Kistik Fibroz Genetigi



KiSTIK FIBROZ

- Bati toplumlarinda en sik gorulen tek gen hastalig
-Sikhgi:1/2500
-Tastyicilik 1/25

- OR

- Cocukluk caginda bulgu verir
-%7 eriskin

- Kronik hastahk




Kistik Fibroazis icin tasiyicilik etnik gruplara gore degisir

- Beyaz irkda 1/25
« Musevilerde 1/25
- Ispanyol kékenlilerde 1/46

« Afrika kokenli Amerikalilarda 1/65
- Asya kokenlilerde 1/90




Etnik gruplara gore Kistik Fibrozis sikhgi (1/canh dogum)

- Beyaz irk 1/2500-3000
» Musevilerde 1/2500-3000
- Ispanyol kokenli 1/8000-9000

» Afrika kokenli Amerikali 1/15300
- Asya kokenlilerde 1/32100




KISTIK FIBROZ - Tarihce

- 7. Yuzyil: “Opildigiinde alninda tuz tadi olan cocuk cok
gegmeden olur” (isvicre’den Almanca bir cocuk oyun sarkisi)

- 1938 - CF de pankreas tutulumu Dr. Dorothy Andersen (patalog)
+ 1943 - Mukovisidozis Dr. Sydney Farber (patalog)
» 1948 - Hyponatremic dehydration— CF

« 1953 - Terde Cl artisinin tani testi olmasi Dr. Paul di Sant’Agnese




KISTIK FIBROZ - Tarihce

+ 1980 - Tedavi ile yasam siiresinin uzamasi

* Pankretik enzimler Lap-Chee Tsui
« Vitamin destegi, semptomatik tedavi

+ 1989 - CFTR genininklonlanmasi ve 7.
kromozomda oldugunun belirlenmesi, Delta
F508 in tanimlanmasi

« Reverse genetik

+ 2015 - 1950 ‘den fazla mutasyonun

tanimlanmasi




Kistik Fibrozda Temel Patoloji

* Mukus Gireten organlarinkanallarinda
koyu mukus toplanmasi

* Kanallardadilatasyon

!

* Bu kanallarinbulundugu
organlardailerleyici bozukluk




Kistik Fibrozda Tutulan Organlar

Manifestations of

Cystic Fibrosis

General Lungs
-Growth failure (malabsorption) -Bronchiectasis
-Vitamin deficiency states -Bronchitis
(vitamins A, D, E, K) -Bronchiolitis
-Pneumonia
Nose and sinuses -Atelectasis
-Nasal polyps -Hemoptysis
-Sinusitis -Pneumothorax
Liver -Reactive airway disease
-Hepatic steatosis -Cor pulmonale
-Portal hypertension -Respiratory failure
-Mucoid impaction of the bronchi
Gallbladder -Allergic bronchopulmonary aspergillosis
-Biliary cirrhosis

-Neonatal obstructive jaundice Heart

-Cholelithiasis MRiBhPushifiaiaPnbeol
Bone -Pulmonary artery dilation
-Hypertrophic osteoarthropathy Spleen
-Clubbing -Hypersplenism
- steopo. . Stomach
- - -GERD
Intestines g » ,
-Meconium ileus ) Pancreas
-Meconium peritonitis -Pancreatitis
-Rectal prolapse -Insulin deficiency
-Intussusception -Symptomatic hyperglycemia
-Volvulus -Diabetes
-Fibrosing colonopathy (strictures) Reproductive
-Appendicitis -Infertility
-Intestinal atresia (aspermia, Absence of vas deferens)
-Distal intestinal obstruction syndrome -Amenorrhea

-Inguinal hernia -Delayed puberty




KiSTIK FIBROZ

PROGNOZ GIDEREK IYILESMEKTE

>%38 hasta—> 18 yasin ustiinde
%13 hasta - 30 yasin ustiinde

Median CF Survival Age, 1940-2000

ORTALAMA YASAM

E-> 32 yas

K - 29 yas
* Erkeklerin %85’ i sterildir -

1940 1950 1960 1970 1980




KiSTIK FIBROZISTE EN SIK

SEMPTOMLAR
*okstrik/hisilti

* infeksiyonlar/ pnémoni
* nazal polipler

* GIS problemleri

* biyume geriligi

* tuzlu cilt

* infertilite

Bronsektazi
Pnomotoraks
Miikis tikaci

Semptomlarin ¢esidi ve agirligi
kisiden kisiye degisir.




