and monogenic mutations associated with SIgAD

The heterogeneous nature of SIQAD recommends that different etiologies and/or modifier
genes may cause the disease [36].

Chromosomal abnormalities and cytogenetic defects have been frequently reported in patients
with IgAD including 4p monosomy, trisomy 8, trisomy 10p, translocation of 10q to 4p,
17p11.2 deletions, 18qg-syndrome, trisomy 21, monosomy 22, and 22g11.2 deletion syndrome
[41-45].

Recently, we have reviewed monogenic mutations that are associated with selective IgA
deficiency [46]. Mutations in genes affecting cellular and humoral immunity (e.g. JAKS,
RAG1, DCLRELC, CD27 and LRBA), in genes of combined immunodeficiencies with
syndromic features (e.g. ATM, NBS1, RAD50, MLH1, DNMT3B, ZBTB24, MECP2, PMS2,
RNF168, CHD7, RMRP, DKC1, TINF2, PNP, TTC7 and WAS), in genes predominantly
associated with antibody deficiencies (e.g. BTK, TACI, TWEAK, MSH6, MSH2, PIK3R1 and
CARD11), in genes associated with phagocytotic defects (e.g. RAC2, CYBB, NCF1 and
SBDS), in genes associated with immune dysregulation (e.g. IFIH1 and XIAP), in genes
associated with defects in intrinsic and innate immunity (e.g. CXCR4, STAT1 and IL12RB1)
and in gene associated with complement deficiencies (e.g. C3) could manifest as
immunological problem with low IgA [46]. It is anticipated that by identification of the
underlying genetic defect(s) in IgAD patients, the precise pathophysiology will be
discovered, and subsequently, treatment strategies, especially in patients with severe clinical

complications, will be adjusted based on the findings of molecular studies.

Clinical manifestations in patients with SIgAD

Although most of the individuals with SIQAD are asymptomatic, some patients develop
various clinical manifestations such as pulmonary infections, allergies, autoimmune diseases,

gastrointestinal disorders and malignancy.
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Pulmonary diseases

Recurrent pulmonary infections are the most common diseases associated with SIgAD.
Previous studies demonstrated that about 40-90% of the first presentation of symptomatic
IgA-deficient patients included infectious manifestations as the only or the dominant
manifestation at the time of diagnosis [47]. Most infections are caused by extracellular
encapsulated bacteria (e.g., Haemophilus influenzae, Streptococcus pneumoniae) [2].
Sinopulmonary infections are more likely to present in individuals with SIgAD who have IgG
subclass deficiency especially 19G2, and 1gG3 [48-50]. In this sense, in one study, we have
shown a correlation between IgG3 and serum IgA concentrations in IgA deficient individuals
[4], indicating the varied clinical manifestations related to antibody deficiency. Patients with
SIgAD have a compensatory increase in IgM-bearing B-cells due to the absence of IgA [51],
however, secretory IgM does not completely replace IgA functionally, particularly not in the
upper respiratory tract [52]. Recurrent sinopulmonary infections might be presented only in
the form of upper respiratory tract infection, or of more severe forms that end up with sequels
such as bronchiectasis or obliterative bronchiolitis [53]. It has been demonstrated that even
IgA deficiencies could be associated with bronchiectasis that indicating the importance of
follow-up of individuals with selective IgA deficiency [54]. Since the defect in IgA
antibodies is associated with the pulmonary damages, determination of IgA antibody levels
and evaluation for pulmonary alterations is essential in SIQAD patients with recurrent

sinopulmonary infections.

Allergic diseases

Several studies have demonstrated IgA deficiency and allergy are associated, as allergic
diseases may be the first and/or only clinical manifestation in some patients with SIgAD.
There is a high prevalence of allergic diseases in SIgAD patients [5, 55], as it has been
estimated that 25-50% of SIgAD patients are recognized by evaluation of allergic diseases
that may increase during the disease course [36]. It has been indicated that allergy is more
common in SIgAD comparing with subjects with normal concentrations of IgA [5, 56],
however, the findings are not conclusive, as some studies demonstrate no increased frequency
of allergies in patients with SIGAD [57-59]. The allergic diseases most commonly associated
with IgAD are allergic conjunctivitis, rhinitis, urticaria, eczema, food allergy and asthma [6,
36, 60]. IgE concentrations are often increased in selective IgA deficiency, which may be due

to a compensatory mechanism for low secretory IgA level and lack of IgM compensation,
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especially in atopic children [61]. Indeed, the secretory IgA helps to prevent the absorption of
allergens into the bloodstream, thus, IgA in mucosal barriers plays a significant role in the
prevention of allergy. Since severe anaphylactoid transfusion reactions are seen (of course
rare) in patients with SIgAD, these individuals are considered to be at increased risk of
anaphylaxis when they receive blood products that contain some IgA. This is thought to be
due to 1gG (or possibly IgE) anti-IgA antibodies, which may be found in some IgA-deficient
individuals [62-64].

Autoimmunity

It has been demonstrated that a number of autoimmune diseases are associated with selective
IgA deficiency, as the prevalence of this disorders in SIGAD patients varies from 5 to 30%,
based on studied populations [25, 47, 55, 65]. This difference might be due to the age-related
autoimmune presentation, as patients with a history of autoimmunity were older than others,
particularly in their second decade of life [47]. Some autoimmune diseases including
idiopathic thrombocytopenic purpura, Graves’ disease, autoimmune hemolytic anemia, type 1
diabetes mellitus, rheumatoid arthritis, thyroiditis, systemic lupus erythematosus and celiac
disease are more common in SIgAD patients [8]. Several immunological mechanisms have
been suggested in the development of autoimmunity in SIGAD patients. Secretory IgA has an
important role in the protection of mucosal surfaces, as environmental antigens can easily
penetrate the mucosa in the absence IgA. Molecular mimicry and cross-reaction with self-
antigens might cause the formation of auto-reactive antibodies [36, 66], as an increase in
autoantibody levels has been shown in patients with SIQAD [36, 65]. The association
between SIgAD and abnormal T-cell regulation, especially in CD4*CD25Foxp3" regulatory
T-cells (Treg) could also explain the association between SIgAD and autoimmunity due to
the breakdown of immune tolerance [39, 67]. Researchers suggest that there is a complex
association between genetic susceptibility and development of IgAD autoimmune diseases, as
it has been reported an association between certain human leukocyte antigen (HLA)
haplotypes especially HLA-A1, -B8, -DR3 and DQ2 and manifestation of SIgAD [8].
Furthermore, it has been shown that the sera of patients with SIgAD often contain
autoantibodies, even in the absence of clinical autoimmune manifestations. Antibodies
against thyroglobulin, red blood cells, thyroid microsomal antigens, basement membrane,
smooth muscle cells, pancreatic cells, nuclear proteins, cardiolipin, human collagen, and
adrenal cells have been recognized. Although the detection and level of specific

autoantibodies in these patients do not predict the development of autoimmune disorders, it
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can be suggestive of future diseases [41]. Furthermore, a significant part of individuals with
SIgAD have serum anti-IgA antibodies that may cause infusion reactions if traces of IgA are

given parenterally [68, 69].

Gastrointestinal Disorders

Although secretory IgA is considered as a major antibody in the intestinal mucosa, the rate of
gastrointestinal disorders in SIgAD patients is not high. It seems that IgM antibody could
compensate the absence of IgA in the intestine by its transportation from the mucosa into the
intestinal lumen. However, an association between SigAD and several gastrointestinal
disorders such as celiac disease, giardiasis, nodular lymphoid hyperplasia (NLH), ulcerative
colitis, Crohn's disease, pernicious anemia, and gastric and colonic adenocarcinoma has been
reported [70].

Among gastrointestinal disorders, celiac disease is more common and it has been found that
the incidence of IgA deficiency in patients with celiac disease is somewhere between 2 and
3%, indicating an increase 10 to 15 times over the normal IgA level subjects [71]. Secretory
IgA can bind to some proteins (e.g., transglutaminase, gliadin, and prolamin) in the
gastrointestinal tract, and the lack of IgA may result in abnormal processing of these antigens.
Furthermore, the association between celiac disease and SIgAD may have a genetic basis like
shared some HLA haplotypes such as HLA-Al, Cw7, B8, DR3, and DQ2 [72-75]. The
histopathology of celiac disease such as elevated counts of intraepithelial lymphocytes,
villous shortening or flattening, crypt hyperplasia, and infiltration of the lamina propria with
lymphoid cells are similar in patients with or without SIgAD, however a distinguishing
feature is the lack of IgA-secreting plasma cells in intestinal biopsy specimens in patients
with SIgAD [76-78]. Since celiac disease is most commonly identified by the presence of
IgA antibodies against above-mentioned proteins (e.g., transglutaminase, gliadin, prolamin),
and defect of IgA antibody in SIgAD patients, identification of 1gG against deamidated
gliadin peptides is suggested for screening test because has a high specificity to reliably
diagnose celiac disease in patients with SIgAD [79, 80]. Thus, results of tests based on IgA in
celiac disease may be falsely negative and the results of tests based on IgG should be
considered as valuable and clinically significant.

Giardia lamblia as gastrointestinal disorders has been also reported in patient with SIgAD
[81]. Giardia lamblia cysts produce trophozoites that colonize the small intestine and leads to

bloating, cramping, excessive flatus, and watery diarrhea. Diagnosis is based on examining
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the stool for cysts or trophozoites of Giardia lamblia, or by examination of duodenal
aspirates that can yield more determinate results. The parasitic load can be unremitting in
patients with SIgAD, despite treatment with metronidazole. Since the protective barrier of the
gastrointestinal system is defective in SIgAD, protozoa such as Giardia lamblia can attach to
the epithelium, proliferate, and cause infection; however, mouse models have suggested that
clearance is T-cell mediated [82]. As mentioned above, other gastrointestinal disorders
reported in SIgAD patients include pernicious anemia [83, 84], Crohn's disease, and
ulcerative colitis [85-88].

Malignancy

The association of SIgAD and malignancies have been identified in sporadic cases such as
carcinoma (particularly adenocarcinoma of the stomach) and lymphoma (usually of B-cell
origin) [89, 90], particularly at older ages. Moreover, other cancers found in SIgAD patients
are carcinoma of the colon, ovarian cancer, lymphosarcoma, melanoma and thymoma [91]. A
recent report described 63 Israeli children with SIgAD followed for 10 years, with
malignancies diagnosed in 3 children (4.8%) [55]. It seems that some gastrointestinal
disorders could involve in increased incidence of cancer, as the absence of secretory IgA has
been hypothesized to compromise the defense against infection with Helicobacter pylori,
which is thought to be a cause of stomach cancer [92], although the role of secretory IgA in
this defense has been questioned. However, the prevalence of malighancy is not high in
patients with SIgAD.

Diagnosis

In general, the diagnosis of SIGAD depends on the measurement of IgA concentration in the
serum. Based on new ESID criteria, SIQAD is diagnosed by increased susceptibility to
infection, and/or autoimmune manifestations, and/or affected family member; diagnosis after
4th year of life; undetectable serum IgA (when measured with nephelometry less than 0.07
g/L) but normal serum IgG and IgM (measured at least twice); secondary causes of
hypogammaglobulinaemia have been excluded; normal 1gG antibody response to all
vaccinations and exclusion of T-cell defect. Although in SIQAD patients, secretory IgA level
iS not determined, it is possible that the individuals diagnosed with SIGAD may still have
some IgA in the mucosal systems enough to provide some protective functions. Thus, despite

this critical role of secretory IgA, some individuals with SIgAD are asymptomatic. According
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to the first report of International Union of Immunological Societies (IUIS) on Primary
Immunodeficiency Diseases in 1999, primary IgA deficiency were categorized as selective
immunoglobulin deficiency among the main form of predominantly antibody deficiencies
[93]. During the updates on the recent finding on the SIgAD patients the 1UIS decides to
separate these patients into two separate subtypes including IgA deficiency associated with
IgG subclass deficiency and selective IgA deficiency and it was constantly reported from
2007 till 2014 [94, 95]. However surprisingly in the recent release of the IUIS classification
in 2015 the IgA deficiency was not included and unfortunately the reason of this exclusion

was not explained in the report [96].

Classification

Classification of SIgAD could be done based on laboratory and clinical data. In general,
limited studies evaluated B-cell subpopulation in SIgAD patients. One study reported that
there is no significant difference in some B-cell subsets such as naive, IgM memory, switched
memory or IgM*CD21" B-cells in SIgAD patients in compression to healthy controls [97].
However, in one study, we demonstrated that SIQAD patients could be classified into two
groups (I and 11) [25]. In this study, the percentage of switched memory B-cells was more
than 0.4% in all healthy controls, but in patients who were classified as group I, the
percentage of switched memory B-cells was less than 0.4% (0.34 + 0.06), while patients in
group Il had not reduction in switched memory B-cells (1.74+0.12%) [25]. Patients in group |
demonstrated a higher rate of pneumonia, autoimmunity, and hepatosplenomegaly as well as
specific antibody and 1gG subclass deficiencies than other SIgAD patients [25]. Later,
Nechvatalova et al. confirmed the reduction in terminally differentiated B-cell subsets in
patients with SIgAD [98].

On the other hand, in a recent review, we proposed a classification for SIgAD patient into
five clusters (asymptomatic, minor infection, allergy, autoimmune and severe phenotype)
based on clinical phenotype [47]. Severe forms and allergy clinical phenotypes tend to
present at childhood, while mild infections and autoimmunity phenotype would be diagnosed
at middle age. It is possible that during the course of the disease, asymptomatic SIgAD might
develop to other symptomatic phenotypes including minor infectious, allergic and
autoimmune. In contrast, symptomatic patients (even with dramatic response to routine

treatments and controlled condition) could not shift back and re-categorize as an
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asymptomatic phenotype. Patients with minor infection phenotype could also progress to
allergy, autoimmunity and severe phenotypes. However, patients with allergy and
autoimmunity cannot be re-classified as minor infectious phenotype even in the absence of

active complications, but they might progress to severe phenotype.

Management of patients with SIgAD

There is no recommended specific treatment for patients with SIgAD and based on
recognized condition, patients should be managed individually. However, some patients
gradually develop normal levels of IgA without treatment. In contrast a few patients with IgA
deficiency can progress to common variable immunodeficiency (CVID) [9], this tended to
occur in adolescence or young adulthood.

Management of patients with SIgAD consists different modalities including education,
periodic monitoring, treatment of associated allergic or autoimmune conditions, prolonged or
even prophylactic antibiotics, administration polyvalent pneumococcal vaccines and

administration of intravenous or subcutaneous immunoglobulin replacement therapy.

1- Education and periodic monitoring

Patient awareness and education are of prime importance, especially to prevent a potential
anaphylactic reaction secondary to transfusion of blood and/or its product. In this regard,
patients with SIgAD should be recommended to wear a medical alert bracelet [2]. It is
recommended that all patients even asymptomatic patients should be monitored periodically
every 4-6 months. In those patients with undetectable serum IgA level and also in patients
with past infusion reactions to plasma-containing blood products, it is recommended to
perform screening test for anti-IgA antibodies to better assess patients' risk for future infusion
reactions to blood products. If these antibodies are identified, various steps can be taken to
prevent recurrent reactions, depending upon the blood product needed. For these patients, the
blood products should be prepared from an IgA-deficient individual, or saline-washed red
blood cells should be the choice. In these patients, all blood products should be given with
caution, and the staff should be prepared to treat a potential anaphylactic reaction. For
patients with SIgAD subcutaneous immunoglobulin, infusion is a safe procedure to prevent
anaphylaxis. Desensitization to blood products is another approach that may be appropriate in
specific circumstances. A case report described desensitization of a patient with SIgAD who
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experienced anaphylaxis to blood products, but subsequently required numerous infusions of
various blood products in the context of a liver transplant. The patient was successfully
desensitized to a gammaglobulin preparation, which was then administered weekly to
maintain the desensitized state [99].

2- Treatment of associated allergic and autoimmune conditions

Patients with chronic and recurrent respiratory infection should be evaluated for other
conditions that predisposing patients to upper and lower respiratory tract infections such as
allergic rhinitis, asthma and chronic rhinosinusitis. If one of these conditions is identified,
appropriate treatment reduces symptoms and prevents recurrent reactions. Management of the
allergies associated with SIgAD is similar to management of allergies in general. The main
issue in the management of autoimmune disorders associated with SIgAD is the early
diagnosis independent from detection of IgA antibody tests however the treatment of these
disorders is similar to the autoimmune in healthy individuals particularly Graves disease,
systemic lupus erythematosus, type 1 diabetes, celiac disease, myasthenia gravis and
rheumatoid arthritis.

3- A trial of prophylactic antibiotics

In patients with recurrent and chronic sinopulmonary infections despite aggressive
management for conditions such as allergic rhinitis/asthma, chronic rhino sinusitis, a trial of
prophylactic antibiotics particularly in winter months should be started. Ideally, antibiotic
therapy should be targeted at the specific organism causing the infection. Unfortunately, it is
not always possible to isolate and identify these microorganisms and their antibiotic
sensitivities precisely, therefore the use of broad-spectrum antibiotics may be necessary.

4-Administration of pneumococcal vaccine

It is suggested that in some patients additional immunization with pneumococcal vaccines
should be used to increase immunity. Patients with a decreased ability to make anti
polysaccharide antibodies should be immunized with polysaccharide-protein conjugate
vaccines, such as Haemophilus influenzae type b (HIB) with diphtheria-tetanus. The
conjugated protein allows anti-HIB antibodies to develop, though 2 or 3 doses are usually

required. In this sense, it has been demonstrated that administration of pneumococcal vaccine
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in patients with associated 1gG2 and IgG3 deficiency led to developed protective antibody
levels to the conjugated pneumococcal vaccine with a subsequently decreased rate of
infections [100, 101].

