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COLOUR CODE USED THROUGHOUT THESE NOTES

AFFECTED / CF CARRIER HAEMOGLOBIN SCREENING METABOLIC / OTHER

LEARNING OBJECTIVES — tick off as you go

[0 Recognise AR inheritance and calculate carrier and recurrence risks.
[0 Explain heterozygote advantage, founder effects and consanguinity.
[0 Describe CF, sickle cell, the thalassaemias and CAH.

[0 Know UK antenatal and newborn screening for AR conditions.

[0 Manage pregnancy in women with sickle cell, CF, PKU and thalassaemia.

1 Inheritance and Risk

IN ONE LINE: Both copies faulty: affected siblings with healthy (carrier) parents, both sexes, 25% each
pregnancy. Most carriers never know until they have an affected child — hence screening.

Autosomal recessive — two carriers (orange half = carrier, blue = affected)

carrier carrier

I]_ ‘ : Every pregnancy 1in 4 affected — chance has no memory
Healthy sibling % chance of being a carrier

Carrier x non-carrier no affected children; % carriers

1% affected ('pseudo-dominant' in

Affected x carrler consanguineous / high-frequency groups)

AFFECTED carrier carrier non-carrier Affected x non-carrier all children carriers
25% 25% 25% 25%

Figure 1. Two carriers.
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Hardy-Weinberg: p* + 2pq + q° = 1 — worked example, cystic fibrosis (Northern European)

Disease frequency

q*=1/2500

Mutant allele

q=(1/2500) = 1/ 50

Normal allele Carrier frequency

>
p=1-qgq=1 2pq=2x1/50=1/25

Shortcut for rare recessive disease: carrier frequency = 2v(disease frequency). Risk two random people have an affected child = 1/25 % 1/25 x 1/4 = 1/2500.
Assumes random mating, no selection, migration or new mutation — consanguinity and founder populations break it.

Figure 2. Hardy—Weinberg (from Lecture 78).

¢ Heterozygote advantage: sickle and thalassaemia carriers resist severe malaria = high carrier rates where
malaria was common. Founder effects: a small founding population = high frequency (Tay—Sachs in

Ashkenazi Jews).

2 Key Conditions

Condition

Cystic fibrosis

Sickle cell
B-thalassaemia
a-thalassaemia
CAH (21-OH)

Tay—-Sachs / Gaucher
PKU / galactosaemia
SMA

Haemochromatosis /
Wilson / Friedreich

Gene

CFTR (7931)

HBB Glu6Val

HBB

HBA1/HBA2

CYP21A2

HEXA / GBA
PAH / GALT

SMN1

HFE / ATP7B / FXN

‘ Notes

Carriers ~1in 25 (N Europe); F508del ~70% of alleles;
lungs, pancreas, meconium ileus, CBAVD; sweat chloride;
modulators (elexacaftor/tezacaftor/ivacaftor)
transforming survival

HbSS (also HbSC, HbS/B-thal); crises, asplenia, stroke

Carrier: microcytosis, HbA2 > 3.5%; major: transfusion-
dependent from ~6 months

4 genes — see figure 3

Carriers ~1in 60; classical ~1 in 15,000 (3 salt-wasting);
non-classical mimics PCOS (Lecture 65)

Ashkenazi founders; Gaucher has enzyme replacement
PKU on heel prick; diet

Carriers ~1 in 40-50; nusinersen, gene therapy, risdiplam

Iron overload (C282Y) / copper / GAA repeat ataxia
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a-thalassaemia — count the working a-globin genes (4 in total, 2 on each chromosome 16)

chr 16 chr 16
] [ ] [ ] [ ] 4 of 4 genes normal
aa/aa
] [ ] [ ] - "I 3 of 4 genes silent carrier
__J -a/aa normal blood count
A "‘I [ "i 2 of 4 genes a-thalassaemia TRAIT
l_ -7 I_ iy —a/-a or --faa mild microcytosis; '==/aa’ (CIS, SE Asian/Mediterranean)
can give Hb Barts if partner also has '--'
l__"l l__“I 1~ \I 1 of 4 genes HbH disease
—_— L S --/-a 4 tetramers; moderate haemolytic anaemia
"i [__"i |__"'l l__"'l 0 of 4 genes Hb BART'S HYDROPS
__,__J __,l__J - y4 can't release O, — fetal anaemia, hydrops, death in utero;

