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Preface
This	neonatal	haematology	guide	aims	to	fill	a	gap	in	an	important,	but	often	poorly	understood,	area	of
diagnostic	haematology	by	focusing	particularly	on	common	blood	problems	in	this	unique	group	of
patients,	although	not	neglecting	the	rarities	that	can	also	be	important.	We	specifically	chose	to	use	a
textatlas	format	because	the	starting	point	for	so	many	haematological	problems	in	neonates	is	the
information	to	be	found	through	careful	evaluation	of	a	blood	film	in	conjunction	with	an	automated	blood
count.	Given	that	many	neonates	with	haematological	abnormalities	weigh	less	than	1000	g	at	birth	and
have	an	estimated	blood	volume	at	birth	of	40–80	ml	with	very	precarious	vascular	access,	there	is	huge
practical	value	in	being	able	to	extract	the	maximum	amount	of	diagnostic	information	from	a	single	drop
of	blood.

The	book	has	been	organised	into	four	chapters	based	on	the	most	frequently	occurring	clinical	problems:
interpretation	of	normal	results	and	blood	film	appearances	(Chapter	1);	anaemias	and	haematological
causes	of	jaundice	(Chapter	2);	diagnosis	of	systemic	disorders,	such	as	infection,	and	less	common
leucocyte	disorders,	such	as	leukaemia	and	storage	disorders	(Chapter	3);	and	disorders	of	coagulation
and	thrombosis,	including	common	causes	of	thrombocytopenia	and	their	investigation	(Chapter	4).	We
hope	that	this	handbook	will	be	a	core	resource	for	haematologists	on	call	in	any	hospital	with	a	maternity
unit	who	may	not	be	neonatal	experts,	and	that	it	will	act	as	a	core	text	for	neonatal	and	paediatric
haematologists.	It	is	very	much	aimed	to	be	a	practical	resource,	based	on	reallife	experience	of
neonatal	haematology	in	large	teaching	hospitals	and	contains	algorithms,	tables	and	illustrative	cases
with	full	colour	images.	While	the	focus	is	on	common	problems,	we	also	describe	when	to	look	for,	and
how	to	spot,	rare	haematological	disorders	presenting	in	the	neonatal	period.

Almost	all	the	images	and	cases	described	in	this	book	derive	from	more	than	25	years’	experience	as	a
‘neonatal	haematologist’,	which	involved	daily	examination	of	blood	films	from	neonates	in	a	number	of
neonatal	intensive	care	units	and	special	care	baby	units	and	daily	conversations	with	the	clinical	teams
responsible	for	their	care.	This	was	only	possible	with	the	support,	openmindedness	and	enthusiasm	of
the	neonatalogists	on	the	one	hand	and	the	dedication	and	rigour	of	the	highly	skilled	biomedical	scientists
of	the	diagnostic	haematology	labs	on	the	other.	Particular	thanks	go	to	David	Roper,	Andrew	Osei
Bimpong	and	the	late	Corinne	Jury	of	the	Hammersmith	and	Queen	Charlotte’s	Hospitals	Haematology
Laboratories,	who	made	possible	the	delivery	of	a	daily	‘baby	films’	service	in	the	face	of	increasing
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1
The	full	blood	count	and	blood	film	in	healthy	term	and
preterm	neonates

Introduction
Haemopoiesis	is	the	process	that	ensures	lifelong	production	of	haemopoietic	cells.	 In	newborn	infants
the	process	has	many	distinct	features	that	differ	from	those	in	older	children	and	adults.	These
differences	reflect	both	the	ontogeny	of	haemopoiesis	during	fetal	development	and	the	unique	interaction
between	the	fetus	and	mother,	as	well	as	the	effects	of	birth	itself.	The	sequential	changes	in	the	sites	and
regulation	of	haemopoiesis	during	development	also	help	to	explain	the	natural	history	of	many	neonatal
haematological	problems.