5-A trial of intravenous or subcutaneous immunoglobulin replacement therapy

In patients who have received pneumococcal vaccine and regular prophylactic antibiotics still
suffer from refractory infection may require intravenous immunoglobulin (IVI1g). First, this
trial could be started in winter months, but if patients continue to experience an infection in
spring and summer, administration of regular monthly immunoglobulin replacement therapy
should be considered. Patients receiving 1gG therapy should have regular monitoring of 1gG
trough levels, blood cell counts, and serum chemistry. The adequacy of 1gG replacement is
detected by the trough (pre-infusion) or steady-state IgG level in association with the clinical
course [102]. In most of the practice guidelines, a starting dosage of 1gG between 400 and
600 mg/kg/monthly is recommended to achieve a serum trough IgG level of 600 to 800
mg/dL. Furthermore, for each 100 mg/kg of 1VIg infused, peak serum IgG levels rise by 250
mg/dL [103, 104] and trough levels increase by approximately 100 mg/dL. Immunoglobulin
replacement therapy can be used in bolus doses by IV route every 21 to 28 days or the same
dose can be divided into daily, weekly, or biweekly doses to administrate by SC route after
using the coefficient factor to correct the dose (some use a 1:1 conversion) [105]. In general,
immunoglobulin replacement should be done cautiously with a product low in IgA (including
lyophilized Gammagard, Gammaplex, Vigam, lveegam, Polygam and Nanogam with IgA
<10 mg/ml) [10]. In this situation, usually, 1VIg therapy can be given safely.

Prognosis

Prognosis of SIgAD is principally dependent on the presence of SIGAD phenotype and
associated immune abnormalities. SIgAD is usually life-long, but not associated with severe
infections or a reduced quality of life. Rare cases of spontaneous recovery have been
recorded, particularly in young patients [106-108]. A rare patient may evolve into CVID [9,
10, 109]. The fact that the disease may progress over a period of time makes the regular
observations a necessity among patients of this group every 4-6 months after accidental

diagnosis.
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Conclusion

The clinical phenotype classification of SIgAD has shown that more patients with SIgAD are
without any clinical complications except selected patients with infections and noninfectious
immunologic manifestations. The presence of clinical manifestations in SIgAD patients
demonstrate which it is essential to understand exact pathogenesis, clinical manifestations
and treatment of patients with SIgQAD. There are many questions about SIgAD diseases and
there is a long way for reach to answers of these questions, thus it is necessary to investigate
more about this disease on SIgAD patients with different genetic backgrounds and number of

patients around the world.
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Figure 1- Frequency of IgA deficiency in normal population across the world. The map has been made based on the data extracted from repots
of following countries: Austria "% ***, USA 24 France ', Spain ¢, China '/, Sweden 8, Japan **°, Canada **°, Nigeria®®, Australia ***, Iran
* Saudi Arabia =, Norway %, Finland *?*, Czech **, Brazil *** %, Iceland **'.
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3A PEOKI BOAECT 1 AEKAPCTBA CIPALLIA

31 aB2ycm — 1 cenmemBpu 2018 2.
IpaHg xomen ,,MAoBguB“
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YBakaemu koaeau u npusameau,

imam ygoBoacmBuemo u yecmma ga Bu nokaHa Ha 9-ma HauuoHnaAnHa
koHdepeHuusa 3a pegku 6oaecmu u AekapcmBa cupauu, koamo wie ce npoBege
Ha 31 aBaycm — 01 cenmemBpu 2018 2. B8 [paHg Xomea [1A0BguB.

OcHoBHa mema Ha cvbumuemo we 6bgam pegkume 6Gorecmu B8
oHkoao2uda u xemamonoaus. Llle 6bgam npegcmaBeHu Had-HoBume nocmu-
»eHua 8 npodurakmukama, guaeHocmukama, Ae4eHUemo, pexadbuAumauuama
U couuanHume 2pwku 3a xopama ¢ pegku OHKOAO2UYHU U XeMamoAO2UYHU
3aboAABaHuA. YmBbpgeHu cneuuaaucmu B obaacmma Ha ovkoaozuama u
Xemamoao2usama we cnogeaam c¢B8oa onum u akmyaAHu HoBocmu.

KoHdepeHuuama ce op2aHusupa u npoBexga cbBmecmHo ¢ bbazapckama Acouuauua no MeguuuHcka
Onkonozua (BAMO) u boazapckomo mMeguuuHcko cgpykeHue no XeMamoAozUA.

HagaBam ce Ha Bawama nogkpena u yyacmue 8 9-ma HauuoHaaHa koHdepeHuua 3a pegku 6oaecmu u
AekapcmBa cupauu.

lpo@. Pymen CmeparoB, gm
Om umemo Ha OpaaHu3ayuoHHUA komumem



AEBETA HALIMOHAAHA KOHQEPEHLIMA 3A PEOKW BOAECTW 11 AEKAPCTBA CPALI
31 ABIYCT-1 CEMTEMBPI 2018 — NMAOBAIB

PESHOMETA HA NAEHAPHIN JOKAALN

YCTOMYBOCT 11 EQEKTUBHOCT HA MOANTNKATA 3A PELKI BOAECTI B BbATAPUA 11 EC

CmegaHoB P

Kamegpa no CouuanHa mMeguuuHa u obwecmBeHo 3gpaBe, MeguuuHcku yHuBepcumem — MaoBguB
iHcmumym no pegku 6oaecmu, MaoBguB

Mpe3 nocaegHume gecemuAaemusn 3gpaBHume cucmemu B uAa ¢BAm ca NOgAOXKEHU HA peguua usnumaxus B pesyamam Ha Ha-
pacmBawume pa3xogu 3a MeguuuHcku ycayau. [JbazocpoyHama yecmodyuBocm u edpekmuBHocm Ha mo3su cekmop ca nog Bbnpoc
BcaegemBue Ha 3acmapABaHemo Ha HaceAeHuemo U HaBAu3aHemo Ha HOBu ckonocmpyBawu 3gpaBHuU mexHoAo2UU. Te3u npobAemMu
ca 0cobeHo akmyaaHu B8 obracmma Ha pegkume boaecmu, kbgemo ca 8 cuaa Hakou cneuuduyHu ocobeHocmu.

3gpaBHonoAumuyeckume peweHus N0 OMHoOWeHUe Ha pegkume 3aboAABaHus ca uskalouumeaHo geaukamuu npegBug koHpaukma
MeXkgy npuHuunume Ha 6Aa2ogeaHue (ga ce noMozHe Ha Bceku omgeaeH uHguBug) u cnpaBegauBocm (Bceku omgeAeH uHguBug ga
noAyyu paBHa no kauecmBo nomouw). MpegBug dakma, ye Hukoa cmpaHa uAu cucmema He e B cbcmoAHUe ga ce cnpaBu cama
pegkume 6oaecmu, moBa meguko-couuaaHo u 3gpaBHonoaumuyecko npegu3BukameacmBo usuckBa 2aobaneH nogxog, 0CHOBaH Ha
koaabopauus u koHceHcyc.

B Hauanomo Ha 2017 2. cmaHaxme cBugemeau Ha cmapmupaHemo Ha 24 EBponeticku pedepeHmuu mpexu (EPM). MoBeye om
15 2. MuHaxa om 3apagaHemo Ha masu koHuenuus, HO gHec EPM ca ¢akm u ca Bogew, npuopumem B eBponetickama noAumuka
8 obracmma Ha pegkume borecmu. Om ce2a e AcHo, ye EPM we u2paam ocHoBa poaa 3a pa3Bumuemo Ha masu npobaemamuka.
YemodyuBocmma Ha meguko-couuaaHama pamka Ha pegkume 6oaecmu gHeC go 20AAma cmeneH 3aBucu om moBa gaau camume EPM
we coymeam ga ce npeBobpHam B ycmold4uBu u epekmuBHu cmpykmypu. MomeHuuasbm Ha me3u UuHGpacmpykmypu e 3Ha4UMeAeH,
HO U npegu3BukameAacmBama He ca Hukak manko.

NHOBALLMNTE B OHKOXEMATOAOTATA — TPYAHOCTI 1 HAOQEXAN

IpygeBa-llonoBa X

Kamegpa no KauHuuHa Onkonozua, Meguuuncku yHuBepcumem — MaoBguB
YHuBepcumemcka boaHuua ,C8. Teopau®, MaoBguB

TeHgeHuuume npu 0gobpeHue Ha HOBU AekapcmBa u GuoAoz2uYHU a2eHmu ca kamezopuyHu - 30 % om me3u npogykmu 3a nepuoga
2010-2013 ca B8 obracmma Ha oHkoxemamonoausa (OX) u onkonozus kamo pbembm e 8 2eomempuyHa npozpecus! 3a 10-20guwleH nepuog
(2010-2020 2.) ce ouakBa ueHama Ha AeueHuemo 8 mesu cdepu ga ce ygBou B cBemoBeH mawab. OX uma npumepu 3a 3agoBoAeHU Megu-
uuHcku Hykgu ¢ nocmuzgHam BnevamaaBaw, mepaneBmuyen edekm (xpoHuyHama MueaougHa AeBkemus, XMA). ToBa e pesyamam Ha npe-
Uu3Ha guazHocmuka, paHeH gocmon go CbBpeMeHHa mepanus U aHzakumeHm Ha gbpkaBama. MpuAaza ce u koHuenuuama 3a cnupaxe
Ha mepanuama npu XMA caeg cna3BaHe Ha cmpoau kpumepuu. OX pasnoaaza 8 gokasameacmBa 3a 3HaYUMEAHO NOgobpeHa nemaogulHa
obwa npexkuBaemocm npu 6oaecm Ha XogkkuH, HeXogkkuHoBu AuMdomu, MHOXKEeCMBEH MUeAOM, XPOHUYHA AuMdouumHa AeBkemus, oc-
meomuerodubpo3a. 3a cokareHue uma HezagoBoaeHU MeguuuHcku Hykgu npu BaXkHu HO30A02UU kamo ocmpama MueAaougHa AeBkemus,
peuuguBupauwiy/ pedpakmepHu Aumdomu u gp. MogepHama moaekyAapHa 6uoro2us ugeHmuuuUpPa MHO20 HOBU NOMEHUUAAHU mapz2emu
32 MaAugHeHU 3aboaaBaHuA. /\ekapcmBeHume B3aumogetcmBusa ¢ me3u mapzemu e Bv3MokHa kamo KAUHUYHUME NOA3U 3aBucAm om
3Ha4UMOCMMa Ha mapaema u eBeHmyaAHama HeobxogMocm Om UHXUBUPaHe Ha Hakoako mapzema. HanpaBeHume cepuosHu mepaneB-
MUYHU NpobuBu B mapzemHama, UMyHHa U 2eHHa mepanusa gaBam ocHoBaHue 3a peaaeH onmumu3bm u 8 OX.
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OLLEHKA HA CTOMHOCTTA HA NHOBATWUBHWTE TEPAMNW B OHKOAOTMATA 1 XEMATOAOrMATA
— MNAOTHI PE3YATATI

YonakoBa X', AkumoB N, UckpoB %4, CmegpaHoB P?*

"MeguuuHcku yHuBepcumem — MroBguB
2Kamegpa no CouuaaHa MeguuuHa u obuwiecmBeHo 3gpaBe, MeguuuHcku yHuBepcumem — MaoBguB
 iHcmumym no pegku Goaecmu

BuvBegeHue. OugHkama Ha uHoBamuBHU mepanuu B oHkoAO2UAMA U XeMamoAo2uAma U B3eMaHemo Ha pelgHue 3a MAXHOMO 3anAa-
waxe e komnaekceH npouec, kodmo 3aBucu om MHokecmBo Gakmopu u 3aceeHamu cmpadu. Peguua npoyyBaHus nokasBam, ye mesu
mepanuu ca no-8epoAmHo ga 6bgam peumbypcupaHu om 3gpaBHu mexHoro2uu B8 gpyau kauHuuHu 0baacmu npegBug Bucokus obwecm-
BeH UHMEPEC U COUUAAHA 3HAYUMOCM Ha OHKOXeMamoAO2UYHUME 3a00AABaHUA.

LLea. Hacmoswemo npoyyBaHe uma 3a UeA ga OueHU cmolHocmma Ha uHoBamuBHUme mepanuu B8 oHkoAO2UAMA U XeMamoAo2UAmMa.

Mamepuan u memogu. NpoBegeHo e aHkemHo npoy4BaHe cpeg 230 Aekapu CbC cheyuarHocm B8 o6Aacmma Ha oHkoAO2UAMA U Xe-
mamonaozuama. 13caegBaHemo e npoBegeHo oHAalH B8 nepuoga mai-toau 2018 2. YuacmHuuume mpsaocBa ga oueHam gBa npakmuyecku
kasyca, cBbp3aHu ¢ MUHUMaAHO ygbAkaBaHe Ha npexkuBaemocmma u MakcumaaHO 3anAawlaHe npu nogobpeHo kayecmBo Ha xkuBom.

Pesynmamu. OmHocumeAHuAM gAa Ha yyacmBaaume e 34,8%. Mpu oueHka Ha uHoBamuBHUME mepanuu B obAacmma Ha OH-
koaozuama u xemamoao2us Aekapume gaBam npegumcmBo Ha ygbakaBaHemo Ha npekuBaemocmma cnpamo noBuwaBaHemo Ha
kauecmBomo Ha >kuBom. ViHkpemMeHmMaAHOMO CbOMHOWeEHUEe Ha pasxogume 3a eguHuua QALY e cbomBemHo 96 186 u 93 500 eBpo
8 me3u gBa cAyyad. MHo3uHcmBomo om aHkemupaHume He ca CKAOHHU ga omyumam cneuuduyHu coobpakeHua npu oueHkama Ha
me3u mepanuu, kamo uHgukauua 3a neguampuyHa nonyaauusa uAu pegku boaecmu.

06cvkgaHe. MpoBegeHomo npoyyBaHe & NUAOMHO 3a boAzapuA. 1138egeHume uHkpemMeHMaAHU CbOMHOWEHUA ca CPaBHUMEAHO
Bucoku, Ho cbnocmaBumu CbeC CX0gHU Npoy4BaHua om gpyau eBponedcku cmpaHu. MHeHUemO u HazAacume Ha MeguuuHckume cne-
uuaaucmu ca BaxkHu u cAegBa ga 6bgam B3emaHu nog BHUMaHUe npu ougHkama Ha uHoBamuBHU mepanuu.

KnloyoBu gymu: ouerka Ha 3gpaBHu mexHoao2uu, pasxogHa epekmuBHocm, kayuecmBo Ha »kuBom, 20moBHOCM 3a 3anAawaxe.

TPONHO HETATNBEH KAPLLWIHOM HA I'bPOATA NP MAALA XEHA — QUATHOCTYHNA 1N
TEPAMEBTUYHIA NMPOBAEMN

IMops308a E ', CmpamueBa M, MonoB E 2, AnocmonoBa T*

"Kamegpa no 06wa u kauHuuHa namoaoaus, MeguuuHcku yHuBepcumem — MaoBguB
2YMBAA , Moameg* — MaoBguB, OmgeaeHue no Xupypaus
SYMBAA ,Moamveg” — MroBguB, OmgeaeHue no Onkoao2ust

BuvBegeHue. TpodHo-HezamuBHUAM kapuuHOM Ha 2bpgama e yacm om 2pynama nogmunoBe Ha paka Ha 2bpgama, xapakmepu-
3UpalL ce € Aunca uAu ockogHo koauuecmBo ecmpozeHoBu, npozecmepoHoBu u HER2 peuenmopu, koemo 20 npaBu pesucmeHmeH
koM xopmoHaaHa mepanus. CocmaBaaBa okoao 20% om cayuaume Ha pak Ha 2bpgama u 06ukHOBeHO 3acA2a NpeMeHoNay3aAHU XeHu.
YemaHoBeHa e u 2eHemuyHa npegucnosuuua 8 yacm om caydaume. CbBpemeHHUMeE u3cAegBaHuA UeAAm ga udyyam no-nOgpoBHO
MpOodHOo-He2amuBHUAM kapuuHoMm Ha 2bpgama U ga 20 pasgeAadm Ha omgeAHu nogmunoBe.

lpegcmaBame cayyal Ha XeHa Ha 38 20guHu, guagHocmuuyupaHa ¢ mpotiHo-HezamuBeH kapuuHom Ha 2bpgama.

3BopweHa e onepamuBHa uHmMepBeHUUA ¢ ekcuusus Ha mymopa, buonCuYHO, UMYHOXUCMOXUMUYHO U 26HEMUYHO U3CAEgBaHe.

Pesynmamu. Kacae ce 3a »keHa Ha 38 20guHu, nocmbnuAa B XupypaudHo omgeAeHue no noBog Ha debpurumem, 6oaku, nogyBaHe
u 3a4epBaBaHe B obracmma Ha AdBa 2vpga. Mpu u3BopwieHume npouegypu u uscaegBaHus ce ycmaHoBABa mpolHO-He2amuBeH UH-
BasuBeH gykmaneH kapuuxom, Ki-67 noaoxkumeneH, ¢ norokumeada BRCA1 mymauus.

Juckycus. TpoliHo-HezamuBHUAM KapuuHOM Ha 2bpgama e 3ab0AABaHe, koemo mMoxke ga 6bge pa3geAeHo Ha nogmunoBe ¢ pasauy-
Ha NP02HO3a. XUCMOAORUYHO Hall-uecmo e ba3aAH0-n0gobeH, no-pAgko Moxke ga e cekpemopeH, ageHo-kucmuueH, ageHo-ckBamoseH,
koumo ca ¢ no-gobpa npo2Ho3a. myHoxucmoxumuyHomo u3caegBaHe noka3Ba aunca uAu ockogeH 6pod ecmpo2eHoBu, npozecme-
poHoBu u HER2 peuenmopu.