mother: pre-eclampsia ('mirror'), PPH — offer PND early

B-thalassaemia: ONE B gene per chromosome 11 — carrier = raised HbA2 (> 3.5%); major = transfusion-dependent from ~6 months.
Sickle: HBB GluéVal — HbS; HbAS trait vs HbSS disease (also HbSC, HbS/B-thal).

Figure 3. a- and B-thalassaemia and sickle.

CAH — the commonest cause of 46,XX DSD (simplified adrenal pathway)

——

Cholesterol

' 7 r 3

21-HYDROXYLASE deficiency (~90-95%)

Progesterone 17-OH-PROGESTERONE DHEA CYP21A2 e autosomal recessive
diverted|
\, 7 \, 7
=;—0H blocked ~m—— 2}%‘1 v
— s \ s \
11-deoxycorticosterone 11-deoxycortisol Androstenedione 1 cortisol + | aldosterone - SALT- WASTING

crisis (days ~7-14): | Na, T K, vomiting, shock
T 17-OH-progesterone (diagnostic)

T androgens = VIRILISED 46 XX girl

{ovaries + uterus normal); early puberty in boys

\ J \ J
) v v

Corticosterone Testosterone

p— T— | D T—

R v ” ~
[ CORTISOL ] (= DHT)
. S

ALDOSTERONE
Figure 4. CAH (from Lecture 65).

Treat: hydrocortisone + fludrocortisone (+ salt)

S —

¢ CAH antenatal dexamethasone to reduce virilisation of 46,XX fetuses is experimental/controversial
(exposure of unaffected fetuses; long-term safety) — research settings only.

© PIPADOR.co.uk | Page3



Lecture 83: Autosomal Recessive Disorders | MRCOG Part 1

3 Screening

ANTENATAL sickle cell + thalassaemia screening (all women)

-
Booking < 10 weeks: Woman a carrier — Both carriers = .
FOQ + FBC (low prevalence) test the BABY'S FATHER counselling; offer PND ?:::m::p:‘;;;
or lab screen for all (high) promptly (cVS) by ~12"* weeks

NEWBORN blood spot (heel prick), day 5 — 9 conditions

Sickle cell disease J [ Cystic fibrosis ] [ Congenital hypothyroidism ] [ PKU J [ MCADD ]

MSUD ] [ Isovaleric acidaemia ] [ Glutaric aciduria type 1 ] [ Homocystinuria ]

—

—_—

CAH is NOT on the UK heel-prick test (clinical diagnosis + U&E); SMA screening is being evaluated. Hearing + NIPE checks are separate.

Figure 5. UK antenatal and newborn screening.

Who carries what — heterozygote advantage (malaria = sickle/thal) and founder effects

Northern European CF {~1 in 25 carriers), haemochromatosis (C282Y)

African / Afro-Caribbean SICKLE CELL (1in 4 in parts of W Africa; ~1 in 10 Afro-Caribbean); a’-thal

Mediterranean / Middle East / S Asia B-thalassaemia (~1 in 10-20), sickle (some groups)

a’-thal (--/aa) = Hb Bart's risk; HbE

Ashkenazi Jewish Tay-Sachs (~1in 30), Gaucher, Canavan, familial dysautonomia, BRCA founders

Consanguineous couples 1st cousins share 1/8 genes — anomaly risk ~3% — ~6% (mostly AR); offer carrier testing for known family conditions

Figure 6. Ancestry, founders and consanguinity.

e Expanded (pan-ethnic) carrier screening tests hundreds of genes regardless of ancestry; finds ~1-4% of
couples both carrying a severe condition. Available privately; not NHS routine.