Brief	outline	of	the	ontogeny	of	haemopoiesis
Haemopoiesis	in	humans	begins	in	the	yolk	sac	between	2	and	3	weeks	postconception	( Fig.	1.1).1,2
This	is	known	as	primitive	haemopoiesis.	Studies	in	other	species,	particularly	in	mice,	indicate	that	the
predominant	cell	types	produced	in	the	yolk	sac	are	erythroid	cells	and	macrophages.2,3	While
megakaryocytes	and	lymphoid	cells	may	also	be	yolk	sacderived,	the	current	consensus	of	opinion	is
that	true,	longlived	haemopoietic	stem	cells	(HSC)	arise	from	a	region	of	specialised	endothelium
(‘haemogenic’	endothelium),	which	is	localised	to	the	ventral	wall	of	the	dorsal	aorta	in	a	region	known
as	the	aortogonadomesonephros	(AGM). 4–6	In	humans,	haemopoiesis	begins	in	the	AGM	at	around	5
weeks	postconception	and	is	known	as	definitive	haemopoiesis. 6–8	Haemopoiesis	in	the	aortic	wall	is
only	transient,	presumably	because	this	region	lacks	the	necessary	physical	space	and	specialised
microenvironment	to	support	expansion	and	differentiation	of	the	HSC	and	progenitor	populations
required	to	meet	the	needs	of	the	growing	fetus.

By	6	weeks	postconception,	HSC	and	progenitor	cells	have	migrated	to	the	fetal	liver, 8,9	which	remains
the	main	site	of	blood	cell	production	throughout	fetal	life10,11	and	AGM	haemopoiesis	ceases.	The	first
signs	of	haemopoiesis	in	the	bone	marrow	are	evident	from	around	11	weeks	postconception. 8,12

Although	fetal	bone	marrow	is	able	to	give	rise	to	cells	of	all	lineages,	it	is	becoming	clear	that	the
predominant	cell	types	produced	in	the	bone	marrow	are	B	lymphocytes	and	their	progenitor	cells
together	with	granulocytes,	monocytes	and	their	progenitors.	Although	erythropoiesis	and
megakaryopoiesis	take	place	in	the	fetal	bone	marrow	from	the	end	of	the	first	trimester,	most	red	blood
cell	and	megakaryocyte	production	takes	place	in	the	fetal	liver	until	shortly	before	term.8	Thus,	for
preterm	infants,	the	liver	is	the	main	haemopoietic	organ	at	and	shortly	after	birth;	this	is	likely	to	be	a
contributory	factor	in	a	number	of	disorders,	including	the	haematological	abnormalities	seen	in	neonates
with	Down	syndrome	(see	pages	154–160	and	206).



Fig.	 1.1	 Ontogeny	 of	 human	 haemopoiesis	 in	 embryonic	 and	 fetal	 life.	 AGM,	 aortogonado
mesonephros;	pcw,	postconceptional	week.	 Based	on	references	1	and	2.

Properties	of	fetal	haemopoietic	stem	and	progenitor	cells
Major	advances	in	the	immunological	and	molecular	tools	available	to	analyse	haemopoietic	stem	and
progenitor	cells	have	allowed	us	to	build	up	a	much	clearer	picture	of	the	process	of	haemopoiesis	in
fetal	life	and	how	this	differs	from	adult	life.	Fetal	HSC,	like	adult	HSC,	are	the	cells	at	the	top	of	the
haemopoietic	hierarchy	(Fig.	1.2).	When	HSC	divide,	they	do	so	either	through	a	process	of	‘self
renewal’,	where	they	generate	more	HSC	(sometimes	referred	to	‘symmetric	cell	division’),	or	through
asymmetric	division	during	which	one	of	the	two	daughter	cells	differentiates	into	progenitor	cells,	which
in	turn	generate	the	mature	cells	of	all	the	haemopoietic	lineages	(Fig.	1.2).9

