
Haemolytic diseases of the 
foetus and newborn

Prof Omondi-Ogutu

2020



Learning objectives

• To be able to define and understand the different types 
of HDFN

• To be able to differenciate the timing of onset of 
heamolysis in the types of HDFN

• understand the presentations in the different groups

• Understand the scientific basis of the diagnostic tests

• The different management approaches in the 2 groups

• Complications and prevention



Difination- HDFN

• Is a condition in which the lifespan of the fetal 
or newborn infants red cells is shortened by 
the action of maternal antibodies against 
antigens present on the infants red cells. 

• The most common routes of maternal 
sensitization are via blood transfusion or feto-
maternal hemorrhage.



Causes of HDFN

Major 

– ABO incompatibility

– Rhesus incompatibility

MINOR

– drugs

– Infections

– Prematurity

– Heavy metal poisoning



Common causes

Major 

– ABO incompatibility

– Rhesus incompatibility

MINOR

– drugs

– Infections

– Prematurity

– Heavy metal poisoning

Incidental

• Early pregnancy with no 
anti-D in Rh –Neg
mother, Ectopic 
pregnancy, abortion

• Transfusion of un 
matched blood (where 
correct group is not 
done)



“Other” Hemolytic Disease

• Uncommon, occurs in ~0.8% of pregnant 
women. 

• Immune alloantibodies usually due to anti-
E, -c,  -Kell, -Kidd or -Duffy.

• Anti-K
–disease ranges from mild to severe 
–over half of the cases are caused by 

multiple blood transfusions
– is the second most common form of 

severe HDN
• Anti-M very rare



historical

• A French midwife was the first to report 
hemolytic disease of the newborn (HDN) in a 
set of twins in 1609. 

• In 1932, Diamond and colleagues described 
the relationship among fetal hydrops, 
jaundice, anemia, and erythroblasts in the 
circulation, a condition later called 
erythroblastosis fetalis.



ABO haemolytic disease



DIFFERNTIAL DIAGNOSIS
• RBC enzyme disorders (e.g., G6PD, pyruvate 

kinase deficiency) -Hemoglobin synthesis 
disorders (e.g., alpha-thalassemias) 

• -RBC membrane abnormalities (e.g., hereditary 

spherocytosis, elliptocytosis) -Hemangiomas 

(Kasabach Merritt syndrome)

-Acquired conditions, such as sepsis, infections 

with TORCH or Parvovirus B19 (anemia due to 
RBC aplasia) and hemolysis secondary to drugs. 



defination

• ABO incompartibility occurs when the mother 
is blood group O positive and the New born is 
either A,B,AB positive . There is new borns 
blood destruction within 24 hrs of delivery



physiology

• The major blood types are: 

• A,-41%  B,- 9% O,-47% & AB,-3% (in Caucasians).

• The antigens types A & B occur on the surfaces of the 
red blood cells in a large proportion of human beings

• Types A & B cause strong agglutination on the cells

• The type O gene is either functionless or almost 
functionless.



physiology

• 20-25% of all infants have an ABO maternal 
blood group incompatibility

• But only in 5-10 % show signs of overt 
haemolysis.

• Mothers are usually blood group O, 

• The babies with group A are the most affected 

• Nearly ½ occur in the first born



pathogenesis

• Onset of haemolysis is within 24 hours after 
birth.

• There maybe a rapid rise in the bilirubin 
levels.

• Majority tend to be self limiting.

• Only in few cases will exchange transfusion be 
required.-1% 



Why not in utero

• Iso antibodies to A & B are IgM which does 
not cross the placenta

• Foetal erythrocytes have a diminished number 
of A & B antigenic sites



Clinical features

• Jaundice

• Foetal irritability

• Hepato-splenomegally

• Anaemia

• Kernicterus



diagnosis

• Mother gp O, with anti-A & B in her serum. Foetus is gp A, B, 
or AB.

• Onset of jaundice within first 24 hrs.