[eHemuyYHUAM aHaAu3 coyu, Ye yacm om nauueHmkume ca noaokumeaHu 3a BRCA1 mymauus. CvBpemeHHUme u3caegBaHus
ueAdm no-nogpobHo npoyyBaHe Ha MoBa 3ab0AABaHe U pa3geAsHemo My Ha nogmunoBe ¢ UeA onmuMu3upaHe Ha npoBexkgaHama
mepanus.
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EPAS1 PM535T MYTALLA NP BbATAPCKA QAMINANA C KOHTEHUTAAHA EPUTPOLINTO3A

LLluBapoB B "2, AnauikoB L{ ' MBaHoBa M*®

"OmgeneHue no KauHuuHa xemamonaoaus, YMBAA ,Codusmeg”
2 \abopamopus no KauHuuHa umyHoaozus, YMBAA ,Coduameg”
® N\abopamopus no KauHuuHa umyHoao2us, YMBAA ,AnekcaHgpoBcka”, MeguuuHcku yHuBepcumem — Cogus

LLeau. lpe3 nocaegHomo gecemuaemue omkpuBaHemo Ha BpogeHu Mymauuu Ha Hakoako 2eHa kamo EPOR, VHL, EGLN1 u EPAS1
goBege go geuHupaHemo Ha HAKOAKO pasauyHu nogmuna GpamuAHa (KOH2eHUmaAaHa) epumpouumosa. Kamo pegku 3a6oAaBaHusa me
yecmo ocmaBam Hepa3no3Hamu UAU NO2PELHO guagHoCmuuupaHu, koemo Hanaza cbobuwaBaHemo Ha HoBoomkpumume CAyvau.

Memogu. MpuaoXkuxme 2eHemuyeH nogxog, BkalouBaw, noAHO ek3oMHO cekBeHupaHe u cekBeHupaHe no Sanger 3a ugeHmuduuu-
paHe Ha kay3anHama BpogeHa Mymauua npu egHa 6ba2apcgka GamuAuA ¢ KOH2EHUMaAHa epumpouumo3a.

Pesynmamu. Omkpuxme EPAS1 (HIF2A) p. M535T xemepo3u2omHa Mymauus npu Yemupuma YAeHoBe Ha GamuAuama om mpu
nokoneHusa. Tyk npegcmaBame cblio maka 06wupHO onucaHue Ha kauHuvHume xapakmepucmuku Ha 3acezHamume YAeHoBe Ha da-
MUAUAMA.

06cvkgane. EPAS1 p.M535T mymauuama ce omkpuBa npu pasauyHu nonyAauuu kamo kaysaneH Bapuemem npu GpaMuAHa epum-
pouumo3sa mun 4. Hawume pesyamamu nogkpenam ugeama, Ye 3ace2HaHume nauueHmu ce npegemagam ¢ pasHoobpasHu KAuHUYHU
xapakmepucmuku u xog Ha 3aboaaBaHemo. OcBeH moBa cmpukmHomo npocaegaBaHe ¢ u3BbpwBaHe Ha GpaebomomuU nNpu HyXkga u
pegoBeH npueM Ha Hucku go3u aHmukoazyraHmu/aHmuazpezaimu npeBeHmupa pa3Bumuemo Ha Cepuo3HU YCAOXKHEHUA kamo mpom-
©EMBOAUYHU CbOUMUA U NYAMOHAAHA XUNEPMOHUA.

3aknloueHue. ToBa e nbpBomo onucaHue Ha uara damuaus ¢ EPAST p. M535T mymauus, koemo paswupABa no3HaHuAma omHoc-
HOMO KAUHUYHUME xapakmepucmuku Ha 3a60AABaHemo.

EQEKT HA MOAUUMOPQU3MA C677T B MTHFR MEHA OT MbIA HA METOTPEKCAT BbPXY
TOKCWYHOCTTA 1 CEPYMHWTE MY HINBA NP Bb3PACTHIN CbC OHKOXEMATOAOTNYHIA
3ABOAABAHINA NPEABAPUTEAHIN PE3YATATI

MBaHoB X2, AuHeB A ™2, XensskoB U1?, beaeBa E " [pygeBa-MonoBa X" ° CmosHoBa B "2

"Kamegpa no Meguampus u MeguuuHcka 2eHemuka, Meguuutcku yHuBepcumem — MAoBguB
20mgeneHue no mMeguuuHcka 2eHemuka, YMBAA ,CB8. leopau” MAoBguB
®Kamegpa no KauHuHa oHkoao2us, MeguuuHcku yHUBepcumem — MaoBguB

(DapmakozeHemukama Ha memompekcam (MTX) gonpuHacs 3a MeXgyuHguBugyaaHume pasauku 8 mokcuyHocmma u CepymMHUME
My HuBa. Lleama Hu e ga oueHum Bb3geticmBuemo Ha C677T noaumopduama 8 MTHFR 2eHa Bopxy MTX-uHgyuupaHama mokcu4yHocm
U cepymHume HuBa Ha MTX no Bpeme Ha AeveHuemo npu 6bA2apcku Bo3pacmHu ¢ nauueHmu ¢ OHKOXeMamoAO2UYHU 3a00AABaHUA.
J1o mo3u MOMEHM Wecm nauueHma ca 2eHomunu3supadu 3a C677T noaumopdu3ma B8 MTHFR 2eHa npegu Hayaaomo Ha mepa-
nua ¢ Bucoku go3u MTX. Mem om max ca xemepo uAu xomo3uzomu no C677T noaumopdu3ama. CpegHomo nAasmeHo HUBO npu
max Ha 24 vac caeg uHdysuama e 4.34 pmol/l gokamo npu nauueHma c HopmareH 2eHomun e 0.16 pmol/l. MpuroXkeHuemo
Ha kaauueB doauHam He npeogoadBa edekma Ha noaumop@uama Bbpxy CmeneHma Ha MemaboAu3upaHe Ha Memompekcam.
EgHo om oz2paHuyeHuAma Ha uscaegBaHemo e Maakuam 6pod npobu. 3caegBaHemo Ha no-20AAM BPOT NauueHmU, We gonpuHece go
no-HageXgHu pesyamamu. VigeHmuduuupasemo Ha noaumopguama C677T 8 MTHFR 2eHa om nbms Ha Memompekcama e nogxogaw
U NOAE3eH Memog 3a nogobpsaBaHe Ha mepaneBmuyHumMe cmpameauu npu Bv3pacmHu CbC OHKOXEMAmOAO2UYHU 3a00AABaHUA.
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(DAPMAKOFEHETIIYHIN BAPNHATI NP HAKBK 11 ONTK

Xamyge 3', HukonoBa 17, banabaHcku A% AsmoroBa O, CmareBa P, BaxkapoBa P?°, Weidner S*, MaauHo8 M?,
XagxkugekoBa C', TorueBa [ "2

"Kamegpa no MeguuuHcka 2eHemuka, Meguuutcku YHuBepcumem — Codus

2 A1 Bumpo KauHuka MaauHoB

* Meguuutcku (akyamem, Coduticku YHuBepcumem ,CB8. KaumeHm Oxpugcku®
*Department of Nuclear Medicine Inselspital, Berne University Hospital

(DapmakozeHemukama e Hayka, kosmo u3yyaBa poaama Ha pegku 2eHemuyHu gepekmu 3a npoMeHeHUss 0maoBop Ha nauueHma
kom gedcmBuemo Ha AekapcmBama. Kamo cmaHgapmHO AeYeHUe 32 NauueHmu ¢ HegpebHokaemoyeH beaogpobeH kapuutom (HA-
KBK) u nanuaapeH mupougeH kapuuxom (MTK) ce usnoa3Ba naamuHa 6asupana xumuomepanus. OnpegeaaHemo Ha HoBU dapmakoze-
HemuyHu Bapuasmu npu HAOKBK u MTK, e uskalouumeaHo BaxkHo 3a onpegeAdHa Ha no goopu omaoB8op KoM AeyeHUEmMO.

Mamepuaau u memogu. /13caegBatu ca 18 mymopHu npobu om HIOKBK u 12 kpwBHu npobu om MTK. M3oaupaHemo Ha [1HK om
HOKBK 6ewe npoBegeHo ¢ kum QlAamp DNA FFPE Tissue Kit, a om kpoBHume npobu ¢ QlAamp DNA Blood Mini Kit. Mpo6ume 6sxa
cekBuHupaHu ¢ NGS mexHoAo2usma Ha uHcmpymeHdm lllumina-MiSeq, usnoasBatku TruSight Cancer Sequencing Panel 3a 94 2eHu u
284 SNPs Bapuasma. Pesyamamume ca aHaausupam cnopeg 6asa gaHHu pharmgkb (https://www.pharmgkb.org/) 3a SNP BapuaHmu,
cBop3anu ¢ yyBcmBumeaHocmma kbM onpegeaeHu AekapcmBa.

Pesyamamu. Omkpumu ca 7 papmakozeHemuyHu Bapuaimu, om koumo 4 ce omkpuBam npu gBama muna kapuuxomu - rs1042522
B TP53, rs2228001 B XPC, rs2227983 8 EGFR u rs1318 8 ERCC2. Omkpu ce Bapuanm rs1799793 8 ERCC2 2exa npu HOKBK. Omkpuxa
ce gBa BapuaHma - rs1799939 8 RET 2eHa u rs17655 ERCC5 2eHa npu MTK. (MapmakozeHemuuxume Bapuaimu rs13181, rs1042522
u rs2228001 ca yyBcmBumeAHu koM uucnaamuHa. Bapuanmoum rs227983 8 EGFR ce acouuupa ¢ yyBcmBumeAHu KoM mupo3suH-
KUHa3HU uHXubumopu.

3aknlouenue. CekBeHupanemo Ha [AHK-u om mymopHu npobu u kpuBHu npobu ¢ TruSight Cancer Sequence naHea moxe ga on-
pegeAu COMamuyHU U 2epMuHamuBHU GapmakozeHemuyHu BapuaHmu, cBop3aHu ¢ HeedekmuBHa naamuHa basupaHa Xxumuomepanus
UAU onpegeAAawu mokcuyHo gedcmBue npu xumuomepanus.

MOAEKYAHA QATHOCTKA HA OHKOAOTMYHIA 3ABOAABAHNA C PASAAYEH TEHETIIYEH
TAPTET

KaBpvkoBa A, TogopoB T2, KupoB AZ, Kaguucka T2, TogopoBa E ', TogopoBa A "2
"TenemuuHa Meguko-fuazHocmuyHa Aabopamopus ,leHuka“, Codus
2[eHomeH LieHmop Boazapus, Codust

BvBegenue. MaauzHeHume 3aboAABaHuA npegcmaBaaBam 2aobaneH Meguko-couuaneH npobaem B8 CBema. ObukHoBeHO umam
noAuz2eHeH xapakmep u BkalouBam mHokecmBo 2eHemuyHU pakmopu ¢ N0-CAAB0 UAU CUAHO u3paseHa GeHomunHa u3fABa, kakmo u ¢
agumuBeH edekm B8 kombuHauua ¢ dakmopume Ha cpegama U HavuHa Ha kuBom.

MonekyaHama um guazHocmuka e HacoveHa koM: goka3BaHe Ha HacaegcmBeHa npegucno3uuus, onpegeasHe pucka om pasBumue
8 6bgewu nokoaeHuA, paHHa guagHocmuka u MoAekyAHO NpoduUAUPaHe OMHOCHO KAUHUYHO noBegeHue U omaoBop koM mepanus.

Ype3 MoaekyAeH aHaAu3 Ha BapuabuAHu 2eHemuyHu gedekmu: moukoBu Mymauuu, Mukpo/Makpogeaeuuu, 2eHHa aMnAudukauus,
mpaHcAokauuu, npomsaHa 8 2eHHama ekcnpecus, enuzeHemuyHu paykmyauuu gokasBame u npoduaupame MHOXKecmBo OHK03ab0AA-
BaHus: pak Ha 2bpgama, MHOXkecmBeHa eHgokpuHHa Heonaasua mun 1/ 2, HeBpodubpomamosa mun 1/ 2, cugpom Ha Hippel-Lindau,
komnagkc my6eposHa ckaepo3a mun 1/ 2, cuHgpoM Ha AuHy, damMuAHa ageHoMamo3Ha NoAuno3a, GamuaHa loBeHuAHa noAunosa,
HeBpobAacmom, npocmameH kapuuHoM u gp.

leHHUme gedekmu npeumyuwiecmBeHo 3acaeam 2eHu, kogupawiu BakHu pe2yaamopHu gakmopu, cBbp3aHu CbC cugHaaHume kac-
kagu 3a: anonmo3sa, kaemoyHa npoAudepauus, gudepeHuuauua u gp. BeaegecmBue Ha pasAuYHU MymMaUUOHHU Cobumus, koHmpoaa
Bopxy me3u npouecu ce 2ybu u HacmvbnBa mymopozeHesa, nocaegBawia uHBasus, npozpecud. Bce no-uecmo, kamo buouHgukamopu
ce u3noA3Bam Hekogupawu PHKU uau mymauuu 8 Hekogupawu 2eHHU nocaegoBamearocmu. MomBopXkgaBa ce xunomesama, Ye npu
HAKOU HeonAa3mu, Npu4yuHama e no-ckopo B HapyweHama GuHHa peayAauus Ha 2eHUme, a He B kogupawama um dyHkuua.

3a MoAekyAHO npoduAupaHe Ha OHkozeHemuyHUME 3a60AABaHUA ce 6opaBu CbC CoBpeMeHHU Memogu: u3oAupaHe Ha [HK/PHK,
RT-PCR, Real-time PCR, MLPA, gupekmHo cekBeHupane. MauueHmume ¢ usbpoeHume oHko3aboaaBaHuA 8 Bbazapusa umam Bo3moX-
HOCM 3a paHHa guazHocmuka, npeBenuus, mepaneBmuyeH ckpuHuHz no cBemoBHuUmMe cmaxngapmu 3a Bucoko ekcnepmHo HUBo Ha
MonekyAHama guazHocmuka u uHmepnpemauus Ha pesyamamume.
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FTEHETUYHIA BAPAHTI B APEBHU AHK MPOBIA, ACOLNPAHI C MPEAPA3MOAOXEHOCT
KbM 3ABOAABAHNA

HeweBa, [l, KapauaHak-AHkoBa, C, ToHueBa, L.
Kamegpa no MeguuuHcka eenemuka, Meguuutcku (akyamem, Meguuutcku YHuBepcumem — Codus

Mpabbacapume u Tpakume umam ocHOBHa poAA 33 NPOU3X0ga Ha CbBpeMeHHUME BbA2apu. TexHUAM 2eHOM NOBAUABA 2eHeEMUYHUA
cnekmuop Ha cbBpemeHHUME BbA2apu.

LleaAma Ha uscregBaHemo e ga ce aHaAusupam 2eHemuyHu Bapuaimu 8 MUMOXOHPPUAAHUA 28HOM, U30AUpPaH om mpakudcku
kocmHu ocmatku om 3-mo xuAAagoAemue np.xp. U 0m npabdoa2apcku, gamupadu om 8-10 Bek. AHaAu3a u obpabomkama Ha Mamepu-
aaume e HanpaBeH nocpegcmBom Sanger memoga u NGS — mexHoAoz2uU.

genmuduuuparu ca 21 BapuaHmu, koumo acouuupam cbC 3aboAaBaHuA npu cbBpemeHHU nonyAauuu: noaumop@usom T16189C
(8 gBe om npabwvazapckume npobu) acouuupa ¢ kapguomuonamuu, pak Ha eHgomMempuyma, MemaboAUMEH CUHGPOM U MeAaHoMa; 8
Bapuasmu (8 npabvazapcku u 3 mpakulcku npobu) ca cBop3aHu ¢ noBuweH puck 3a MeaaHoMa; 6 BapuaHma (B 10 npabbazapcku
u 5 mpakutcku npobu) cb3gaBam puck 3a pak Ha npocmama; Bapuanm T310C (8 gBe mpakuiicku npobu) acouuupa ¢ puck 3a Map-
kuncod u (pugpux amakcus; Bapuaim T16519C (8 4 mpakulicku npobu) acouuupa ¢ onmuyHa HeBponamus Ha Aebep, 3a2yba Ha
CAYX, Xunepmpuaauuepuenus, uhdapkm, amakcus Ha Qpugpux, Hakou dpopmu Ha pak, 0CHOBHO Ha AGYHUUUME; Yemupu BapuaHma (4
npabbaapcku npobuu egHa mpakuicka) ca cBbp3aHu ¢ HamaneH puck 3a Ha pak Ha 2bpgama.

MoAyyeHu ca nbpBu pe3yamamu 3a 2eHemuyHu BapuaHmu B8 gpeBHU OHK npobu Ha mpaku u npaboA2apu, koumo onpegeaam
npegpa3noroXkeHocm kbM 3ab0AABaHuA.

[anHume 3a BapuaHmume Ha npabbacapckume u mpakuticku npobu ca npegcmaBeHu 8 cAegHUME cMamuu:

1. Nesheva, D.V,, et al. Human Biology. 2015Vol. 87, 1

2. Alessandra Modi, Desislava Nesheva, et al. Ancient mitochondrial genomes of Thracian samples. (sending for publ.).

EMAAEMIOAOTNA HA CUCTEMHATA MACTOLLTO3A

CmegaHoB P2

Kamegpa no CouuanHa MeguuuHa u obuiecmBeHo 3gpaBe, Pakyamem no 06wecmBeHo 3gpaBe, MeguuuHcku yHUBepcumem
— MnoBguB
2 Ancmumym no pegku 6oaecmu, MaoBguB

Macmouumo3ama npegcmaBadaBa xemepozeHHa 2pyna om 3ab0AABaHuA, Xapakmepusupawu ce ¢ npoAudepauus u HampynBaHe
Ha HeonAaCMuUYHU Macmouumu B eguH uAu noBeye opzaHu UAU cucmemu. AkmyaAaHama kaacudukauus Ha Macmouumosume Ha
CBemoBHama 3gpaBHa opaaHu3sauusa om 2016 2. pa3geaa me3u 3aboadaBaHusA Ha koXkHa Macmouumosa, cucmeMHa Macmouumosa u
AokaAu3upaHu MacmouumHu mymopu. CucmeMHama mMacmouumo3sa om ¢80A cmpaHa ce gudepeHuupa Ha UHgOAEHMHA, MAEEeWa, Cbe
cBobp3aHa XxeMamOoAO2UYHA HeonAasus (C HeMacmouumHa kaembyHa AUHUA), agpecuBHa u MacmokaembyHa AeBkemus.