Ter testi kistik fibrozis tanisinda
altin standart olarak kabul
edilmektedir

Terde Cl -

!

60mEq/It




TRANSEPITELIAL NAZAL POTANSIYEL FARKI (NPD) OLCUMU 6
YASIN USTUNDE DEGERLI BiR TANI KRITERIDIR.

= Kistik fibrozda normallerle kiyaslandiginda bazal NPD
= Cl gecirmeyen membranda—> artmis Na reapsorpsiyonunu gosterir.




Kistik Fibrozun Klinik Siniflamasi

! !

Klasik Kistik fibroz Non-Klasik Kistik fibroz
- Terde Cl<30 veya 30-

- Terde CI>60 Meq/It 60 Meq/It

- Hizli-progresif - Hafif hastalik tablosu

- Heriki allelde Kistik
Fibroza neden oldugu
bilinen mutasyon

- Akciger tutulumu
+ Pankreas

- En az bir veya daha
fazla semptom

- NPD de artma
- En az bir allelde Kistik
Fibroz mutasyonu




Kistik Fibrozda Klinik Spektrum

CF Carrier

1 CFTR mutation
Normal sweat chloride:
< 30 mEg/L

Figure 3. The Cystic Fibrosis Diagnostic Spectrum.' =2 2CF = cystic fibrosis; CFTR = cystic fibrosis transmembrane con:
luctance regulator; CFTR-RD = CFTR-related disease; CRMS = CFTR-related metabolic syndrome.

AJN, June 2014, Vol. 114, No. 6



KISTIK FIBROZ GENI

*7q31.2

*190 Kb uzunlukta-27 ekzon
* 6129 baz transkripsiyona +
* 1480 aa-CFTR proteini
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CFTR Proteini
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|CFTR Fonksiyonu ve Kistik Fibroz |

CFTR cAMP ye bagimli, Cl-kanali
olusturan ve Cl-un hiicreden

NORMAL FONKSIYON disari cikmasini saglayan bir

proteindir. Bunu hlicreden ATP
kullanarak yapar.

Havayolu lumeni NaC] NaCl

NaCl
H,0 NaCl

Na+

Cl-

ENaC

v

)Q H,0

Sekil: Rebekah F. Brown, MD | n t rase I I u | er

Center Director, Cystic Fibrosis Center at
Vanderbilt




NORMAL

Havayolu lumeni

— —

} Mukus

)

f )~
N | Havayolu

silia ylizeyi
| ’ sivisi

Silia kolaylikla hareket edecek ortam bulur ve havayoulunu partikuller
ve bakterilerden temizler

v

Cok miktarda sivi inflamatuvar hiucrelere uygun ortam saglar, bakteri
ve viruslari vs. bularak yok olmalarini saglar

Sekil: Rebekah F. Brown, MD

Center Director, Cystic Fibrosis Center at
VVandarbilf




|CFTR Fonksiyonu ve Kistik Fibroz |

KiSTiK FIBROZ

Havayolu lumeni

»

H,O

v
Cl- Na+
Sekil: Rebekah F. Brown, MD

Center Director, Cystic Fibrosis Center at
Vanderbilt

intraseluller




| Kistik Fibroz |

Havayolu lumeni

—

} Mukus

silia ////W///—- } Havayolu

yuzeyi
SIVISI

Silia kalin mukus nedeniyle hareket edemez, partikulleri vs disari
atamaz..

Notrofillerin nekrozu sonucu DNA ve aktin, mukusa gecer mukus
koyulasir

Sekil: Rebekah F. Brown, MD

Center Director, Cystic Fibrosis Center at
Vanderbilt




CFTR FONKSIYONU HASTALIK TABLOSU iLISKiSi

- fonksiyon % 50 var = Hastalik yok

- fonksiyon % 10 to 49 = KF tablosu yok, fakat fertilite
ve sterilite problemleri var

- fonksiyon % 5 = “Hafif” KF, ge¢ tani
- fonksiyon % 4 den az= progresif pulmoner hastalik

- fonksiyon %1 den az= Pulmoner hastalik ve
Pankreatik yetmezlik




Kistik fibrozis geninde en sik rastlanilan
mutasyon->Delta F508 ====) F508del

Chromosome 7
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Cystic Fibrosis Gene

CFTR Sequence:
Nucleotide ATC ATIC TT|T GGT GTT
Amino Acid lle Il Gly Vval
s6 | 508 10

Deleted in AF508
AF508 CFTR Sequence:
Nucleotide ATC ATT GGT GTT
Amino Acid lle lle Gly Val

5:)6



F508del mutasyonu 10. ekzonda
1. Nukleotid baglayici bolgededir
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Delta F508 mutasyonusikligi etnik gruplara gore degisir

Etnik grup Delta FS08 i

% %

e Beyazirk 70 13

e Musevilerde 30 67

e ispanyol kékenli 46 11

o Afrika kokenli Amerikali 48 |

e Asya kokenlilerde 30 ?

e TURKLER 18-30 ?