Fetal	haemopoietic	stem	cells
Studies	in	mice,	and	more	recently	in	humans,	indicate	that	fetal	HSC	are	markedly	different	from	those	in
adult	bone	marrow.913–16	Elucidating	the	nature	of	the	differences	between	fetal	and	adult	HSC,	and	the
molecular	mechanisms	that	underpin	these	differences,	is	likely	to	help	our	understanding	of	many	of	the
haematological	problems	that	affect	neonates	and	potentially	open	up	new	approaches	to	treatment.	For
example,	the	need	for	rapid	expansion	of	haemopoietic	cells	to	meet	the	needs	of	the	growing	fetus	means
that	the	numbers	of	fetal	HSC	have	to	increase	more	rapidly	than	at	any	other	time	of	life.	Furthermore,
since	HSC	are	responsible	for	lifelong	haemopoiesis,	this	process	of	HSC	expansion	needs	to	be
precisely	regulated	to	prevent	either	uncontrolled	proliferation	(and	the	risk	of	haematological



malignancy)	on	the	one	hand	or	HSC	‘exhaustion’	(and	the	risk	of	bone	marrow	failure)	on	the	other.
These	properties	are	thought	to	underlie	the	particular	prevalence	of	certain	haematological	diseases	in
fetal	and	neonatal	life,	including	Diamond–Blackfan	anaemia	and	juvenile	myelomonocytic	leukaemia.17

Fig.	1.2	A	 simplified	 scheme	of	 the	 fetal	haemopoietic	 stem	and	progenitor	 cell	hierarchy	 showing	 the
differentiation	of	multipotent	and	committed	progenitor	cells	from	haemopoietic	stem	cells.	Details	of	the
fetalspecific	pathway	of	B	lineage	progenitor	differentiation	are	shown	in	 Fig.	1.3.	Based	on	reference
9.

There	are	differences	both	in	the	intrinsic	properties	of	the	HSC	and	in	the	regulatory	signals	produced	by
the	haemopoietic	microenvironment	during	fetal	life.16	One	of	the	characteristic	intrinsic	differences	in
fetal	HSC	is	the	increased	proportion	of	HSC	that	are	actively	cycling	and	undergoing	a	process	of	‘self
renewal’	that	results	in	expansion	of	the	pool	of	longlived	HSC	in	fetal	life. 18	This	behaviour	of	fetal
HSC	contrasts	dramatically	with	adult	HSC	which	are	largely	quiescent	cells	that	enter	the	cell	cycle
infrequently.9,16,18	The	amplification	in	fetal	HSC	numbers	probably	takes	place	mainly	in	fetal	liver
rather	than	in	the	bone	marrow,16,19	which	may	explain	why	so	many	haematological	disorders	in	neonates
are	accompanied	by	hepatomegaly.	A	second	characteristic	of	fetal	HSC	is	that	they	are	primed	to	give
rise	to	a	higher	proportion	of	erythroid	and	megakaryocytic	progenitors	compared	with	adult	HSC,
reflecting	the	requirement	of	the	fetus	for	large	numbers	of	red	blood	cells	and	the	importance	of	adequate
numbers	of	platelets	to	maintain	vascular	integrity.9,17	Finally,	fetal	HSC	exhibit	different	sensitivity	to



and	dependence	upon	haemopoietic	growth	factors,	such	as	insulinlike	growth	factors,	compared	with
adult	cells20,21	and	a	different	pattern	of	mature	cell	output.9,16,18	Reflecting	this,	fetal	HSC	also	have
unique	gene	expression	programmes,1315–17,22–26	which	have	recently	been	shown	to	be	important	in	the
leukaemic	transformation	events	that	lead	to	infant	acute	lymphoblastic	leukaemia	(ALL).27