• Rapid increase in bilirubin levels in the baby leading to

• Anaemia, erythroblastosis, reticulocytosis

• Exclusion of other causes of haemolysis

• Indirect bilirubin levels tend to be negative.,



• Seen in primigravida

• Tend to recur in up to 30 % of cases.



management

This will depend on the clinical state 
of the baby

• Reassurance to the mother

• Phototherapy

• Exchange transfusion using blood gp O 
negative



Rhesus haemolytic disease



history

• 1892- Ballantyne established the criteria for 
diagnosis of hydrops fetalis

• 1940- Landsteiner & wiener, 

• 1941- Levine

confirmed that erythroblastosis was due to 
maternal issoimunisationwith paternal 
inherited foetal factors.

• 1961 Fin-UK. 1963 Freda-USA.    Development 
of the Ati-D  



introduction

• There are more than forty antigens in the Rh system 
including weak D (formerly called Du variant). 
Mothers typed as weak D appear to be Rh negative 
on blood screening. 

• The majority of mothers with weak D are Rh (D) 
positive. However, the presence of the C allele 
causes the D antigen to be weakly expressed  

– Mothers or infants typed as weak D are usually treated as 
Rh positive. 



Rh Hemolytic Disease

• Anti-D is the commonest form of severe 
HDN. The disease varies from mild to severe. 

• Anti-E is a mild disease 
• Anti-c can range from a mild to severe 

disease - is the third most common form of 
severe HDN 

• Anti-e - rare 
• Anti-C - rare 
• antibody combinations (ie anti-c and anti-E 

antibodies occurring together) - can be 
severe 



• The Rh alleles (D,Cc, Ee) are inherited as a 
complex of three loci .One set from each 
parent. 

• A person is Rh-positive if they possess the D 
allele and Rh negative if it is absent. 

• The hypothetical "d" allele has not been 
identified

http://cancerweb.ncl.ac.uk/cgi-bin/omd?query=allele&action=Search+OMD


investigations

• MCA Doppler studies can be started as early 
as 18 weeks' gestation but are not reliable 
after 35 weeks' gestation. 





Revolution in 1968



Pregnant mother





Vincenta Freda:: William Pollack



• The true genetic Du variant is an incomplete 
form of D antigen and may rarely become D 
immunized. 

• The rare occurrence of a D immunized true 
genetic Du mother may be sufficient reason to 
treat a weak D mother with RhIg when the 
nature of the Du variant is in doubt. 



epidemiology

• Chinese and Japanese 1%

• North American Indian and Inuit1  2%

• Indo-Eurasian 2%

• African American 4 - 8%

• Caucasian 15 - 16%

• Basque 30 - 35%

• KNH 4.5%

http://plasma.nationalgeographic.com/mapmachine/index.html?id=362&size=medium&left=-4.79&bottom=41.36&right=9.56&top=51.09


physiology

• Rhesus blood group is the most complex

Dd, Cc, Ee.

• > 400 other red cell antigens have been 
identified

• Racial factor .highest in the Basque 
community-34%. Lowest in the Chinese and 
Asians -1%.



pathogenesis

• Blood production in the fetus begins at about 
3 weeks' and Rh antigen has been identified 
in the red cell membrane bas early as 38 days 
after conception. 



The process



pathogenesis

• The initial response to D antigen is slow sometimes 
taking as long as 6 months to develop. 

• Re-exposure to the antigen produces a rapid 
immunological response usually measured in days. 

• The sensitized mother produces IgG anti-D 
(antibody) that crosses the placenta and coats D-
positive fetal red cells which are then destroyed in 
the foetal spleen.

. 



pathogenesis

• Severe haemolysis leads to red blood cell 
production by the spleen and liver. 

• Subsequently, hepatic circulatory obstruction 
(portal hypertension) with placental oedema 
interferes with placental perfusion and ascites 
develops.



pathogenesis

• Hepatomegaly, increased placental thickness, 
and polyhydramnios often precede the 
development of hydrops (foetal heart 
failure).

• As liver damage progresses decreased albumin 
production results in the development of 
anasarca, and effusions





• Overall, 16% of Rh-negative women will become 
sensitized after their first pregnancy if not given 
Rhogam.

• ABO incompatibility reduces this risk to 4-5%.
The reduced risk of Rh sensitization with ABO 
incompatibility may result from the rapid clearance 
of incompatible red cells thus reducing the overall 
exposure to D antigen. 



pathogenesis

• Mild to moderate hemolysis (red cell 
destruction) manifests as increased indirect 
bilirubin (red cell pigment). 