CFTR Mutasyon Tipleri-2012

CFMDB Statistics

There are currently 1910 mutations listed in this CFTR mutation database.

Statistics by mutation type:

Mutation Type Count Frequency %
Missense 773 40.47
Frameshift 305 15.97
Splicing 226 11.83
Nonsense 161 8.43
In frame in/del 37 1.94
Large in/del 49 2.57
Promoter 15 0.79
Sequence variation 269 14.08
Unknown 75 3.93




Wwi282x

God2X

2015- 1950 den fazla CFTR

G5510

mutasyonu tarif edilmistir.

62141 G—=T

N1303K

R553X

R117H

38494+ 10kb C-=T

1NT7AG—»T

A455E

R247P
--l_---li
R560T

TN+ 1G~T

AIS07

R1162X

International Cystic Fibrosis Genetic
Analysis Consortium (CFGAC) CFTR1
(http://Iwww.genet.sickkids.on.cal/cftr/)

278945 G—+A

GasE

26590e1C

Ri34W

2184delA

S540N

1898 +1 G—=A

“Clinical and Functional Translation of
CFTR”, CFTR2 (http://www.cftr2.org/).

1078delT

100

B North America [ Work! Proportion of CF Chromosomes (%)

10483 kromozomda c¢aligilan
24 KF mutasyonunun dagilimi




Bati toplumlarinda yaygin kullanilan tarama
testine bulunan 23 mutasyon

Table 2

ACMG recommended panel of 23 classic CF-causing mutations. These mutations
include missense, stop, splicing and frameshift mutations.

23 ACMG recommended panel of classic CF-causing mutations

G85E 1507del R560T
R117H F508del R1162X

R334W (542X W1282X
R347P G551D N1303K

A455E R553X

621+1G>T 2789+5G>A
T11+1G>T 3120+ 1G>A
1717 - 1G> A 3659delC
1898+ 1G> A 3849 +10kbC>T
2184delA

CFTR dizi analizi ile
tum toplumlarda
mutasyon saptama
yuzdesi

% 93- 98.7

The Interational Journal of Biochemistry & Cell Biology 52 (2014) 94—102

Bu test ile etnik gruplara gore
mutasyon saptama yuzdesi

Beyaz irk %90
ispanyol kokenli %57
Afrika kokenli Amerikal %69
Asya kokenlilerde ?



Klinik sonucglara gore mutasyonlarin siniflamasi

Classification of CFTR mutations according to their clinical consequences. Examples
of each of the four groups of mutations are given.
Group A Group B Group C Group D
Classic-CF Non-classic CF No clinical Unknown
CF-causing CFTR-related consequence clinical
mutations disorder relevance
associated
mutations
All mutations TG13-T5%, TG11-T5", All mutations
in Table 2 R117H-T5%, R117H-T7", (mostly
and D1152H-, R750Q", missense) not
711+ 3A>C", L206W*, L99T7F, 875+40A/CG, yet analyzed or
R117H-T5*, M952I1, M470V, T854T, undergoing
D1152H°", D565G2, P1290P, IBO7M, functional
L206W*, TG11-T5°, I521F, R74W, analysis
TG13-T5* R117H-T7%, F508C, 1506V,
D443Y-C576A- 1148T
R668C,
R74W-
D1270N,
R75Q"
* Mutations that may belong either to Group A or to Group B.
b Mutations that may belong either to Group B or to Group C.

European Cystic Fibrosis Society , European Soci-ety of Human Genetics , he EuroGentest Network of Excellence -2007



Kistik Fibroziste Genotip-Fenotip lligkisi

Genotip-Fenotip korelasyonu

en yuksek diizeyde,

* pankreatik fonksiyonlar ve azospermi ile
en dusuk duzeyde,

* akciger fonksiyonlariile oldugu gozlenir

AKCIGER HASTALIGININ PROGNOZU iCiN GENOTIP iYi
BIR GOSTERGE DEGILDIR




Homozigot Delta F508 mutasyonlu

hastalarda akciger bulgularn oldukca
degiskenlik gosterir.