A3yyaBanemo Ha enugemuoAo2uAMa Ha CuCMemMHama Macmouumo3sa U HedlHume nogBapuaHmu e uskAlouumeAHo mpygHo nopagu
peguua obekmuBHu pakmopu. ToBa ca 2pyna om 3ab0AABaHUA CbC CPaBHUMEAHO Xemepo2eHHa KAuHuYHa kapmuHa. Kaacugukauuama
Ha nogBapuaHmume Ha CUCMEMHa Macmouumosa U CbomBemHUMe guagHOCMUYHU aA20pumMU Mbpnam HenpekbCHamo pasBumue
U gonbABaHe. MocmaBaHemo Ha guazHosa Yecmo usuckBa MyAmugucuunAuHapHo compygHuyecmBo meXgy ekcnepmu ¢ onum B
obaacmma Ha Macmouumo3ume. 3HaYumeAHa Yacm om nauueHmckama nonyAauua npu cucmemHama Macmouumo3sa ca 8v3pacmHu
nauueHmu, npu koumo no npe3ymnuus ce HabalogaBam MHokecmBo komopbugHocmu.
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CYBEMEHAWMHI FTAHTOKAETbYHN ACTPOLLUTOMW NPN TYBEPO3HA CKAEPO3A

KoreBa M, boxkuroBa B "2, AnekcargpoBa 1"?

"KauHuka no HepBHU Boaecmu 3a geua ko MBAAHT ,C8. Haym* — Codus
2MeguuuHcku yHuBepcumem — Codus

TybeposHama ckaeposa (Tuberous Sclerosis Complex, TSC) e pAgko aBmo30MHO-JOMUHaHMHO 3a60AABaHe, xapakmepesupawo
ce MyAmuopeaaHHo 3acAeaHe Ha LIHC, koxka, 6bbpeuu, uepeH gpob u 6aa gpod, copue, uspasaBawo ce ¢ noBuweHa ckaOHHOCM koM
mymopoo6pa3yBaHe. MpuyuHama 3a moBa ca Mymauuu 8 gBama 2eHa — TSC1 u TSC2, umawu ¢yHKuuA Ha mymop-Cynpecopu.
Mpogykm Ha me3u gBa 2eHa e xamapmuH-mybepuHoB 6eambueH komnaeke, Bogew, go nogmuckade Ha mTOR cuHaaHua nom. lpu
Mymauuu 8 eguH uau B gBama 2eHa HacmbnBa gucpeayAauus Ha npouecume Ha nogmuckade Ha mymopHuUA pacmex, nopagu koemo
ce 0bpasyBam mymopu B pa3auyHu opaaHu. Peguua npoyyBaHua goka3Bam 3Ha4yumeAHO no-HebAazonpuamHa KAuHUYHa kapmuHa npu
nauueHmume ¢ mymauus 8 TSC2-2eHa.

CybeneHgmHUmMe 2u2aHmokaembyHu acmpouumomu (SEGA) npegcmaBaaBam gobpokauecmBeHu mymopHu 0bpasyBaHus, koumo
ce acouuuupam Had-yecmo ¢ TSC. Cnopeg pasauyHu npoy4BaHus ce cpewam 8 10-20% om nauueHmume. 06buyalHo ce paspacmBam
0m cmeHama Ha AamepaAaHume BeHmpukyau, 8 6ausocm go dopameH MoHpo. imam 6aBeH pacmeX, ocHoBHO 8 gemcko-loHowecka
Bov3pacm u Hepagko Mo2am ga cbgbpkam kaauueBu omaazaHus, NOGOBHO Ha cybeneHguMHUME HogyAu. Koz2amo ca ¢ MaAku pasmepu
ca npakmuyecku acuMnmomHu, HO Npu HapacmBaxemo UM Mo2am ga NpuYUHAM xugpouedaus ¢ KAUHUYHU u3ABU Ha uHMpakapHuaAHa
XUNEpMeH3uA — CNEWHO CbCMOAHUE, HaAazawo HeBpoxupypauyHa uHmepBeHuus. MpoBexkgaHe Ha koHMpoAHU npocaegaBawu MPT Ha
2AaBeH Mo3bk Moz2am ga nokakam HaAauvue u/uAu guHamukama 8 pasmpume Ha SEGA. Om m.mad 20182 8 boAazapus e peaucmpupaH
megukameHa Bomy6ua /eBepoaumyc, mTOR-kuHa3eH uHxubumop/, paspeweH 3a ynompeba u 8 gemcka Bv3pacm ¢ 02aeg npeBeHuus
HapacmBaHemo Ha Mo3buHUMe SEGA, kakmo u noBausBaHe Ha 6bbpeyHUMeE Ae3UU — aH2UOMUOAUNOMU.

B kauHukama no HepBHU 6oAecmu 3a geua ca peaucmpupaHu 52 nauueHma ¢ kauHuuHa guazvosa TCK, kamo 20 om max umam u
2eHemuyHa Bepudukauua ¢ 02aeg ymouHABaHe Ha 3acezHamus 2eH pecn. oueHka u npogHoCMuUYHa cmodHoCcm 32 meXecmma u xoga
Ha 3a6oaaBaHemo. Mpu 9 om geuama (17%) ce ycmaxoBaABa Haauuue u Ha SEGA. Tpu geua npuemam eBepoAumyc, kamo u npu mpume
ce omyuma pegykuua B8 pasmepume Ha acmpouumoma. EgHO om me3u geua bewe U CbC 3HAYUMEAHO 6bOPEYHO 3acAzaHe — Cblo C
MH020 3Hayuma pegykuus 8 pasmepume Ha 6bOpeyHUMe Ae3uU.

MOHOIEHEH 3AXAPEH OVABET NPW QETE 11 HEFOBATA MAIMKA C YCTAHOBEHA HOBA
MYTALINA B HNF1A TEHA

ApuwiunkoBa M, CaBoBa P, KoHcmarmuHoBa M, MogeBa U

Kamegpa no Meguampus, Meguuurcku yHuBepcumem — Codua
CBAMNID ,, Mpod. BaH MumeB® — Codus, KauHuka no EHgokpuHoAozus, guabem u 2eHemuka

BuBegeHue. Okono 5% om 3axapHus guabem B8 nonyaauusma ce gbaku Ha eguHUYHU 2eHHU gedekmu. MpoBexkgaHemo Ha 2eHe-
MUYEH MECM NpU NauUeHMUmMe ¢ NOgO3UpaH MOHOZEHEH guabem u NOcMaBAHEMO Ha MOYHA guagHo3a € BakHO 3a AgveHUEmo U
npozHo3ama Ha 3aboaaBanemo. MpegcmaBame kauHuueH cAyyal HA 3axaped guabem npu geme u He2oB8ama matika, HOCUMeEAU Ha
Heu3BecmHa goceza Mymauus B8 2eHa 3a MODY -3 (Maturity-onset diabetes of the young type 3).

Memogu u mamepuaau. Momue Ha 14 20guHu ¢ geblom Ha 3axapeH guabem Ha 10 20guwHa Bv3pacm u maika, guagHocmuuupaxa
C HEUHCYAUHO3aBucum 3axapeH guabem Ha 37 20guHu. Mopagu ompuuameaHume mapkepu 3a aBmoumyHeH guabem u damuaHama
obpemeHeHocm ce npoBege 2eHemuyeH aHaau3 ¢ Next —Generation sequencing (NGS) memog Ha naHeA om nem nogo3upaHu 2eHu 3a
MODY Ha maikama, npobaHga u Hezo8ama cecmpa.

Pesynmamu. [lememo u maiikama ca xemepo3uzomu 3a p.G69S (c. 205>A) Ha Mymauus ¢ HeymoyHeHa 3Hayumocm 8 HNF1A
2eHa, komo kogupa mpaHckpunuuoHHUsA xenamouumeH HykaeapeH ¢pakmop 1-aada. HanpaBu ce onum 3a npemuHaBane no npomokoa
0m UHMEeH3UUUUPAHO UHCYAUHOBO AeyeHue npu gememo KoM AeYeHue CoC CcyaGaHuAypeeH npenapam [uanpeA. Ha GoHa Ha nepopan-
HOMO A€YEHUE He Ce NOCMUZ2HA CNUPaHe UAU HamaAABaHe Ha UHCyAUHOBama gosa.

Huckycus. YcmaHoBenama mymauua 8 HNF1A 2eHa npegcmaBaaBa amuHokuceAuHHa 3amsHa 8 nopBu ek30H Ha 2eHa U He € onuc-
BaHa goceaa cpeg nauueHmu CbC 3axapeH guadem. Mopagu cbyemaHuemo Ha KAuHuuHO u3aBeH 3axapeH guabem u Mymauus 8 HNF1A
2eHa npu matikama u cuHa, BepoAmHo ce kacae 3a MOHO2eHeH guabem. [ledpekmume 8 mo3u 2eH ca npuyuHa 3a MODY 3, kodmo
MoXke ga ce u3aBu BB Bcaka Boapacm. MybepmemHama $pasa Ha pa3Bumue ¢ GU3UOAO2UYHO U3ABEHA UHCYAUHOBA pe3ucmeHmHocm
e Bv3moXHa npuyuHa 3a Auncama Ha mepaneBmuyeH oma08op kbM AeYeHUEMO CbC CyAQAHUAYPEEH npenapam.
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NAEKAPCTBO-CBbP3AHI NPOBAEMIA NP MNALMNEHTI C XPOHWYHA MUEAOWMOHA AEBKEMIA

KamyweBa M, CaBoBa A, MemkoBa B
(DapmaueBmuuer pakyamem, Meguuutcku yHuBepcumem — Codust

BvBegeHue. CbBpemMeHHOMO AeYeHue ¢ mMupo3uH-kuHasHu uxxubumopu (TKI) ocueypaBa nogobpeHo kayecmBo Ha »kuBom u
ygbAkeHa npexkuBAemMocm Ha nauueHmMume ¢ XpoHuyHama mMueaougHa AeBkemusa (XIMA).

Liea. Lieama e ga ce npegcmaBam ocHoBHume BugoBe aekapcmBo-cBop3aHu npobaemu (ACHM), koumo Mozam ga 6bgam ugeHmu-
¢uuupaHu u npegomBpameHu om dapmaueBmume 8 xoga Ha omnyckaHemo Ha AekapcmBama u npocAegABaHEMO Ha CbCMOAHUEMO
Ha nauueHmume ¢ XMA.

Mamepuaau u memogu. /13B8bpuwieH e cucmemamuyeH npeaaeg Ha coecmByBawama HayyHa MeguuuHcka Aumepamypa, kacae-
wa AekapcmBeHama mepanus ¢ TKI Ha nauueHmu ¢ XMA.

Pe3yamamu. 1360pbm Ha onmumaAHa mepanus ce 6asupa He camo Ha edukacHocmma, HO U Ha be3onacHocmma Ha AekapcmBeHus
npogykm u cbobpasaBaHe ¢ uHguBugyaaHume xapakmepucmuku kamo Bb3pacm u cbnomemBawu 3a6oaABaHuA. Nilotinib u Dasatinib
ca Bmopa AuHua TKW, npegnucBaHu npu mepaneBmuyeH Heycnex ¢ Imatinib, 3a koumo e Heobxogumo cmpukmHo MOHUMOpUpPaHe
Ha NOMEHUUaAHU Cepuo3Hu HeXenaHu AekapcmBeHu peakuuu kamo pemeHuus Ha ypuHa u naeBpaaHa egysus. besonacHocmma,
eukacHocmma u oONMUMAAHOMO go3upaHe Ha Mepanuama nNpu NAUUEHMU C Xunomupeougusbm BcaegemBue Ha aeueHuemo ¢ TKIA
cAegBa ga bbgam oueHeHu uHguBugyaaHo. MpuaokeHuemo Ha AekapcmBa uHgykmopu uAu uHxubumopu Ha CYP3A4 eHsuma moxe
ga NpuyYuUHU cepuosHu B3aumogedcmBua. EgHOBpeMEHHOMO npuAoXkeHUe Ha uMamuHub u cumBacmamuH Bogu go yBeAuueHue Ha
makcumaaHama naasmMeHa koHugHmpauua Ha cumBacmamuH, koemo ce gbAku Ha uHXubupaHemo Ha eHsum CYP3A4 om umamuHub.
MpoyyBaHus covyam cpaBHUMEAHO Hucku HuBa Ha npugbpXkaHe Kbm mepanuama ¢ umamuHub cpeg nauueHmume ¢ XMA nopagu
nponyckaHe Ha npuema, 2pewka npu npegnucBaHe, npoAaBa Ha cmpaHuyHu edekmu u gp.

3aknloueHue. KomnaekcHama 2puka 3a nauueHmume ¢ XMA, 8 kosamo e BkaloueH u GpapmaueBmubm, ocuzypaBa npocaegaemocm,
koHmpoa u npegomBpamsBaHe Ha npobaemume, cBop3aHu ¢ AekapcmBeHama mepanus.

MPOYYBAHE 3A A0CTbIA HA AEKAPCTBA CUPALIA B BbATAPNA 11 BPEMETO 3A TAXHOTO
BKAHOUBAHE B NAC

bozgaHoBa A, [puzopoB E "2, CanueB I1'

"HauuoHaAeH ueHMbp no obwecmBeHo 3gpaBe u aHaAusu
2 Dakyamem no Qapmauus, MeguuuHcku yHuBepcumem — BapHa

BvBegenue. B EBponeiickomo 3akoHogameacmBo pAgko 3aboaaBaHe ce geduHupa kamo >kuBomosacmpaiwiaBawie UuAu
UHBaguAu3UpPaWO CbCMOAHUE C Yecmoma 5 nauueHma uAu no-maako Ha 10 000 yoBeka. lMopagu Huckama yecmoma Ha mesu
3aboaaBaHusA, pa3pabomBaHemo Ha AeveHUe 06ukHOBeHO He ce cuuma 3a ukoHoMuyvecku UHMEPECHO 3a gageHa komnaHus.

Mamepuaau u memogu. OcHoBHama uen Ha u3caegBaHemo ga 6bge ycmaHoBeHa 6podkama aekapcmBa cupauu, koumo ce
cpewam B8 MAC TpunoxkeHue 1 u MpunokeHue 2), kakmo u 8 peaucmopa Ha lpegeaHume ueHM, nybaukyBaHu Ha oduuuasHama
CmpaHuua Ha HauuoHaAaHus cbBem no UeHU U peumbypcauus. [lonbAHUMEAHA 3agaya Ha u3cAegBaHemo € ga Ce U3YUCA CpegHus
nepuog om Bpeme, HEObXxoguM 3a pe2ucmpupaHemo Ha ugHa Ha AekapcmBea npogykm B8 BoA2apus, caeg noayuaBaHemo Ha pas-
peweHue 3a ynompeba no ueHmpaAusupaHa npouegypa. Bmopuuxaa uea, koamo uscaegoBamenckua ekun cu nocmaBu e ga bbge
npoBepea Ha 6poA kauHUYHU u3nuMBaHuA, peaucmpupaHu B8 6asama gaHHu Ha ClinicalTrials.gov Ha npogykmume, koumo ce cpewam
8 2opecnomMeHamume cnucbuu.

Pesynmamu. Cnopeg oguuuaiHusa cnucvk Ha caima Ha EMA (European Medicine Agency) 119 aekapcmBeHu npogykmu ca
kaHgugamcmBaAu no ueHmpaAusupaHama npouegypa kamo aekapcmBa cupauu, kamo 7 om max ca omxBopaeHu. B Cnucbka ¢
lMpegeAnu ueHu ce cpewam 4.46% om msx, 68 MpuaokeHue 1 ce cpewam 8.93% om max , a 8 MpuaoxkeHue 2 om [TAM ce cpewam
25%. MMpu cpegHo noroBuHama om gocmbnHume B bbazapus AekapcmBa cupauu ca npoBexkgau u kauHuyHU usnumBaHus 68 bbazapus.

JOuckycua. Manvk 6pol AekapcmBa cupauu, npu moBa 3a 3Ha4yumeAeH nepuog om Bpeme, ce noABABAM Ha nasapa 8 bvA2apus,
koemo cv3gaBa bapuepu npu AeueHUEMO Ha pegku 3aboAABaHuA.
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PEXABUIAUTALLNA NMPW OHKOAOTNYHI 3ABOAABAHNA

MunaroBa X', TpoeB T', 3apaaueBa A*?

"BMA, Codus, Kauruka QusukaaHa u pexabuaumauuoHHa MeguuuHa
2YMBAA Llapuua oaHHa — ICYA” — Codusi, KAuHuka no dusukaAHa u pexabuAumauuoHHa MeguuuHa

PexabuaumauuoHHomo noBegeHue npu 0HkoAO2UYHU 3aboaABaHusA uma cBoume cneuuduku.

Cnopeg cvBpemeHHUme cxBawaHusa GusuopexabuaumauuoHHume (8 moBa uucao u kuHesumepaneBmuyHume) cpegcmBa ca Ha-
CoyeHu koM npomouuama Ha 3gpate, npeBeHuua Ha 3ab0AABaHUA U pexabuAumayuA Ha NAUUEHMUME C UeA 0Cu2ypABaHe Ha no-gobpo
kavyecmBo Ha uBom.

Bo3mokHocmume Ha pexabuAumauuoHHama mMeguuuHa Mo2am u mpsAbBa ga 6bgam 060CHOBaHO U NbAHOUEHHO U3NOA3BaHU 3a
Bo3geticmBue Bopxy GyHKUUOHAAHUA geduuum, NCUX0-eMOUUOHAAHUME NPOMEHU, camocmonameAHocmma 6 exXegHeBuemo u kayecm-
Bomo Ha >kuBom Ha nauueHmume ¢ OHkOAO2UYHU 3aboaABaHusA. BakHo e ga ce ombeeXu, Ye pexabuAumauuoHHama mepanus e
(GuHaHCcoB0o u320QgHa, HeuHBa3uBHa U AeCHO NpuAoKUMA.