• Severe hemolysis leads to red blood cell 
production by the spleen and liver



causes

• Maternal transfusion with a positive blood 
group.

• Significant ante partum haemorrhage

• Foetal maternal transfusion





pathology

• The maternal red cells adsorb the fetal cells 
and crosses the placenta to exist as unbound 
and bound, thus acting as haemolysin. 
Causing accelerated rate of RBC destruction.

• Detected by the direct Coombs test



Immune hydrops

• Subcutaneous oedema with effusion into the 
serous cavities-hydrops fetalis.

• Oedematous placenta

• Fatty degeneration of the liver.

• In these sever cases death tends to occur in 
utero.



Hydrops foetalis



Vaccinated vs not vaccinated 



Took too long!



Journey by Freda







First Rh vaccine baby



The babies



Marianne Cummins



1st vaccinated Patient 1968 and the Dr





The paediatrician



The Rh burden



What is our role



What to consider in use of Anti-D









Anti-D

• Give within 72 hours ideally

• Usually 300ug, but in delivery upto 500ug 
recommended

• Give in large foetal maternal bleed. Do klei Huer test

• Need in abortions, ectopic gestation is debatable.

• When in doubt give it.

• Regime, give at 28 weeks and at delivery if not 
sensitized  





Mechanism of action of Anti-D























management

• The following information is important

Past obstetric history

Gestational age

Maternal antibody levels

Analysis of amniotic fluid by 
spectrophotometry

Paternal blood group and antigen status

Any other pregnancy complications  



Phototherapy

Fluorescent blue light in the 

420-475 nm range



Foetal transfusion

• Intraperitoneal transfusion improves the 
foetal survival.-1988

• Intravascular transfusion is better-1981



Laboratory findings



MCA in predicting Anaemia



ICT

• Critical titre is 1:16

• Previous done using amniotic fluid

• Now done by sonographically directed foetal 
blood sampling 



Other managements

• Use of steroids?

• Plasmapheresis?

• Promethazine in large doses?

• D- erythrocyte membrane in enteric coated 
capsules?



Lileys curve

• Foetuses affected by haemolytic disease 
secrete abnormally high levels of bilirubin into 
the amniotic fluid. 

• The amount of bilirubin can be quantitated by 
spectrophotometrically measuring absorbance 
at the 450-nm wavelength in a specimen of 
amniotic fluid that has been shielded from 
light 

http://cancerweb.ncl.ac.uk/cgi-bin/omd?query=bilirubin&action=Search+OMD


Liley curve

• If amniocentesis is used to monitor the foetus, 
the results (delta 450) are plotted on a "Liley" 
curve. 



Liley curve

The Liley curve is divided into three zones. 

• A result in Zone I indicates mild or no disease. 
Fetuses in zone I are usually followed with 
amniocentesis every 3 weeks. 

• A result in zone II indicates intermediate disease. 
Fetuses in low Zone II are usually followed by 
amniocentesis every 1-2 weeks. 

• A result above the middle of Zone II may require 
transfusion or delivery 



The Liley Curve



Calculating KB test

cellsfetalof%100
)2000(cellstotal

cellsfetal#
x

30

50 x cells fetal %
  RhIg of dose Required 

Step 1)  stain and count the amount of 

fetal cells out of 1000 total cells counted

Step 2)  calculate the amount of fetal 

blood in cirulation by multiplying %fetal 

cells by 50 mL

Step 3)  divide mL of fetal blood by 30 

(each vial protects against a 30 mL bleed

Step 4)  Round the calculated dose up 

and add one more vial for safety









prevention

• All pregnant women to have blood group 
done and if Rh negative do ICT

• Early prediction of haemolysis

• Need for active management, preterm 
delivery, in utero transfusion.

• Use of Anti-D



recap
• List the classifications of Hemolytic Disease of the 

Newborn and the most antibody specificities 
involved.

• State the testing to perform on the mother to 
monitor the severity of HDN.

• List the laboratory tests and values which indicate 
that an infant is affected by HDN both in the fetus 
and newborn.

• State the treatment options for intrauterine 
treatment of HDN.

• State the treatment options for HDN in the 
moderately and severely affected newborn.

• State the requirements of blood to be used for 
transfusion of the fetus and newborn.