*Sigara icme, malnutrisyon gibi cevresel
faktorler

*Modifiye edici genler klinik varyasyonda
onemli

*Tedavi sekli ve baslama zamani




CFTR yapisi ve fonksiyonuna gore
mutasyonlarin siniflamasi

Class VI Class V
defective regulation of other ion channels reduced synthesis
(del508, G551D) (3849+10kbC>T)

defective activation
Nucleus

Class IV
decreased conductance
(R117H, R347P, D1152H)

(G551D)

Endoplasmic  » 5,
Class | reficulum &\ ¢ Class Il

defective protein synthesis abnormal processing/trafficking
(R553X, W1282X, 3950delT) (del508, N1303K)




CFTR proteininde meydana getirdikleri fonksiyon
bozukluguna gore mutasyonlar siniflara aynlir

- Sinif | : Protein sentezi yok. Nonsens, frameshift, veya splicing
mutasyonlar

- Sinif Il : Proteinin islenmesinde, yanlis katlanmadan
dolayi,bozukluk. Missens mutasyonlar, amino asit delesyonlari

- Sinif lll: Klor kanali duzenlenmesinde blok yapanlar.
Missens mutasyonlar (ATP bagdlayici bolgelerde)

- Sinif IV: Klor iletimini  degistirenler. Missens mutasyonlar
(Membran yapici bolgede)

- Sinif V : Fonksiyonel protein sentezini azaltanlar. Nonsens,
frameshift, veya splicing mutasyonlar

- Sinif VI : Proteinin yarilanma omrunu kisaltanlar. Diger iyon
kanallarindaki defektif durum kaynakl




Table 3. Classification of Cystic Fibrosis® 42

Worldwide
frequency
Mechanism of inCF Exampleofa | CFTRprotein | Chloride Clinical
Classification | dysfunction population mutation production transport presentation
Class| Little to no 5%-10% G542X Littleornone | None Typical CF
protein is symptoms
produced
Class i Defective protein | 40%-50% F508del® Very limited Almostnone | Typical CF
is destroyed symptoms
before it reaches
cell membrane
Class Il Protein cannotbe | 5% GS51D Normal/ Greatly Typical CF
turned on to reduced reduced symptoms
conduct chloride
(gating defect)
Class IV Protein conducts Unknown R117H Normal Diminished Mild
chloride less symptoms or
effectively delayed onset
of typical
symptoms
ClassV Abnormal RNA Unknown 3849+ Reduced Diminished Mild
splicing results in 10kbC->T symptoms or
decreased delayed onset
functional protein of typical
symptoms
ClassVi Functional protein | Unknown Q1412X Normal Diminished Mild
present at symptoms or
membrane for a delayed onset
shorter than of typical
normal period symptoms

CF = cystic fibrosis; CFTR = cystic fibrosis transmembrane conductance regulator.
 The authors acknowledge Patrick Sosnay, MD, of Johns Hopkins University for reviewing this table on behalf of the CFTR2 project.
® Most common CFTR mutation; at least one copy is found in approximately 90°% of CF cases worldwide.




CFTR Mutasyon Siniflarina Gore Klinik Bulgular

Sinif IV mutasyonlarinda pankreatik yetmezlik, diyabet ve
karaciger hastaligi gorulmemekte, akciger bulgular hafif

Sinif V mutasyonlarinda da akciger bulgularn hafif
olmaktadir.

Her iki siniftan mutasyonlarda P. aeruginosa
kolonizasyonu geg¢ goriilmektedir.

European Epidemiologic Registry of Cystic Fibrosis (ERCF): Comparison of major
disease manifestations between patients with different classes of mutations
Pediatr Pulmonol. 2001; 31:1-12.



Klasik KF hastalarinin %85inde
pankreatik yetmezlik vardir

Bhe cuct
from fver Stomach
Ducdermm /
\ Hzemanes
ol

v . e A '»:’.4‘:{:
agir klinik tablo yapan \,ﬁgﬁﬁjy
)& Biagtaat
mutasyonlar (sinif |, 11, 111) T
homozigot veya bilesik heterozigot olarak T—
bulunur

Delta F508/ Delta F508
Delta F508/ N1303K




CBAVD
(congenital bilateral absance of vas deferens)
olan hastalarin %80 inde en az bir allelde

CFTR mutasyonu bulunur.

|

Sadece CBAVD bulunanlarda, hafif tablo yapan
sinif IV, V mutasyonlari vardir.