PexabuAumauuoHHOMO noBegeHue npu me3u nauueHmu e komnaekc om cbBmecmHo npoBexkgaHu MeguuuHcku, couuaaHu, negazo-
2uyecku u npoecuoHaAHU Meponpusmus, koemo e Heobxogumo ycAoBue 3a nocmuzaHe Ha agekBamHa pecouuaau3auua Ha uHguBuga.

Mamepuan u memogu. lpegcmaBame Hakoako konkpemHu pexabuAumauuoHHU npo2pamu npu oHkonauuemu, C UEA ga geMoH-
cmpupame MACMOomo U Bb3M0oXHOCMUME Ha PexabuAUMauUOHHOMO AEYEHUENPU NAUUEHMU CbC OHKOAO2UYHU 3a00AABaHUA.

Peaynmamu. TpaguuuoHHOMO cmaHoBuule, Ye oHkonauueHmume He ca nokasaHu 3a Gu3uopexabuAUMaUUOHHO AeYeHUe, omgaBHa
nogaeXu Ha npeoueHka.

Duckycus. /3zpakgaHemo u npoBekgaHemo Ha egHa UHgUBUQYaAU3upaHa, UEAeCbObpasHa, ONMUMaAHa 3a KAUHUYHUA cmagud,
dopma u npugpykaBawu 3aborsBaHus, MyAmuguCUUNAUHApHa pexabuAumauuoHHa npozpama e Heobxogumo yCAOBUE 32 ONMUMAAEH
pe3yamam 3a kayuecmBomo Ha »uBom Ha nauueHmume ¢ oHko3aboaABaHus.

KnloyoBu gymu. pexabuaumauus, oHkoAO2u4HU 3ab0AABaHusA, kauecmBo Ha XuBom, pexabuAumauuoHeH NOMeHUUaA

1
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PESHOMETA HA NOCTEPIA

MOCTEP 1
PA3X0AN 3A HEQOPMAAHI 11 QOPMAAHI TPIXKIN 3A MALMEHTI C PEAKI BOAECTI -
ATEPATYPEH 0b630P

KamyweBa M, MumkoBa 3, MaHoBa M, lMempoBa I
(DapmaueBmuuer dakyamem, Meguuutcku yHuBepcumem — Codust

BuBegenue. MpegBug uHBaaugusupawua xapakmep Ha noBeyemo pegku 6oaecmu (PB), guagHOCMUUUPAHUME nNauueHmu ce
Hykgasm kakmo om cneuuaausupasu GopmaaHu 2puku, maka u om HepopMaAHU 2puku, OCU2YPEHU OmM YAeH Ha cemetcmBomo.
OnpegeAsHemO Ha UAAOCMHamMa couuaAHa u ukoHomuyecka mexkecm Ha PB e om 3HaueHue 3a ouepmaBaHe Ha bogewiume Hacoku 3a
pa3Bumue B8 o6racmma.

LLea. Lleama Ha npoyyBaHemo e ga ce npegcmaBam u aHaAusupam pasxogume 3a HegopmaAHu U GopMaAHU 2puku 3a nauueHmu
c PB.

Mamepuaau u memogu. /138vpweH e cucmemamuyeH npeaaeg Ha nybaukyBaHu npoyuBaHus 8 PubMed u Scopus no katouoBu
gymu formal care, informal care, rare diseases, costs. Om 25 omkpumu nybaukauuu ca nogépaHu 22, koumo ca cucmemamu3supaHu
no 3a60AABaHuA u gopXkaBu.

Pesyanmamu. LOpez-Bastida et al. aHaausupam couuaaHama, ukoHomuyeckama mexkecm u kayecmBomo Ha »uBom Ha nauueHmu
¢ Pb, kamo 3akalouaBam, ye uHgupekmHume pasxogu, NOPOgeHU Om 3a2yba Ha npou3BogumeAHocm, U pasxogume 3a GopMaAHuUme
U HedopmaaHume 2puku ca MHO20 no-Bucoku om gupekmHume meguuuHcku pasxogu. Angelis et al. usyucaaBam, ye genom Ha
pa3xogume 3a HepopmaaHu 2puku 3a nauueHmume ¢ MykoBucuugosa 8 0beguHeHomo kpaacmBo ca Had-Bucoku — 44.1%. Pasxogume
32 He(opmaAHu 2pwku 3a nauueHmume ¢ MyckyaHa gucmpodua 8 fepmaHus ca 27% om obuiume, a 3a hauueHmu ¢ xeMopuaus 8
Vimaaua — 95% om gupekmuume HemeguuuHcku. 74,8% om Bcuuku pasxogu 3a nauueHmu ¢ OyA03Ha enugepmoAu3a ca gupekmHu
HeMeguuuHcku, om Koumo 3HayumeAeH gaA ca me3u 3a HedopManHu 2puku.

3aknlouenue. MoBeyemo npoyyBanua coyam, 4e He3aBucumo om CblleCmBeHuA gAA Ha pasxogume 3a (GOpMAAHU U Hedhopman-
HU 2puku, nauueHmume ¢ Pb umam Hyxga om 3gpaBHa u couuanHa 2puXa, 8 koamo ga ca BkaloyeHu meguuuHcku cneuuaaucmu,
kBaAuduuupaHu couuaAHu pabomHuuu U 06y4eHU mexHU bAu3sku.

MOCTEP 2
CAYYAIN HA BCR-ABL NO3WUTWBEH NALMEHT C XUNEPQMNAOWMANA (,A CASE OF A BCR-ABL
POSITIVE PATIENT WITH HYPERDIPLOIDY*)

HukonoBa H'" 2, [JamsHoBa B "2, XpucueB B?, MapkoBa M? MumeB A*®, AceHoBa A°®, PaguHoB A?, ToHueBa [’

"Kamegpa no meguuuHcka 2enemuka, MeguuuHcku yHuBepcumem — Codus
2KauHuka no xemamonaoausi, YHuBepcumemcka 6oaHuua “C8.18aH Puacku” Codus
®Kamegpa no KauHuuHa Aa6opamopus u UmyHonozus, BMA, Codus

BvBegeHue. XMA e uyecma 3aokauecmBeHa Xemamoao2uyHa borecm u npegcmaBaaBa 15-20% om caydaume Ha AeBkemus.
Yecmomama Ha XMA e 1.6/100000. LiumozeHemuuHuam mapkep Ha XMA e Haauuuemo Ha QuaageAduiicka xpomo3oma npu noBeue
om 95% om nauueHmume. TA € peuunpoyHa mpaHcaokauua MeXkgy gbAsume pamveHa Ha xpomo3somu 9 u 22. TpaHcaokauuama BkalouBa
2eHa ABL Ha xpomo3oma 9 8 m.Hap. breakpoint cluster region u 2eHa BCR Ha xpomo3oma 22, koemo Bogu go 06pa3yBaHe Ha (y3UoHeH
2eH. Toll kogupa mupo3suH-kuHasa ¢ gepeayrnamopHa akmuBHocm, koamo uzpae BakHa poad B8 pasBumuemo Ha XMA.

Hue nokasBame cayyal Ha 83 2oguwHa >keHa P.M., koAamo e HacoyeHa 3a UUMO2eHeMUYEH U MOAEKYAAPHO-2EHEMUYEH aHaAU3 CbC
cycnekuus 3a Ph(+).

Mamepuaau u memogu. /138opweHo e kapuomunupaHe caeg 24-4acoBa kyamuBauua Ha mamepuaa om kocmeH Mo3ok. MoAyyeHu
ca xpomo3omu, koumo ca ouBemeHu 4pe3 G-mexHuka. OmgeaHo e u3noA3BaHa okono 4 MA BeHo3Ha kpoB 3a koauuecmBeH PCR aHaAu3
C ueAr gemekmupaHe Ha 6pod konua Ha ¢y3uoHHuA 2eH BCR-ABL.

12




AEBETA HALIMOHAAHA KOHQEPEHLIMA 3A PEOKW BOAECTW 11 AEKAPCTBA CPALI
31 ABIYCT-1 CEMTEMBPI 2018 — NMAOBAIB

KoauuecmBeHusam PCR e u3BbpuwieH ¢ usugro aBmomamusupaqa cucmema GeneXpert (Cepheid). AHaaumuyHama yyBecmBumeAHocm
Ha mo3u mecm e 0.01% BCR/ABL:ABL.

Pesynmamu. Pesyamambm om uumoz2eHemuyHus asaau3 nokasBa Haauyue Ha 2naBeH namoao2uueH Ph(+) kaoH, kakmo u
gonbAHUMEAEH xunepgunaougeH Ph(+) kaon: 46,XX,1(9;22)(q34;q11)[3]/46,XX,t(9;22)(q34;q11),+8,+10,+12[9]. KoauuecmBerusm
RT-PCR anaau3 nokasBa Haauyue Ha BCR/ABL mpanckpunm Ha HuBo om 120% IS.

3aknaloueHue. LlumoaeHemuyHume ocobeHocmu uzpaam BakHa poad npu npozHocmuyHama oueHka Ha XMA. OcBet Ph xpomo3oma,
¢ moBa 3aboAAaBaHe ca acouuupaHu pasAuYHU gpyau XpOMO30MHU abepauuu. 5-10% om cAayyaume nokazBam cAoXHU mpaHcAokauuu
C yyacmue Ha gpyau xpomo3omu. iva camvo eguH cayyad 8 aumepamypama, npu kodmo Ph(+) nauueHm nokasBa 51 xpomosomu ¢
mpu3omMua no xpomosomu 6, 10, 13, 19. Hawama nauueHmka e cowio Ph(+) ¢ gonbAHUMEAEH XunepgunaougeH kaoH B kapuomuna
¢ mpusomMus Ha 8, 10 u 12 Xxpomo30MHU. Haauyuemo Ha xunepgunaougeH kapuomun moXe ga 6bge AOW npozHocmuyeH dakmop.
B momeHma nauueHmkama e Ha mepanua ¢ Tasigna (Nilotinib) u we 6vge npocaegeH epekma om mepanuama. Cayyaam nokasBa
3HaUUMOCMMa Ha UUMO2eHeMUYHUME aHoOMaAuu 3a npo2Ho3ama Ha XMA.

MOCTEP 3
MPOrHOCTNYHO 3HAYEHWNE HA KAPNOTWIMHN HAXOOKWN C HAPYLLEHIIA B XPOMO30MA 20
MNP BOAHIN C MNEAOQWCMAACTIIYEH CUHOPOM

PyceBa L|', MumeBa B, LiBemkoBa M', Eppaum M?, QumumpoBa C?, PauyeB P? AHeeroBa A’

' Nabopamopus no mMeguuuHcka 2eHemuka, YMBAA ,CB8. MapuHa“ BapHa
2KauHuka no kauHuuHa xemamoaoausi, YMBAA ,C8.MapuHa“ BapHa

BvBegeHue. MueaogucnAaCmuyHUME CUHGPOMU Ca Xemepoz2eHHa 2pyna 3aboAABaHuA npousxoXkgawlu om XemMonoemuyHume
cmBoaoBu knemku, koumo ce xapakmepusupam ¢ HeedekmuBHa xemonoesa, koCmHo-M0o3b4Ha gucnAasus U nepudepHa uumoneHus ¢
noBuweH puck 3a mpaHcdopmauus 8 ocmpa mMueaougHa AeBkemusa. KapuomunHume npoMeHU 3aegHo ¢ npoueHma baacmu 8 kocmHus
MO3bk U 3acezHamume om uumoneHus kpoBHu pegoBe ca BakHa yacm om npozHocmuyHama ckaaa IPSS (International Prognostic
Score System),umawa 3a uea npegBuxkgaHe Ha eBoalouuama Ha 3aboaaBaHemo u cpegHama npeuBaemocm.

Llea. Llen Ha npoyyBaHemo e cpaBHeHue Ha NPO2HOCMUYHOMO 3HAYeHUe Ha kapuomunHume Haxogku 3a npexkuBsemocmma Ha
DoAHUME.

Mamepuaau u memogu. lpegcmaBame mpu CcAy4aa Ha MHO20kpamHO npoAekaAu nauueHmu ¢ MUEAOgUCNAACMUYEH CUHYPOM
HacoueHu koM aabopamopusama no MeguuuHcka 2eHemuka om kauHuka no KauHuuxa Xemamonozaus koM YMBAA ,C8.MapuHa“ BapHa.
MpoBegeH e uumozeHemuyeH aHaau3 Bbpxy 20 memadasu 3a Bceku nauueHm,koumo ca noAyveHu upe3 kpamkocpouHo kaembyHo
kyamuBupaHe Ha kocmeH Mo3ok u ouBemeHu upe3 GTG beHguHe gudepeHuuaaHo ouBemsaBaHe Ha pe3oalouus 150 - 200 6eHga. Xpo-
MO30MHUME aHOMaAUU Ca onucaHu cbaaacHo International System for Human Cytogenomic Nomenclature (ISCN 2013).

Pesynmamu. AHaausom nokasa HaAauyue Ha cmpykmypHa Xxpomo3omHa abepauus del(20)(q11 g13) u B8 mpume
CAYYad:CamMOCMOAMEAHO CUCMEMHO XPOMO30OMHO HapyweHue,gepuBamHa u3oxpomMo3oma No gbA20mMo pamo Ha 20-ma Xpomo3oma ¢
HaAUYHA UHMepcmMuuuaaHa geaeuus 46,XY,ider(20)(q10)del(20)(q11q13); 8 komnagkceH kapuomun ¢ pasauyHu cmpykmypHu abepauuu
B pasauyHU xpomo3omu, B moBa 4YucA0 U gereuus Ha gbA20mo pamo Ha 20-ma xpomosoma ( 45,XY,del(7)(p12),inv(11)(q21923),-
18,del(20)(q11q13),del (22)(q12) ).

3aknloueHue. MauueHmume ¢ usoaupaHa del(20g)nonagam B kamezopuama 3a gobpa npozHo3a 6asupaHa Ha NPo2HOCMUYHaMa
ckana (IPSS). Haauvuemo Ha ider(20q) u komnaekceH kapuomun e cBop3aHo ¢ no-kpamka npekuBaemocm u caab mepaneBmuyeH
omzaoBop.
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MOCTEP 4
AHAAN3 HA CMOAEAEHA HACAEACTBEHOCT MNP HEBPOAOTWYHI 1 NCUXWYHW BOAECTI

Kapavarak-AnkoBa C, TonyeBa [
Kamegpa no meguuuHcka 2eHemuka, Meguuuncku ¢pakyamem, MeguuuHcku yHuBepcumem — Codus

leHemuyHama npegpa3noAoXkeHocm KoM 3a60AABaHuUA ce onpegeas om gelicmBuemo Ha MHoXKecmBo 2eHemuyHu dakmopu. Yec-
MO pasAUYHU 3260AABaHUA UMAm cnogeAeHa 2eHemuyHa ocHoBa. ToBa ce gbAku Ha yyacmuemo Ha MHOXXecmBOo 2eHU B egHU U Cbllu
MOAEKYAHU NamOo2eHeMUYHU MeXaHu3MuU.

OnpegeadHemo Ha cnogeneHa HacAegcmBeHocm e akmyaneH npobaem, kodmo usuckBa npoBeXkgaHemo Ha MawabHU 2eHOMHU
u3cAegBaHUA U aHaAu3u Ha 20AeMU Ha3u gaHHuU.

AHaAu3upaHu ca gaHHUmMe 3a 25 HeBPOAO2UYHU U NCUXUYHU BOAECMU OM UAAOCMHU 26HOMHU acouuamuBHu npoyyBaHus Ha 265
218 nauueHmu u 784 643 koHmpoAu.

Bucokama cmeneH Ha 2eHemuuHa kopeAauus cpeg ncuxuyHume pa3cmpoicmBa gobaBa gonbAHUMEAHU goka3ameAacmBa, ue
mexHuUme CoBpemeHHU KAUHUYHU deHomunu He ompasaBam omgeAHUME MOAEKYAHU NAMmO2EeHeMUYHU NPOUECU HA 2eHEMUYHO HuBo.
Om gpyea cmpaHa, ca ycmaHoBeHu gokazameacmBa, ye HAMa coluecmBeHo npunokpuBaHe Ha 2eHOMHO HUBO MeXgy HeBpOAO2UYHU
boaecmu, kakmo u MexXkgy HeBpOoAO2UYHU U NCUXUYHU pascmpodcmBa.

B 3akaloueHue, wupoko-mawabHu 2eHOMHU u3cAegBaHus Mo2am ga nogobpsm CobwecmBeHo guazHo3ama U AeY4eHUEemo Ha 3a60-
AdBaHUA ¢ 2eHemMUYHa npegpasnoAokeHocm.

MOCTEP 5
HALIWIOHAAEH PETACTBHP 3A MALMEHTWTE C PEOKWN BOAECTIA — MOA3A 1N
NMPEAN3BNKATEACTBA

[lemkoBa P, CanueB I1, QumumpoB 1
HauuoHaneH UeEHMwvP NO obwecmBeHo 3gpaBe U aHaau3u

HauuoHaaHuAm peaucmbp 3a nauueHmume ¢ pegku 6oaecmu 8 Pbbazapus (HPIPB) e uszpageH 8 pamkume Ha npoekm ,[ogo6pa-
BaHe Ha koHmpoAa u UHhOpPMaUUOHHUME cucmemu 3a npeBeHuus Ha pucka B 3gpaBeona3Banemo® no npozpama BGO7 “VHuuuamuBu
3a 06wecmBeHo 3gpaBe”. Om mai 2017 2. HPMPB pabomu Ha HauuoHaAHo HuBo. Tol e cucmema 3a HabAlogeHue, Yusmo OCHOBHA UeA
€ ga Ce NoAyYam enugeMuoAO2UYHU gaHHU 3a pegkume 3a60AdaBaHuA B cmpaHama u ga ce nogkpenam paspabomBaHemo Ha noAumuku
U NAaHUpaHemo Ha 3gpaBHume ycAyau. B gokaaga ca npegcmaBeHu ocHoBHUMe Bb3amokHocmMu U ¢yHKkuuu Ha peaucmbpa, u3BegeHu
ca Hakou 6a308u cmamucmuyecku cnpaBku Bbpxy BvbBegeHama uHdopMauusa 3a nauueHmume ¢ pegku Goaecmu.