MNEMONIC / MEMORY HOOK

'Both carriers? Four options' — natural conception + prenatal diagnosis, PGT-M, donor gametes, or
accept/adopt. Test the father EARLY so CVS can be offered.
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4 Pregnancy in Women with AR Conditions

Women with AR conditions in pregnancy

SICKLE CELL DISEASE (RCOG GTG 61) CYSTIC FIBROSIS

 stop hydroxycarbamide = 3 months before; avoid ACEi/ARB * pre-pregnancy FEV1 (< 50-60% = high risk), weight, CF diabetes
« folic acid 5 mg, penicillin, vaccines; ASPIRIN 75 mg from 12 wk s check partner's CFTR carrier status
* LMWH when admitted + postnatally; growth scans from 24 wk « modulators (e.g. elexacaftor/tezacaftor/ivacaftor) — individual decision
« crises: fast analgesia (no pethidine), O;, fluids; exchange transfusion if severe * MDT: CF team, obstetrics, dietitian, anaesthesia
— P _/

« high phenylalanine — fetal MICROCEPHALY, heart defects, « iron overload — heart, diabetes, hypothyroid, hypogonadism
growth restriction, learning disability

(often needs IVF/ovulation induction)

» restart diet BEFORE conception: Phe ~120-360 pmol/L « pre-pregnancy cardiac MRI (T2*), stop iron chelation (most)
« the BABY usually doesn't have PKU — it's toxicity « transfuse (Hb ~100 g/L), thromboprophylaxis, partner testing
\ J _/
Figure 7. Pregnancy management.
% PEARL

Woman is a sickle/thal carrier - test the baby's father now. Both carriers > PND by ~12*¢ weeks if

wanted.

a® (--/aa) carriers (SE Asian/Mediterranean) risk Hb Bart's hydrops; a* (-a/-a) carriers (often African) do

not.

5 MRCOG Exam Pearls — Last-Minute Page

Numbers to know

25% [ 50% / 25%

Affected / carrier / clear

HIGH-YIELD CHECKLIST

OO0oo0O0oOooOooQoaoad

HbA2 in B-thal trait

% 1in25 ~70%
Healthy sib a carrier CF carriers F508del alleles
<10 wk 9 120-360
SCT screen by Heel-prick conditions Maternal PKU Phe (umol/L)

AR: horizontal, carrier parents, 25%; healthy sib % carrier.

Hardy—Weinberg: carriers = 2V(incidence).

Heterozygote advantage (malaria); founder effects; consanguinity ~3% - ~6%.

CF: CFTR, F508del, CBAVD, sweat test, modulators.

Sickle: Glu6Val; B-thal trait HbA2 > 3.5%.

a-thal: 4 genes; cis ——/aa - Hb Bart's risk.

CAH: 21-OH; salt-wasting; NOT on UK heel prick.

UK heel prick: 9 conditions; antenatal SCT < 10 wk, partner test, PND by ~12*6,

Sickle pregnancy: aspirin, 5 mg folate, LMWH on admission + postnatal, stop hydroxycarbamide.
Maternal PKU: diet before conception (Phe 120-360).
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Self-assessment — cover the right-hand column

Question

Risk of an affected child for two carriers?

Carrier frequency if incidence is 1 in 10,000?
Commonest CF variant?

Male infertility in CF?

B-thal trait lab clue?

Genotype causing Hb Bart's hydrops?

Is CAH on the UK heel-prick test?

Booking test for haemoglobinopathy — by when?

Low-dose aspirin in sickle cell pregnancy?

Fetal effect of uncontrolled maternal PKU?

6 References
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‘ Answer ‘
25% each pregnancy
g =1/100 - ~1in 50
F508del (AF508)
Congenital bilateral absence of the vas deferens
Microcytosis with HbA2 > 3.5%
——/—- (all four a genes deleted)
No
<10 weeks
Yes, from 12 weeks

Microcephaly, heart defects, FGR, learning
disability

® RCOG Green-top Guideline No. 61. Management of Sickle Cell Disease in Pregnancy. 2011.

® RCOG Green-top Guideline No. 66. Management of Beta Thalassaemia in Pregnancy. 2014.

® NHS Sickle Cell and Thalassaemia Screening Programme; NHS Newborn Blood Spot Screening Programme — standards.
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