S
CFTR geni disindaki bazi genlerdeki

polimorfizmler de klinik tabloyu
etkilemektedir

HLA clas Il antijenleri

mannoz-baglayan lektin

alfa(1)-antitripsin ve alpha(1)-antikimotripsin
glutatyon-S-transferaz

nitrik oksit sentetaz type |

TNF-alfa,

TGF-beta,

IL-1beta

* IL-1Ra

* *F Ok * O ¥ * *

Acton JD, Wilmott RW. Phenotype of CF and the effects of possible modifier
genes. .Paediatr Respir Rev. 2001 Dec;2(4):332-9.




Mortalite CFTR mutasyon c¢esidi ile yakindan ilgilidir

Homozigot DeltaF508e gore,
 DeltaF508/R117H
 DeltaF508/Deltal507
 DeltaF508/3849+10kbC-->T
 DeltaF508/2789+5G-->A

daha dusuk mortalite gosterirken

*Sinif IV ve V mutasyonlarinda mortalite daha dustiktiir.

Effect of genotype on phenotype and mortality in cystic fibrosis: a retrospective cohort study.
McKone EF, Emerson SS, Edwards KL, Aitken ML. Lancet. 2003 May 17;361(9370):1671-6



Kistik Fibroz disinda bazi hastaliklarda da
CFTR mutasyonlarinin etkisi vardir

Idiyopatik pankreatit, bronsiyektazi, aspergilloz,
kronik sinlizit, astim, sklerozan kolanjit gibi hastaliklarda
CFTR mutasyonlari ve 5T alleli sikhigi artmistir.

- Delta F508 tasiyicilarinda astim sikhigi iki kat
artmistir




CFTR geninde kompleks alleler ve ¢ok sinifli mutasyonlar olabilir.

R117H will likely act as a disease-causing mutation. Most patients with
this combination of mutations and the 5T form of the poly-T tract will have
elevated sweat chloride and clinical symptoms of CF. Symptoms for these
patients may be variable. There is an increased risk for male infertility.

CF-causing mutation, such as F508del |[R117H and 5T

R117H is unlikely to act as a disease-causing mutation (particularly for
females), but may result in male infertility. However, a person with this
combination of mutations and this form of the poly-T tract may have
borderline or elevated sweat chloride and mild clinical symptoms of CF.

R117H is highly unlikely to act as a disease-causing mutation. The vast
CF-causing mutation, such as F508del |[R117H and 9T majority of individuals will not have CF. Male fertility is typically not affected
by R117H and 9T.

CF-causing mutation, such as F508del R117Hand 7T




Kistik Fibrozda Tedavi

» Havayolunu temizleme (fizik tdavi, bronkodilatator,
pulmozyme, kortikosteroid, vs)

+ Enfeksiyonlari 6nleme ve tedavi (antibiyotikler vs)
+ Antinflamatuvarlar
* Pankreas enzimleri
* lyi beslenme

* Transplantasyon

+ Gen Tedauvisi

{Mutasyon hedefli tedavi

Ramsey BW, et al., 2011 McKone EF, etal. 2011, Pettit RS 2012,Hanrahan JW, et al. 2012



CFTR
fonksiyonunu
%25 e
¢tkarmak

Kistik Fibrozda Tedavisinde Hedef —

3 ¢cesit mutasyon hedefli tedavi var

| 1 l

MmRNA erken stop

kodonlari diizelterek

Fonksiyon
arttiricilar Onaricilar okuma
(Potentiators) (Correctors) (Read Through

MRNA Premature
Stop Codons)




FONKSIYON ARTTIRICILAR- Potentiators

- Membranda var olan ancak yeterince aktif olmayan Cl
kanalinin aktivitesini arttirirlar

- FDA onayli ivacaftor (VX-770) tarih: 2/2012

« 6 yasin ustindeve G551D mutasyonu tasiyanlarda

« Sinif 1l ve IV mutasyonlariicin uygun, Delta F508 de denenmekte (fazlll
calismalari)

« Pulmoner fonksiyonlarda diizelme, kilodaartma, ter klorunda ve pulmoner
ataklarda azalmasaptanmistir.