MOCTEP 6
PAIbK CAYYAI HA EKCTPACKEAETEH OCTEOCAPKOM HA BEZPOTO MNP MAAZA XEHA

IopszoBa E', beaeB A? , lepakoBa E °, MapkoB [*

"Kamegpa ,06wa u kauHuyHa namonoaus“, MeguuuHcku yHuBepcumem — MaoBguB
2YMBAA ,MoAmeg” — MroBguB, OmgeaeHue no Opmonegust

SYMBAA ,CBemu leopau” — MAoBguB, OmgeagHue NO KAUHUYHA NamoAo2us
*CmygeHm no meguuuta, MeguuuHcku yHuBepcumem — MaoBguB

EkcmpackeaemHuam ocmeocapkom e uskaloyumeaHo pagobk mymop, npegecmaBaaBaw 4% om Bcuuku ocmeocapkomu u 1-2% om
mekomokanHume capkomu. [1o gHec B Aumepamypama ca onucaHu no-maako om 300 cayyas.

MpegcmaBamve cayyad He ECOC Ha 36 - 2oguwHa »eHa, npuema 8 kaudukama no Opmonegua no noBog 6oaka u nogyBaHe 8 06-
Aacmma Ha AdBa masobegpeHa cmaBa, npugpy)keHo om 3ampygHeHo xogeHe. HanpaBeHume uscaegBaHua nokasBam Haauyuemo Ha
MyMOpHa (popmauua AamepaaHo Ha AAB0 begpo, koAmo e omempareHa onepamuBHo. CAeg XUCMOAO2UYHO U UMYHOXUCMOXUMUYHO U3-
cAegBaHe okoHyameAHama guazHo3a e ekcmpackeaemen ocmeocapkom. 13BbpieHa e uMyHOXUCMOXUMUYHa munu3auus Ha mymopa.

EkcmpackearemHuam ocmeocapkom e mymMop om Me3eHXUMeH npou3sxog, koimo npou3Bexkga ocmeoug u kocm (noHAkoza ce
npugpyaBa u om xpywsn). Pasnonaza ce 8 mekume mbkaHu 6e3 ga uma Bpoaka coc ckeaemrume kocmu. Tesu He208u 0cobeHocmu
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npaBam BakHo pa3zpaHuyaBaHemo My om gpyeu MekombkaHHu mymopu (goopokayecmBeHu uau 3nokayecmBeHu). Mo3HaBaHemo Ha
xapakmepucmukume Ha mymopa npaBam Bv3moXkHo npaBuAHOMO My guagHocmuuyupaxe u nocaegBawo mepaneBmuyHo noBegeHue.

KalouoBu gymu: ekcmpaocaneH ocmeocapkom, guazHo3a, UMyHOXUCMOoXumMus

MOCTEP 7
KAPLINHOCAPKOMI HA MATOYHOTO TAAO — QUATHOCTNYHI 11 MOPQOAOTIYHIA ACMEKTI

CepmeBa ', MopsasoBa E', Mapko8 []? , AmaHacoB N?

' Kamegpa ,06wa u kauHuuHa namoaoaus“, MeguuuHcku yHuBepcumem — MaoBguB
2CmygeHmu no MeguuuHa, MeguuuHcku yHuBepcumem — MaoBguB

CmeceHume ManaugreHu MionepoBu Tymopu (MMMT) ca 2 go 8 % om Bcuuku 3a0kauecmBeHu HOBoobpasdyBaHua Ha Mamkama.
imam azpecuBeH pacmeX u Aowa npoz2Ho3a. Cpewiam ce npeguMHo npu XkeHu B nocmmeHonay3a. OcHOBeH KAUHUYEH cuMnmMOM €
2eHUmaaHomo kopBeHe.

MMMT no xucmonozuyeH cmpoex Mo2am ga 6bgam XOMOAOXKHU U xemepoAoXkHU. Hapuuam ce owe kapuuHocapkomu, 3auiomo ca
cocmaBeHu om enumeAHa u me3ogepmanHa komnoneHma. TaxHama xucmozeHesa 8 aumepamypama ocmaBa HeusfAcHeHa.

Hskou gokasameacmBa npegnonazam, ye CmeceHume MaauzHeHu MioaepoBu Tymopu (MMMT) nokasBam cxogecmBa cuc capko-
mMamougeH kapuuHom — mymop, Bo3HukBaul Ha ekcmpazeHmaaHu mecma, kodmo CbWo UMa CMeCeH XucmoaozuyeH Bug. 3a ga ko-
MeHmupame XUCmo2eHemMUYHUMe MexaHu3Mu Npu me3u mymopu, Hue cme u3caegBaau upes umyHoxucmoxumusa 4 cayyas Ha MMMT
Ha Mamoy4HOMO MAAO.

OcBeH pymuHHO ouBemsABaHe ¢ XeMamOKCUAUH-803UH, XUCMOXUMUYHO U UMYHOXUCMOXUMUYHO ouBemsABaHe cme u3noA3BaHu
3a gokasBaHe Ha guaeHozama. VIMyHOXUCMOXUMUYHOMO U3cAegBaHe e u3BbpweHo ¢ aHmumeAa Ha Qupma DAKO. M3noa3BaH e
cmpenmaBuguH-6uomuH umyHonepokcugaseH memog. MaHeaa om aHmumeaa BkalouBa: Bumenmun, Llumokepamut 7, LiumokepamuH
20, eamun, Thagko myckyaeH akmuH, EnumeaHo membpareH anmuzeH (EMA), p 53 u S-100 npomeuH.

KnloyoBu gymu: kapuuHocapkomu, Mamo4yHo MAAO, gUagHOCMUYHU Memogu

MOCTEP 8
PAQKA NOKAAMBALLNA HA KAALLNONLNPALL ENUTEAIIOM HA MAAEPE HA ICHOTO
KOAAHO

IMopasoBa E', MBaroB A, beaeB A? , [epakoBa E*

"Kamegpa ,06wa u kauHuyHa namonoaus“, MeguuuHcku yHuBepcumem — MaoBguB
2YMBAA , Moameg” — MaoBguB, OmgeaeHue no Opmonegus
SYMBAA ,CBemu leopau” — MAoBguB, OmgeaeHue no KAUHUYHA namoAo2us

Kaauuduuupawuam enumeauom Ha Maaepb, HapuyaH owe NMuaomampukcom, e goopokayecmBeH mymop, npousausall, om kocme-
Hume GoAukyau. 3a npvB nom e onucad om Manepb u LeHanme npe3 1880 2oguHa, koumo my gaBam HaumeHoBaHuemo ,kaauudu-
uupaw, enumeauom®, B3umaiku umemo Ha nopBus om gBamama.

ObuyaliHama AokaAusauus e Ha eaaBama, Bpama u 2opHume kpadHuuu. Mo-pAgko ce cpewa B obaacmma Ha mopca u goAHUMe
kpadHuuu. MpegumHo ce HabalogaBa B mAaaga Bb3pacm, kamo CoomHoweHUemo XeHu:MoXke e okoao 1,5:1. MpegecmaBame cayvail ¢
MbX Ha 63 20guUHU C MyMOPHO 06pa3yBaHue Ha gACHOMO KOAAHO, HeboAe3HEHO, HO 3ampygHABawo kaakaHemo. PenmaeHozpadeku u
onepamuBHo ce ycmaHoBABa mymopHa Gpopmauusa ¢ 20AeMuHa Ha AewHuK, 6ere3HukaBa. Caeg XUCMOAO2UYHO U3cAegBaHe ce guazHo-
cmuuupa kamo kaauuguuupaw, enumeauom Ha Manaepb.

Muaomampukcomom e pAgka Aesud, npousAuzawa om mampukcHume kaemku 8 ocHoBama Ha kocveHume doaukyau. [JokasBa ce
egUHCMBEHO XUCMOAO2UYHO. Tymopbm 06UKHOBEHO € egUHUYEH, NABMEH, C 20AeMUHA OKOAO 2CM.

Yecmomama Ha AokaAusauus no goaHume kpadHuuu Bapupa, HO 8 Aumepamypama e onucaHa okoao 5%.

KalouoBu gymu: nunomampukcom, guazgHosa, pegku Aokaauszauuu

15




AEBETA HALIMOHAAHA KOHQEPEHLIMA 3A PEOKW BOAECTW 11 AEKAPCTBA CPALI
31 ABIYCT-1 CEMTEMBPI 2018 — NMAOBAIB

MOCTEP 9
TPAH3NTOPEH MUEAONPOANMEPATIIBEH CHAPOM NP HOBOPOAEHU CbC CUHAPOM HA
JAVH - NPEACTABAHE HA [1BA CAYYAA

MumeBa B, CmogHoBa M, PyceBa L{ ", L|BemkoBa M, KoHcmarmuHoBa []', XeneBa E?, KpymoBa L% benueBa M?

"Kamegpa no MeguuuHcka 2eHemuka, MeguuuHcku yHuBepcumem — BapHa
2MopBa gemcka kauuka ¢ JJONAHH, YMBAA ,C8. MapuHa“ BapHa
®KauHuka no gemcka kauHuyHa xemamonoaus u oHkoaozus, YMBAA ,CB8. MapuHa“ BapHa

BvBegeHue. TpaH3uMOpHUAM MueAonpoAudepamuBeH CUHGPOM 3acA2a NPeguMHO HOBOPOgeHU geua CbC CUHGPOM Ha [layH u ce
xapakmepusupa ¢ HekoHmpoAupyema npoAudepauus Ha Muerobracmu 8 nepudepHa kpoB u kocmeHn mo3sok. Mexkgy 4% u 10% om
HoBopogeHume ¢ mpusomua 21 pasBuBam mpaH3umopeH MueaonpoAudgepamuBeH cuHgpom, B noBeyemo CAyyau CbC CNOHMAHHA
pezpecus cAeg 3-7 mMeceua, Ho B okoao 20-30% om 3acezHamume e cBbp3aH ¢ pasBumuemo Ha ocmpa MueAougHa AeBkemus.

Mamepuan u memogu. [lpegcmaBame gBa HepogcmBeHU CAyvada Ha Qeua CbC CUHgPOM Ha [ayH U mpaH3umopeH
mueaonpoAudepamuBeH cuxgpom. M.C.1. e HoBopogeHo om BucokopuckoBa, HenpocaegaBaHa 13™ bpemeHHocm, pogeHo 8 mexkka
acoukcus, ¢ mardpopmamuBHU cmu2mu 3a CuHgPOM Ha [layH, ¢ MacuBHa AeBkouumosa, mpombouumoneHus ¢ NPoABEH XeMopaz2uyeH
CUHgPOM U XenamocnAeHoMezaAusA. BnocaegecmBue e ycmaHoBeH Mo3byeH kpbBou3sauB u Bonpeku npoBegeHomo UHMEH3UBHO AeYEHUE,
gememo ek3umupa. b.E.b. e geme Ha egHoMeceyHa Bb3pacm om Bmopa HopMaAHO npomekaa BpemeHHocm, NopBo pakgaHe, ¢
MekoHuaaHo ouBemeHu okoAonAogHU Bogu, C MOPMOAOUYHU cmMu2Mu 3a mpu3omua 21, xunepaeBkouumosa, XenamocnAeHoMe2aua u
mpomMbouumoneHus 6e3 npoABeH xemopazuyeH CuHgpoMm. B pesyamam om npoBegeHama mepanus 06Wwomo CbCMOAHUE Ha gememo
Ce nogobpsABa u ce ombeAasBa pegykuus Ha op2aHoMezaAuama.

Pesynmamu. [poBegeHuam uumo2eHemuyeH aHaAaus Ha kyamuBupanu Aumdouumu om nepudepHa kpbB u kocmeH mo3sbk
paskpuBa cBobogHa mpu3omusa 21 u npu gBama cayyas. Mpu GAoyuUMOoMemMpUYHOMO u3cAegBaHe Ha MamepuaA om nepudepHa kpoB
ce ycmaroBaBa namoAozuyHa MueaougHa npekypcopHa nonyaauus. Mueaozpamama nokasBa xunepnaasus Ha MueAougHama kaembyHa
AUHUA.

3aknloueHue. CoyemaHuemo Ha mpu3omMua 21 u mpaH3umopeH MueAonpoAudepamuBeH CUHgPOM € PAGKO CPewaHo CbCmOoAHUE
8 neguampuynama npakmuka, koemo nocmaBa guazHocmuyHu npegusBukameacmBa, usuckBa gudepeHuupaH nogxog 3a AeyeHue u
uzpae BakHa poad B8 pasBumuemo Ha ocmpa mMueArougHa AeBkemus npu NAUUEHMU CbC CUHGPOM Ha [layH.

MOCTEP 10
KAYECTBO HA XIBOT NPN NALMEHTI C HAPYLLEHINA B KOATYAALLMATA: HAEMO-QOL

MaHgoBa B, [Jakau B

Kamegpa no CouuaAHa meguuuHa u obwecmBeHo 3gpaBe, Pakyamem no ObwecmBeHo 3gpaBe, MeguuuHcku yHuBepcumem —
MAoBguB

BvBegenue. lMpu npoBekgaHemo Ha Hay4yHu npoyyBaHus Bce noBeve HapacmBa Heobxogumocmma ga ce usaegBa cmeneHma
Ha Bvb3npuemaHe Ha 3aboAABaHemo om nauueHma, 3a ga ce oueHu He2o08omo kayecmBo Ha »uBom. Cnopeg geduHuuusma Ha CBe-
moBHama 3gpaBHa op2aHu3auua 3a noHamuemo kayecmBo Ha »uBom, mo BkalouBa AuuHUMeE ueAu u oyakBaHua Ha nauueHma, m.e.
OmHouweHuemo My koM He2080mo CbCMOAHUE U AEYEHUE.

Lea. [1a ce aHaauzupam gaHHume om nybaukauuu, uscaegBawiu npuaokeHuemo Ha Haemo-Qol, kamo uHcmpymeHm 3a oueHka
kauecmBomo Ha »KuBom npu geua ¢ XeMOdUAUA.

Mamepuan u memogu. lpoBegeHo e cucmeMamuyHo MopceHe B 6asume gaHHU ¢ Hay4Ha Aumepamypa Ha Bcuyku HaAuYHU ny6-
Aukauuu go toau 2018 2., koumo onucBam BvnpocHuka Haemo-Qol.

Peaynmamu. BonpocHukom Haemo-Qol ce npunaza 8 17 gopkaBu BaaugusupaH u 8 7 yacmuyHo BaAugusupaH. HayyHume u3-
cAegBaHuA ca npoBegeHu npu geua ¢ XeMOQUAUA U POgUMEAUME UM Ha HAaUUOHAAHO U MeXgyHapogHo HuBo. Mpu geuama, gaHHUme
go momeHma gokasBam noBuwaBaHe Ha kayecmBomo Ha »uBom npu 3acuAeHa npopurakmuka u noguepmaBam poAama Ha cemed-
cmBomo 3a 6Aa20N0AYYUEMO Ha NauueHmume.

Juckycus. N3caegBanuama nomBopkgaBam, ye cbBpeMeHHUME Memogu Ha AeUeHue Ha geua ¢ xemoduaus Bogam go Bucoko
kauecmBo Ha »kuBom, Bonpeku ye uma onuuu 3a ycbBopweHcmBaHe. Hanpegbk mMoxke ga 6bge nocmuzHam upe3 ocuaypABaHe Ha
cpega, B koAmo nauueHmMumMe U pogumeAume ce YyBcmBam pas3bpaHu u gobpe UHGOPMUPAHU U MAXHaMa NCUXOCOUUAAHA aganmauus
kbM CocmoAHUemo ce cyuma 3a Bogewa.
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3aknlouenue. CneuuduyeH BonpocHuk 3a oueHka kauecmBomo Ha XuBom, Haco4YeH egHOBpeMeHHO koM geua u pogumeau, gaBa
Ha cemelicmBama Bo3moXkHocm ga u3pasam Bv32aegume cu 3a xeModuauama u npegcmaBaaBa akmyaneH cnocob 3a AeyeHue Ha
Xemoduausgma.

MOCTEP 11
CbBPEMEHHI METOAN 3A AEMEHNE HA TYMOPU NPU CUHAPOM HA (DOH XWUNEA AMHOAY

AneBa A, MypzoBa A
MeguuuHcku yHuBepcumem — Codus

Cungpombm Ha (DoH XuneAa AuHgay e aBmo3oMHO gOMUHAaHMHO 3aboAsBaHe ¢ yecmoma 1:36 000, xapakmepu3aupawo ce ¢
pacmeX Ha mymopu kamo: xemaxauobaacmoma 8 LIHC, XemaHauobaacmoma Ha pemuxama, (Deoxpomouumoma, Pak Ha Gbbpeuume
ugp.

JuazHosama ce nomBopXkgaBa caeg HeBpoAO2UYEH U 0QMAAMOAORUYEH npez2Aeg, komnlombpHa momozpadusa UAU MazgHUmeH
PE30HAHC Ha MO3bka U 2pbbHa4HUA cMbAd, yampa3Byk uau CT 6bbpeuume, naHkpeaca, HagbbbpeyuHume »Ae3u, 2eHemMuYHa guazHo3a.

/\eyeHue Ype3 XupypauyHu ekcuusua Ha xeMaHauobaacmoma e nokasaHo 8 cayuyaume, kozamo mymopbm e cumnmomamuyeH. Ako
pasmMepbm Ha mymopume € He noBeye om 3 cM, e Bv3moxkHa AbueBa mepanus. Mpu mymop B8 pemuHama ce npenopbyBa cnewHo
AasepHa Gpomokoazyaauus uau kpuomepanus.