Ramsey BW, et al., 2011 McKone EF, etal. 2011, Pettit RS 2012,Hanrahan JW, et al. 2012



ONARICILAR-Correctors

« CFTR proteininin kanal olusturmak tizere hticre ylzeyine
gocunu saglar
- Delta F508 icin uygun
« VX-809 — calismalar suriyor
- ivacaftor/VX-770 ile kombine ¢alismalar var

- Faz Il calismalari
- Terde Klorda azalmavar
- Akciger fonksiyonlarinda iyilesme yeterli degil

Clancy JP, etal. 2012,Van Goor F, et al. 2011, Boyle MP, etal. 2011, Pettit RS, 2012, Hanrahan JW, et al. 2012



MRNA Erken Stop Kodonlari Duzelterek Okuma

» Duchenne MD gibi diger genetik hastaliklarda denenmekte
« Gentamisin- toksik

« Ataluren (PTC-126) calismalari stirtyor
« CFTR fonksiyonunda va NPD de iyilesme
- Pulmoner fonksiyonlarda iyilesmeye egilim (NPD)
+ Kiloda artmaya egilim

Clancy JP, etal. 2012,Van Goor F, et al. 2011, Boyle MP, etal. 2011, Pettit RS, 2012, Hanrahan JW, et al. 2012



Kistik Fibrozis icin Neonatal Tarama

Newborn screening for CF

/\

Elevated IRT levels Normal IRT levels

Repeat IRT or DNA
analysis and/or
gene sequencing

/\

Elevated IRT levels Normal IRT levels
CFTR mutations found No CFTR mutations found

Abnormal screen Negative screen for CF

\/

Results communicated to provider and/or family

Sweat chloride test
CF diagnosis Intermediate Normal result
confirmed result CF ruled out
(chloride (chloride (chloride

= 60 mEg/L) 30-59 mEg/l) <30 mEg/L)

Figure 2. A Cystic Fibrosis Newborn Screening Algorithm.®"*CF = cystic fibrosis;
CFTR = cystic fibrosis transmembrane conductance regulator; IRT = immunoreac-
tive trypsinogen.



Kistik fibrozis icin neonatal tarama

=  Erken tani ozellikle klinik 6nlemlerin alinmasini
saglayarak prognozu iyilestirdigi icin onerilmekte

= Neonatal tarama, yapilan calismalarda geleneksel
tani ile kiyaslandiginda karli bulunmustur.

= ABD, ingiltere, Avustralya’da neonatal tarama
programlari baslatiimistir.




EUTF-36 Mutasyonluk Hizli Test

Mutasyon paneli

l

F508del, 3849+10kbCT, G542X, 2184delA, 621+1GT, 1507del, 1717-1GA,
R334W, 3659delC, G551D, 1078delT, R1162X, R117H, G85E, R560T,
A455E, 711+5GA, R553X, R347P, 2789+5GA, W1282X, N1303K, Q552X
394delTT, E60X, 2143delT, 2183AA-G, 3905insT, CFTRdele2,3(21kb),
711+1G-T,3272-26A-T, 1898+1G-A, 1148T, 3199del6, 3210+1G-A, Tn

l

%353




Tiirkiye ‘de

- 1- %18-30 F508del
- 2- 1677delTA
- 3- G542X ve 2183AA—-G




4]

Ech ogcn ic

Hiperekojen barsak

Ascites

Outcome of 682 cases of echogenic bowel

Outcome N (%) Termination of U Neonatal
pregnancy (N) Fetal Demise (V) death (N)

Normal healthy newborn 447 (65.5) — —
Chromosomal abnormality 29 (4.3) 21 2 0
Trisomy 21 17 2.5) 15 1 0
Other 12 (1.8) 6 1 0
Severe 7(1) 6 1 0
Less severe (a) 5(0.7) 0 0 0
Cystic fibrosis 21(3.1) 16 0 0
Infectious diseases 19 (2.8) 12 1 0
Cytomegalovirus 152.2) 12 1 0
Parvovirus 4 (0.6) 0 0 0
Toxoplasmosis 0(0) —_ — —
Rubella 0(0) — — —
Intrauterine Growth Restriction 28 4.1) 0 7 0
Intra-amniotic bleeding 21 (3.1) NS NS NS
Unexplained IUFD 13(1.9) — 13 -
Associated structural abnormalities 47 (6.9) 17 2 3
Gastrointestinal abnormalities 20(2.9) 3 1 0
Multiple visceral abnormalities 12 (1.8) 4 1 1
Cardiac abnormalities 5(0.7) 2 0 1
Other 10 (1.5) 8 0 1

(a) - Less severe includes Klinefelter syndrome, Robertsonian translocation, and mosaic trisomy X.
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