MpoyyBam ce peguua ekcnepumeHMaAHU mepanuu, Hanpumep, UHXubumopu Ha BackyaapHua eHgomeaeH pacmedkeH ¢akmop
(aHmu-VEGF). TakoBa aeveHue HamanaBa omoka Ha BbmpeoyHume cmpykmypu, nogobpABaHe Ha 3peHUEMO Ha nNauueHmu, cmpagawu
0m pemuHHama aHauoma.

Mopagu moBa, paHHama guazHocmuka u mepanus Ha MO3U CUHGPOM ca om U3KAIYUMEAHO 3HadveHue 3a npeXkuBaemMocmma
Ha nauueHmume. B MuHanomo ma e buaa go 50 2oguwHa Bo3pacm, HO HOBumMe Memogu 3a guagHocmuka U AeveHue ygbakaBam
3Ha4yumeAHo masu Bb3pacm u ocuzypaBam no-Bucoko kayecmBo Ha XkuBom 3a nauueHmume.

MOCTEP 12
KAMHNYEH CAYYAI CbC CUHAPOMA HA LANGER-GIEDION 11 HACAELCTBEHN
OCTEOXOHAPOMIA

CmaHueBa M, Kpemercku W%, CumeoHoB E*, Wuyts W*

" MeguuuHcku ueHmop ,MeguBa”, Codus

2 HauuoHaaHa 2eHemuyHa Aa6opamopus, CBAAB-EAN ,Maiiuud gom”, Codus
$lemcka kauHuka, MBAA ,AaekcaHgpoBcka”, Codus

*Department of Medical Genetics, University of Antwerp, beazus

Cuxgpombm Ha Langer—Giedion (LGS), OMIM 150 230, e aBmo30MHO gOMUHAHMHO 2EHEMUYHO 3a00AABaHe, gbAXKawo ce Ha
geneuun 8g23.2—q24.1, BkalouBawa TRPS1 u EXT1 2eHa, npu koemo ce ycmaHoBaB8am mpuxo-, puHo-, paraH2eaAHu aHoMaAuu B coue-
maxue ¢ goopokayecmBeHu kocmHu mymopu — ocmeoxoHgpomu./13noA3BaHu ca caegHume 0CHOBHU U Gu3ukaAHu KAUHUYHU Memogu
Ha u3cAegBaHe, paguoAo2uYHU U 2eHemuyHU Memogu. MLPA aHaausom e usBopweH cbe Salsa® MLPA® kit P215. Amnaudukauuama
Ha kogupawume ek3oHu Ha EXT1 (ek3on 1-11) u EXT2 (ek3on 2-14) e usBopweHna no Clines et al. (Genome Res. 7(4):359-67, 1997).
MpoBegeHu ca koHcyamauuu ¢ gemcku HeBpoAoz, 0hmMaAMOA02, YPOAO2, opmoneg, gemcku Xupype, ncuxoaoz u gp.ABmopume npeg-
cmaBam momye Ha Bb3pacm 4 20guHu u 8 meceua, npu koemo ce ycmaHoBaBam uHmeaekmyaneH gepuuum, Auue8 gusmopdusom
(gusnaacmuyHu ywu, ygoakeH cenmyM, gbAb2 Guampym, 2ecmu Bexgu), ckenemHu aHomaAuu (nekmyc ekckaBamyc, bpaxugakmu-
AU, Bucoko Hebue, XunoNAa3uA Ha gecHua paguyc, cmaBHa XxunepeAacmuyHOCM), Xunocnaguec ¢ pucmyaa Heoypempe, ymbuAukanHa
XepHua B cvyemaHue ¢ MHOXecmBeHu ocmeoxoHgpoMu. Pesyamamom om MLPA aHaau3a, nokasBa geaeuus Ha ueaus EXT1 2eH u
nomBobpkgaBa kAuHUYHamMa guazHo3a.

MpegcmaBeHuam pagbk kauHuueH cayyal noka3Ba acouuauusama Ha gobpokayecmBeHu koCmHU mymOopu C 26HEMUYHU aHOMaAUU.
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MOCTEP 13
CAYYAI HA NONOMATYHA APTEPUAAHA KAALMHO3A HA HOBOPOLEHO C AHOMAAIN HA
BLTPELLIHWTE OPTAHIN

CmoumeHoBa I1', bauypcka C?2, Cmauko8 % KpbcmeBa M?®, MemaewkoBa I1°, CaaBoBa C*, CmogHoBa P, QumoB B?,
[eHoBa A*®

' Cmygexm, M®, Meguuutcku yHuBepcumem — MAoBguB

2Kamegpa no obwa u kauHuuHa namoaoaus, MeguuuHcku yHuBepcumem — MaoBguB

® OmgeAeHue no HeoHamoAo2us koM KauHuka no AT, YMBAA ,CBemu leopau®, Kamegpa no akywepcmBo u 2uHekoAoaus,
MeguuuHcku yHuBepcumem — MaoBguB

BuvBegeHue. lguonamuyHama apmepuaAHa kaauuHo3a Ha HoBopogeHomo (VIAKH) e pagko aBmo3oMHO peuecuBHO 3aboaABaHe,
xapakmepu3upawo ce ¢ omaa2aHemo Ha kaauud no BompewHama eAacmuyHa MeMbpaHa Ha apmepuume, npugpykeHo om Gubpoupa-
He Ha uHmumama, koemo npuyuHaBa cmecHABaHe Ha AyMeHa.

Mamepuan u memogu. [TpegcmaBeH e cayyad Ha VIAKH coc situs inversus u cobpgeyHu aHomaauu Ha geme pogeHo B 39 2.c. upes
uesapoBo ceveHue. HoBopogeHomo nocmonBa B8 uHpeH3uBeH cekmop Ha 24 yac caeg pakgaHe ¢ kAuHUKa Ha guxameAHa Hegocma-
mbyHocm. Mpe3 ueAua nepuog Ha xocnumaau3auus e Ha anapamua BeHmuaauus. Bonpeku npoBegerama KITP gememo eksumupa Ha
45-1 geH caeg pakgaHe.

Peaynmamu. Pesyamamume om aymoncus nokasBam BpogeHama aHomaaus Ha BbmpewHume opaaHu: 20AaM MexXgynpegcopgeH
gedekm u usausawu om gAacHama kamepa mpykHyc nyAMOHaAuC u aopma; ampemuyHa AaBa kamepa, kakmo u situs inversus Ha ko-
PeMHUME 0p2aHu: CmoMmax U YepeH gpob pasnoroXkeHu om AAB0 U cAe3ka ¢ geCHOCMPaHHO pasnoAoXkeHue. Ha mo3u GpoH cmeHume Ha
apmepuaAHu cbgoBe Ha Mo3bka, beaume gpoboBe, bvbpeuume, Hagobopeuume ca ¢ Haauyue Ha kaauueBu genosumu.

uckycua. VIAKH mpa6Ba ga ce uma npegBug npu Bcako HOBopogeHo ¢ nepcucmupalwia b6erogpobHa xunepmoHus, mexka cuc-
MeMHa XUNepmOoHUsA U ex02eHHU CbgoBe. Kaauudukauuume Ha 20AeMU U CPegHU apmepuu ca BakHU guagHOCMUYHU Haxogku u mpaA6-
Ba akmuBHo ga ce mbpcam Ha exozpadcko uscaegBaxe.

KaloyoBu gymu: ViguonamuyHama apmepuaaHa kaAuuHo3a Ha HoBOpPOgeHOMO , aHOMaAUU.

MOCTEP 14
KAMHWYEH CAYYAI HA POEMS CUHAPOM NP NALMEHTKA C JAK2 V617F NO3NTNBHA
MWEAONPOANQEPATIBHA HEONAA3IA

LLluBapoB B '#, Anatiko8 L] ', AHeeroBa C°, XpucmoBa X * MBaHoBa M°

' OmgenaeHue no KauHuuHa xemamonoaus, YMBAA ,Codusmeg”,Codus

2 \abopamopus no KauHuuHa umyHoaozus, YMBAA ,Coduameg”, Codust

% CneuuaausupaHa 60AHUUA 32 akmuBHO AeYeHUEe Ha XeMamoAo2UYHU 3aboaaBaHus, Codus

*LlenmpanHa KauHuuHa aabopamopus, YMBAA ,AaekcaHgpoBeka”, MeguuuHcku yHuBepcumem — Codus

5 N\abopamopus no KauHuuHa umyHonozus, YMBAA ,AnekcangpoBeka”, Meguuutcku yHuBepcumem — Codus

POEMS cuHgpombm e goope u3BecmeH, Ho pAgko CpelaH napaHeonAaCmuyeH cuHgpom, cBop3aH ¢ nogaexkawa naasmokaemoyHa
guckpasus. MopBoHayarHo BB meguuuHckama Aumepamypa mod 6ewe onucBaH Ype3 neHmagama: noAuHeBponamus, op2aHoMe2aAus,
egokpuHonamus, MOHOKAOHaAHO NAa3mMokAemobyHa HeonAasus, u koxkHu npomeHu. OcBex moBa mod yecmo e cBbp3aH ¢ epumpouumosa
u mpombouumo3sa. KocmHusa mo3bk npu He20 yecmo noka3Ba uspaseHa Me2akapuouumHa npoAudepauus ¢ GopmupaHe Ha kaocmepu.
He ce omkpuBam obaye npusHauu Ha Guébpo3a u nauueHmume He HocAm JAK2 V617F mymauua. Om gpyea cmpaHa nbpBuyHama
mMuerodudpo3a MoXe ga 6bge cBbp3aHa C HaAuvue Ha MOHOKAOHAAEH UMyH02An06YAUH. Tyk onucBame nauueHmka 8 HanpegHana
Bov3pacm ¢ nocmnoAuuuMeMuYHa Mueroduoposa, npu koamo Gewe gokasaHa IgM kappa napanpomeunemus. 06cmodHama KAuHUYHa
oueHka nokasa, ye nauueHmkama nokpuBa nocaegHume meXgyHapogHo npu3Hamu kpumepuu 3a POEMS cungpom. [lokoakomo
HU e u3BecmHo MoBa e nbpBuAM CbobwWeH cayyal Ha POEMS cuHgpom npu nauueHm ¢ BepuduuupaHa JAK2 V617F nosumuBHa
MueAonpoAudepamuBHa Heonaasua (MIH), nocmaBaw, onpegeAreHu guazHocmuyHu npegu3BukameacmBa B koHmekcma Ha CoBpe-
MEHHUME guagHocmuyHu kpumepuu 3a gBeme 3aboAaBaHuA. Tosu cAydyall nomBopkgaBa, Ye gBeme 3ab60AABaHUA He ca B3auMHO
uskaloBawu ce u onpaBgaBa uscaegBaHemo 3a Mymauuu, cBbp3saHu ¢ MIMH, npu nauuesmu ¢ POEMS cuHgpom, 0cobeHo B cayyaume,
npegcmaBawu ce ¢ epumpouumosa u mpoMbouumo3a.
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MOCTEP 15
MPUIMEPEH AATOPNTDBM 3A TAPTETHA TEPANIA NMPN NALMEHTI C XPOHINYHA MEAONHA
AEBKEMWA, PESNCTEHTHI HA MbPBO MOKOAEHWE TUPO3NH KWHA3HI NHXNBUTOPI

AuneB A2 WBaHoB X', CmosHoBa B "2

"Kamegpa Meguampus u MeguuuHcka 2eHemuka, Meguuutcku yHuBepcumem — MAoBguB
20mgeneHue no MeguuuHcka 2eHemuka, YMBAA ,C8. leopau” MaoBguB

imamunu6 peBoalouuoHusupa Bb3MOXKHOCMUME 32 AeYeHUE Ha XpPOHUYHA MueAougHa AeBkemus (CML). Bonpeku moBa okoao
3-4% om nauueHmume B xpoHuyHa (a3a pa3BuBam pe3ucmeHmMHocm KoM UMamuHUG U HaAuvuemo Ha moukoBu mymauuu 8 BCR-
ABL kuHaseHus gomelH ca egHa om 2AaBHume npuyuHume 3a moBa. lMpurazaHemo Ha Bmopo nokoAeHue MUPO3UH KUHA3HU UHXU-
oumopu (TKI) (gasamuHu6 u HuAOMUHUG) MOXe ga Bbge cbnpoBogeHo Cue ckpuHuHe Ha Mymauuu B8 BCR-ABL kuHasHus gomelH
(ABL-KD). Llenma e cv3gaBaHe Ha arn2opumbM/npomokoA 3a paHHo omkpuBaHe Ha npuAeXawume Mymauuu, 3a ga MoXe ga ce ocu-
2ypu Had-nogxogAawama npuueaHa mepanua. OmkpuBaHemo Ha HaAUYHUME UAU noABABUAU ce B X0ga Ha AeYeHUEMO ONpegeAeHU mo-
ykoBu Mymauuu we gonpuHece 3a npeuusupade Ha mepanuama c onpegeaeH TKI. [lokasaHo e, ye mymauuume V299L, T315A, F317L
/V/1/C Bogam go HamareHa yyBcmBumeAaHocm koM gasamuHub, gokamo E255K / V, Y253H, F359V / C / | 3HauumeAHo HamaasBam
yyBecmBumeaHocmma KoM HuAomuHub. Vigenmuduuupaiemo Ha Mymauua T3151, koAmo e CuAHO pe3ucmeHmHa kKbM umamuHuo,
ga3amuHub U HUAOMUHUG, € noka3aHue 3a 3agbAKUMEAHOMO NpuAazaHe Ha eguHcmBeHua nepopane TKI, kodmo unxubupa T315l
MymaHma - NOHamuHuo.

MpenopbyumeAHo e ugeHmuduuupaHemo Ha npuaeXkawume Mymauuu Npu NAUUEHMU C XPOHUYHA MueAougHa AeBkemus, koumo
nokasBam Aunca uAu cybonmumaneH omzoBop Ha TKI om nbpBo nokoAeHue, 32 ga MoXKe ga UM Ce ocu2ypu Had-nogxogawama map-
2emHa mepanus.

MOCTEP 16
ECTESNOHEBPOBAACTOM C YEPHOPOBHA METACTATIYHA BOAECT

PauyeBa I 2, MonoB B "3, KaruHoB X 2, BvayeBa M 2

"Kamegpa no KauHuyHa OHkonozus, MeguuuHcku yHuBepcumem — MaoBguB
2KauHuka no Meguuutcka oHkoaozus, YMBAA ,C8. Teopau®, MroBguB
®KauHuka no AvueaeueHue, YMBAA ,CB. leopau®, MroBguB

BvBegenue. Ecme3suoHeBpobracmoma uau oadpakmopeH HeBpobaacmom e MHO20 pAgbk 3an0kauecmBeH mymop Ha HeBpoenumena.
Cpewa ce npegumHo BuvB Bwv3pacmma 11-20 2oguHu uAu 51- 60 20guHu, 3acAea no-yecmo Mwke. Xapakmepusupa ce ¢ 6aBeH, HO
UHMeH3uBen pacmex, yecmu peuuguBu, pagko gaBa gareyHu memacmasu. lTopagu papumema Ha namoaoz2uama AuncBa koHceHcyc
32 AeYEHUE U Ce HaAaza UHMePguUCUUNAUHApeH Nogxog.

KauHuueH cayvail. Kacae ce 3a 6ana xeHa Ha 30 2oguHu. Mpe3 2016 20g. no noBog Ha puHopes u 2rnaBoboaue e HanpaBeH AMP
Ha 2AaBeH M03bk — gaHHU 3a mymopHa popmauusa 8 HocHa kyxuHa. Caeg buoncus ce Bepuduuupa XucmoA02U4HO HuckogudepeHuupax
ecmesuoHeBpobracmom. MpoBegeHo onepamuBHo AeveHue (09.162.) ¢ nocregBawlo AbuveAeveHue B obraacmma Ha 3acezHamume
cmpykmypu (HoCHa KyxuHa, AA8 makcuAapeH CuHyc, emmougaAHu kaemku, cheHouganeH cuHyc u dpoHmaneH cuHyc) go 00 60
Ip. Ha nopegeH konmpoaen AMP om 11.172. ce onucBa peuuguBHa Gopmauua B8 obaacmma Ha HOCHama npezpaga gop3aaHo. Caeg
ekcuusus e Haco4eHa 3a AbUeAeyeHUe o MOAePaHC Ha mokaHume. 3a ocmambyHama Gopmauus Ha NbpBuYHUA MyMOp € peaausupaHa
cmepeomakmuyHa pobomu3upaHa paguoxupypeus ¢ KubepHoXk. Ha KT npe3 mad meceu 2018 2. ce gokasBam MHOoecmBeHu
YepHOgPOOHU Memacmasu. M3BvpweHa e TAb u Aeuume ce Bepuduuupam kamo cBbp3aHu ¢ 0CHOBHOMO 3aboAABaHe. MpeueHeHa
om OKOK 3a 3anouyBaHe Ha cucmemHo TXT aeueHue no npomokoa Cisplatin/ Etoposide (4-6 kypca), npegcmoam pecmagupauiu
uscaegBaHus c MMET-KT.

3aknloueHue. An20pumbMbm Ha mepaneBmuyHomo noBegeHue npu ecme3uoHeBpobracmoma ce basupa Ha pempocnekmuBHu
npoyyBaHus kamo AuncBa cvbBpemeHeH mepaneBmuyeH cmaHgapm. G gokasaHa edekmuBHocm ca pagukaaHama onepamuBHa
uHmepBeHuus ¢ nocaegBawa gepuHumuBHa Avdemepanus. CucmemHama xumuomepanus uma poad 8 cayyaume, kozamo mymopom
ce pasnpocmpanaBa usBoH HocHa KyxuHa u gaBa gaaeuHu Memacmasu. lMaamuHa- 6a3upaHume peXxumu ca cpegcmeo Ha u3bop kamo
nbpBa AUHUA Ha AeueHuUe, 0C06eHO npu BucokogudepeHuupaHume mymopu.
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MOCTEP 17
NMPEBEHLIAA HA BTOPO 3AOKAYECTBEHO 3ABOAABAHE

He+oBa N, pygeBa-onoBa X ?

"VHuBepcumemcka boaruua ,C8. leopau”, MaoBguB
2 Kamegpa KauHuuHa Oxkonozus — M@, Meguuurcku yHuBepcumem — MaoBguB

MpeboregyBarume om 0HKOAO2UYHO 3a00AABaHe uMam noBulweH puck 3a Bmopo MaAuzHeHo 3aboaaBane (BM3). To Moxke ga bbge
COAUgEH MYMOP UAU XEMamOoAO2UYHA HEONAa3uA U BuHa2u € pe3yamam Ha He3aBucumo 2eHemMUYHO Cboumue.

Cnopeg npeobaagaBauwiua emuonozuyeH pakmop BM3 mozam ga 6bgam cBop3aHu ¢ npoBegeHa aHMUHeONAaCMuyYHa mepanus, ¢
2BHEMUYHU CUHGPOMU UAU B pe3yamam Ha cAoXHU B3aumogeticmBus Ha MHOXkecmBo ¢akmopu. CBop3aHume ¢ Aovemepanua BM3
ce xapakmepusupam ¢ gbAb2 AAMEHMEH Nepuog U meHgeHuus 3a nosBa B 0bAbyeHama uAU 2paHuyHa 3oHa. MuerougHama AeBkemus
kamo BM3 uma kay3aaHa Bpb3ka ¢ xumuomepanuama u ce noaBaBa caeg kpamwvk AameHmeH nepuog. Mpuema ce, Ye uMa 2eHemuyHa
npegucnosuuus koM yBpexkgaHus, cBbp3aHu ¢ aHmMuUHeonAacmuyHama mepanua; 2epMuHamuBHU mMymauuu B8 2eHu, cBbp3aHu ¢
kaHuepozeHezama ( BRCA1 u BRCA2); eeHu, koHmpoaupawu Bb3cmanoBaBaHe Ha yBpegeHama [JHK monekyaa uau memaboausma
Ha Mmegukamenmu. igeHmucduuupaHu ca 2eHu, om2oBopHu 3a HacAegcmBeHu BapuaHmu Ha MueAougHu HeonAasmu - RUNX1, CEBPA,
GATA2 2eHu. B3aumogeticmBue Ha mokecmBo Gakmopu - 2eHemMUYHU, cneyuGuyHU 3a uHguBuga (Bb3pacm, NOA, XOPMOHAAEH DanaHc,
UMYHHA gucpeayAauus) u pakmopu om okoAHama cpega cb3gaBa puck om BM3.

Mo3HaHuAMa Hu 3a caokHama emuoAozuA Ha BM3 ca ocHoBa 3a npeBeHuus. MpuHuunume Ha nobpBuyHa u BmopuyHa npeBeHuus
B8 oHkoaozuama Baxkam u 3a BM3. B nogobHu cayyau BakHa e poadama Ha 2eHemuyHama kOHCyAmMauusa u 2eHemu4yHo mecmyBaHe,
pesyamamume om koumo Mo2am ga npoMeHAm mepaneBmuyHuA naad. XemonpeBeHuuama BkalouBa guemuyHu npaBura u
NpenopbyYUMeAHU XpaHumeAHu gobaBku. Had-8akHo B8 nbpBuuHama npeBeHuua Ha BM3 ocmaBa npeueHka Ha uHmMeH3uBHocMMa Ha
uumocmamuyHama mepanus, kakmo u u3bAzBaHe Ha Abuemepanuama npu nauueHmu ¢ Hucok puck om peuuguB. PaspabomBam ce u
CneuudUYHU NepCoHaAU3UPaHU NPo2pamu 32 gUCNAHCEPHO HabAlogeHue.

MOCTEP 18
PEMIMBYPCIPAHE HA WHOBATUBHWTE AEKAPCTBEHW NPOAYKTW MPE3 2018

BeruweBa T "2, YepreBa [ %3, boHueBa E %3

'Kamegpa 3gpaBHa noaumuka u meHugkoHm, Pakyamem no obwiecmBeHo 3gpaBe, Meguuutcku yHuBepcumem — Codust
2bbA2apcka acouuauusn 3a AekapcmBeHa uHpopmauus
% NlokmopaHm kom MeguuuHcku yHuBepcumem — Codus

Lleau. Ha 14 gekemBpu 2017 2. 6bacapckuam napaameHm 2aacyBa blogkema Ha HauuoHaaHama 3gpaBHo-ocu2ypumenHa kaca
(H30K) 3a 2018 2oguHa, 8 pamkume Ha kodmo Bvpxy 21 uHoBamuBHuU AekapcmBeHu npogykma Gewe HaroKeH mMopamopuym no
OMHOWeHUE 3anAawiaHemo UM ¢ ny6AudHU cpegcmBa 3a cpok om egHa 2oguHa (3a 2018 2.). Caeg npomuBonocmaBaHe om cmpaxa Ha
obwecmBeHocmma, HenpaBumeacmBeHume op2aHu3auuu U UHgycmpuama, 3abpaHama bewe ommeHeHa B kpaa Ha gekemBpu 2017 a.
B pesyamam Ha moBa omnagHa o02paHuyeHuemo koM 6bazapckume nauueHmu ¢ pegku 3aboaaBaHus, koumo nomeHuuaAHo buxa buau
3acezHamu om mopamopuyma. METOLN

Bb3 ocHoBa Ha nybAukyBaH Ha 01 loHu 2018 2. cnucvk Ha npogykmume, 3anAawadu ¢ nybauyHu cpegecmBa om H30K e HanpaBeH
aHaAu3 Ha peumbypcHua cmamyc Ha Bcuuku 21 aekapcmBeHu npogykma, o6ekm Ha Mopamopuyma om kpaa Ha gekemBpu 2017 2.

OnpegeneHu ca pegkume 3aboAaBaHusa u AekapcmBama cupauu cpeg 3abpaHeHume ¢ ueA onpegeaaHe 6poa Ha pegku 3aboaaBaHus
U mAxHama 3Haqumocm.

Peaynmamu. Bvb3 ocHoBa Ha pesyamamume om nydAukyBaHua Ha 01 loHu 2018 2. cnucbk Ha npogykmume, 3anAauiaHu ¢ NyGAUYHU
cpegemBa om H30K 20 om 21 npogykma (50% npegHasHayeHu 3a ambyaamopHo U 50% npegHasHaveHu 3a 6OAHUYHO AEYEHUE) Ce
peumbypcupam, ¢ uskaloueHue Ha Trametinib, 3a kodmo uma ompuuameAHa oueHka Ha 3gpaBHume mexHoAo2uU, kamo 7 om mesu
npogykmu umam cmamym Ha AekapcmBa cupauu, NpegHasHavyeHu 3a AeueHue Ha pegku 3aboasBaHus.

3Bogu. Bv3 ocHoBa Ha okoHYameAHomMo noaumuyecko peweHue om kpaa Ha gekemBpu 2017 2. nauueHmume ¢ pegku 3a6oAABaHuA
He ca AuweHU om Bv3MoXkHU HOBU AeueHUs u Mo2am ga u3Baekam noa3a om noaumukume Ha peumoeypcauus.
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MOCTEP 19
TEXKA ASATNONPNH-NHAYLWNPAHA MUEAOCYNMPECNA NP NALEHT C OBEHWAEH
NANONATIAYEH APTPIAT N HACAEACTBEHA KCAHTWHYPUA

LLluBapoB B '?, TaHeB [°, MemeBa 12, Fairbanks L *, MarinakiA *, MBaHoBa M° , Aaatiko8 L] '

TOmgeneHue no KauHuuHa xemamoaoaus, YMBAA ,Copuameg”, Codus

2 \abopamopus no KauHuuHa umyHono2us, YMBAA ,Codusameg, Copus”

® OmgeaeHue no peBmamonoaus, YMBAA ,Coduameg”, Codust

*Purine Research Laboratory, Viapath, Guy‘s and St Thomas', NHS Hospitals Foundation Trust, London, United Kingdom
° Nabopamopusa no KauHuuHa umyHoaozus, YMBAA ,ArekcaHgpoBeka”, MeguuuHcku yHuBepcumem — Codus

OnucBame yHukaneH cAyyad Ha acouuauus meXkgy loBeHuneH uguonamuyeH apmpum (HOWA) u HacregcmBena kcaHmuHypus
(HK) mun Il npu 19-zoguweH nauuesm, kodmo pa3Bu mexka mueArocynpecus cAeg AeveHue ¢ asamuonpuH (A3A). MoAHUME
XeMamOAO2UYHU, BUOXUMUYHU, 2EHEMUYHU U UMYHOAO2UYHU u3cAegBaHua nokasaxa ckaoHHocm kbM A3A-uHgyuupaHa mokcuyHocm
nopagu nogaexawama HK mun Il u yacmuyeH IgA geduuum. CnupaHemo Ha AeueHuemo ¢ A3A u noggopXkawomo AeyeHue goBegoxa
g0 NbAHO Bb3cmanoBaBaHe Ha ocmpama kocmHo-M0o3b4Ha HegocmambyHocm. ToBa e nbpBuam om no-maako om 10 cayau Ha HK
mun Il npu nauueHm ¢ FOVA u nopBuam cayyall ¢ gokymenmupaHa A3A-uHguuupaHa mokcuyHocm. Haili-BepoAmHuam mexaHu3bm 3a
mokcuyHocm e BMOpUYHOMO UHXUBUPaHe Ha eH3uMa MuONypuH-S-MemuA mpaHcdepasa nopagu HampynBaHemo Ha MUOKCaHMUH.
Cyumame, ye e npenopbuumeAHo BkalouBanemo Ha HK kamo abcoalomHo npomuBonoka3aHue 8 kpamkama xapakmepucmuka Ha A3A.
13cAegBanemo Ha HUBomo Ha nukoyHama kuceauHa MoXke ga cnomozHe 3a omkpuBaHemo Ha makuBa cayyau u npegomBpamaBasemo
Ha »kuBomosacmpawaBawu HeXeAaHu peakuuu.

MOCTEP 20
MYTALLNI HA KAAPETUKYAH NP BbATAPCKI NALLMEHTI C MUUEAONPOANQEPATIIBHIA
HEONAA3NN

LLluBapoB B "2, MaBroB 1?3, XaghkueB E *, AraukoB L|', CnacoBa C', CmoumeHo8 A°, HaymoBa E ?, MBaHoBa M?

' OmgenaeHue no KauHuuHa xemamonoaus, YMBAA ,Coduameg”, Codus

2 \abopamopus no KauHuuHa umyHoaozus, YMBAA ,Coduameg”, Codus

® \abopamopus no KAuHuuHa umyHoao2us, YMBAA ,AnekcaHgpoBcka”, MeguuuHcku yHuBepcumem — Codus
“KauHuka no KauHuyHa xemamonoaus, YMBAA ,AnekcangpoBcka”, MeguuuHcku yHuBepcumem — Codus

5 N\abopamopus no mpaHcgy3uoHHa xemamonaoaus, YMBAA ,Codusameg”, Codus

ComamuyHume Mymauuu Ha 2eHume JAK2, MPL u CALR ce omkpuBam npu noBeyemo nauueHmu ¢ mueAronpoAudepamuBHu
Heonaasuu (MIH) 6e3 Quaageaduiicka xpomo3oma. B moBa npoyuBaHe NPUAOKUXME YemMUpPU PasAUYHU MOAEKYAAPHO-2EHEMUYHU
mMemoga 3a omkpuBaHe Ha mymauuu B ek3oH 9 Ha CALR 2eHa, BkalouumeaHo BucokopasgeaumeAeH MeAmuHe aHaaus (HRM),
gupekmuo [HK cekBeHupaHe no Sanger, cekBeHupaHe Ha naHeA Om mMapz2emHu 2eHu ¢ NoAynpoBogHukoBa nAaamdopma, U NbAHO
ek3omHo cekBeHupaHe. B npoyyBaHemo 6Axa BkaloueHu 06wo 78 nauueHmu ¢ mMueAougHu Heonaasuu. Omkpuxme 14 nauueHmu ¢
mMymauuu 8 ek3oH 9 Ha CALR. Bcuuku nauueHmu ¢ Mymauuu 6sxa ¢ nomBopgeHa MIH, kakmo caegBa: MM® (n = 7) uau ET (n = 7).
JeBem cayyas 6axa ¢ mun 1 Mymauuu, a 5 cay4aa — ¢ mun 2 mymauuu. Mymauuume 8 ek3oH 9 Ha CALR, ek3on 10 Ha MPL u JAK2
p. V617F mymauuama 6axa B3aumHo uskatouBawu ce. Hamawe cmamucmuyecku 3Ha4yuMu pasauku 8 xeMamoAO2U4HUME napamempu
mexXgy cayyaume ¢ CALR uau JAK2 uau MPL mymauuu. /I yemupume mexHuku nokasaxa ugeHmuyHu pesyamamu no OmHOWeHUe
Ha gemekuuama Ha CALR mymauuu. ToBa npoyuBaHe e egHO om MaAkomo CbOOWEHUA 3a Yyecmomama Ha Mmymauuume Ha CALR 8
t0z2ousmouna EBpona. Hawemo npoyuBaHe noka3Ba, ye yecmomama u npoduasom Ha CALR mymauuume ca UugeHmuyHu ¢ mesu npu
nauueHmu om pasBumume cmpadu. OcBeH moBa mo geMoHCMpUpa NoA3ama 0m Yemupu pasAuyHU Memoga 3a maxHomo omkpuBaHe.
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MOCTEP 21
ABTOMIMYHHW HEYTPOMEHWWN NPN Bb3PACTHI MALMEHTI C MbPBIYHN NMYHHI
OEQULNTA: ABA , TUMNYHA” CAYYAA

CmoumeHoB A, AraukoB L|?, BvaueB %, LLluBapoB B> ¢

' A\abopamopus no mpaHcgy3uoHHa xemamonaoaus, YMBAA ,Codpuameg”, Codus
20mgeneHue no KauHuuHa xemamoaozusi, YMBAA ,Coduameg”, Codus
°*\ abopamopus no KauHuuHa umyHoaozus, YMBAA ,Coduameg”, Codus

ABmoumyHHUMe 3a60AABaHUA ca yecma u3ABa Ha nbpBuyHume umMyHHU geduuumu (MAL) npu Bb3pacmHu nauueHmu. Te Mo2am
ga bbgam kakmo cucmemHu 3a6oadaBaHuA maka u opaaH-cneuuduyHu. KoM nocAegHUME ce OMHAcAM U u30AUpaHuUme aBmoumMyHHU
uumonexuu. Mopagu Huckama cu yecmoma ML yecmo ocmaBam He2auupaHa npuyuHa 3a aBmoumMyHHU uumoneHuu, Tyk onucBame
gBa nogobHu cayyaa, koumo ualocmpupam poaama Ha M kamo ¢akmop 3a pa3Bumue Ha aBMOUMYHHU UUMONEHUU.

Cayuail 1: MauueHmka Ha 33 20guHU C peuuguBupawiu CUHONYAMOHAAHU UH(ekuuu bewe HacoueHa nopagu mexkka HeymponeHus.
VimyHoAo2u4HUME u3cAegBaHua nokasaxa Hucku HuBa Ha IgA u lgG4. Mopagu moBa 6ewe nocmaBeHa guazHoszama ceaekmuBeH IgA
geduuum. MauueHmakama ce noBaua om Hucku gosu KC, koemo npegnoaa2a Haauuuemo Ha aHmuHeympo®uAHu aHmumeaa. OcBeH
moBa npu nauueHmukama bewe gokasaHa 2aymeHoBa eHmeponamus ¢ Bucok mumbp Ha aHmu-TTT aHmumeaa. Ha doHa be3aayme-
HoBa guema nauueHmkama noggopka HeympoduaeH 6pod Hag 1.5 [/a 8 npogbakeHue Ha 6 Meceua.

Cayuail 2: 32 2ogulieH MoX ¢ mexkka XeMOAOMUYHA aHEMUA, CMECEH MUN, U 2eHepaAu3upaHa AuMMageHoMe2anua U CNAEHOMe2aAus,
C gbA2020gULLIHA aHAMHE3a 33 YeCmU CUHONYAMOHAAHU UHGeukuu, ncopuasuc u mupeougum Ha Xawumomo. buoncuama Ha uH2BuHaAeH
AUMeH Bo3ea nokasa GoaukyrapHa xunepnaasus, a KOCMHO-MO3bYHama nyHkuus — uspaseHa epumpobAacmHa xunepnaasus 6e3 gaHHu
3a uHduampamuBeH npougec. imyHoao2uuHUMe uscaegBaHua nokasaxa noHuwkeHu HuBa Ha IgM u C3, nopagu koemo 6ewe nocmaBeHa
guazHo3zama ceaekmuBeH IgM geduuum. bewe npoBegeHo AeueHue ¢ Bucoku go3u kopmukocmepougu ¢ nocAegBalwio mumpupase Ha
go3ama go NbAHOMO UM ChupaHe cAeg Yemupu Meceua. MauueHmbm nokasa HOpMaAu3UpaHe Ha XemMamoAO2UYHUME Nokazameau U
gOAHO2PaHUYHU HUBa Ha obwuA IgM. Omueme ce cAabo noBauABaHe Ha AuM@ageHOMe2aAuAMma.

Te3u gBa cayyaa nokasBam, ye aBmOUMYHHUME UUMONEHUU Mo2am ga bbgam u3ABa Ha M npu Bv3pacmHu nauueHmu u
u3BbpwBaHemo Ha 0CHOBHU u3cAegBaHus 3a XyMOpaAHUsA U KAemoyHUA uMyHUmMem paHo B guagHocmuyHuUA npouec moxe ga goBege
g0 6bp3a guazHo3a u npaBuAHo mepanedmu YHO noBegeHue.
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