Fetal	haemopoietic	progenitor	cells
The	different	types	of	haemopoietic	progenitor	cell	present	in	fetal	life	are	shown	in	Figs	1.2	and	1.3.	The
overall	scheme	of	differentiation	of	HSC	is	similar	in	fetal	and	adult	life.	However,	recent	studies	have
identified	fetalspecific	lymphoid	progenitors,	including	early	lymphoid	progenitors	(ELP)	and	PreProB
progenitors	that	may	be	important	not	only	to	rapidly	boost	B	cell	production	during	the	second	trimester,
but	also	to	act	as	targets	of	leukaemic	transformation	in	infant	and	childhood	ALL.927–29	ELP	are	found
very	early	in	fetal	life	(from	around	6	weeks	postconception	in	the	fetal	liver	and	from	around	11	weeks
postconception	in	bone	marrow)	but	are	very	rare	in	adult	haemopoietic	tissues. 29	They	are	defined
both	by	their	immunophenotype	(CD34+CD127+CD19−CD10−)	and	their	ability	to	generate	B,	T	and	NK
cells	as	well	as	a	small	number	of	myeloid	cells.8,29	PreProB	progenitors	are	one	of	two	types	of
committed	B	progenitor	cell	in	fetal	life;	they	lack	expression	of	the	CD10	molecule	and,	like	ELP,	are
very	rare	in	adult	bone	marrow.	By	contrast,	the	second	type	of	B	progenitor,	the	ProB	progenitor,	is
CD10+	and	is	the	main,	or	sole,	type	of	B	progenitor	found	in	adult	bone	marrow.29	It	is	likely	that	ProB
progenitors	lie	downstream	of	PreProB	in	B	lymphoid	differentiation	and,	consistent	with	this,	they	have
been	shown	to	have	undergone	complete	VHDHJH	rearrangement	of	their	immunoglobulin	heavy	chain
(IgH)	loci,	in	contrast	to	ELP	and	PreProB	progenitors,	which	show	only	partial	(DHJH)	IgH
rearrangement.8	The	reasons	for	the	existence	of	two	types	of	B	progenitor	and	a	unique	ELP	cell	in	fetal
life	are	unknown	but	it	suggests	that	there	are	two	pathways	of	fetal	B	cell	production	which	may	have
different	physiological	roles.

Fig.	1.3	Immunophenotypically	defined	progenitor	populations	along	the	B	cell	differentiation	trajectory
in	the	human	fetus.	The	cell	surface	markers	used	to	define	these	populations	are	shown	below	each	cell
type.	Based	on	reference	9.

Red	blood	cell	production	and	development	in	the	fetus	and
neonate



Normal	erythropoiesis,	the	production	of	red	blood	cells,	is	crucial	to	early	embryonic	and	fetal
development.	Most	of	our	knowledge	about	the	cells	and	genes	involved	in	this	process	derives	either
from	mouse	models	or	from	inherited	anaemias,	particularly	in	children.	Almost	all	the	characteristic
features	of	red	blood	cells	are	different	in	the	fetus	and	the	newborn	compared	with	their	adult
counterparts.	These	differences	are	even	greater	in	preterm	neonates	and	are	directly	relevant	to	our
understanding	of	neonatal	anaemias.	The	differences	in	erythropoiesis	during	fetal	development	are
summarised	in	Table	1.1	and	those	that	are	important	for	our	understanding	of	neonatal	anaemias	are
discussed	below.

Table	1.1	Features	of	fetal	and	neonatal	red	cells	compared	with	adult	red	cells

Haemoglobin	production Embryonic	haemoglobins	(globin	chains)
 Gower	1	(ζ2ε2)
 Gower	2	(α2ε2)
 Portland	(ζ2γ2)
Fetal	haemoglobin	(globin	chains)
 Fetal	haemoglobin	(α2γ2)
Adult	haemoglobins	(globin	chains)
 Haemoglobin	A	(α2β2)	lower
 Haemoglobin	A2	(α2δ2)	considerably	lower

Red	cell	membrane Gives	resistance	to	osmotic	lysis
Altered	expression	of	receptors	(e.g.	insulin)
Increased	lipid	content	and	altered	phospholipid	profile
More	prone	to	oxidative	damage
Altered	glucose	transport
Weak	expression	of	A,	B	and	I	blood	group	antigens
Increased	variation	in	red	cell	shape	(poikilocytosis)
Red	cell	‘pocks’	due	to	hyposplenism

Red	cell	metabolism Glycolytic	pathway
 Increased	glucose	consumption
 Altered	enzyme	levels,	e.g.	low	2,3DPG	and	PFK
Pentose	phosphate	pathway
 Increased	susceptibility	to	oxidantinduced	injury
 Lower	level	of	glutathione	peroxidase
 Reduced	ability	to	generate	NADPH

2,3DPG,	2,3diphosphoglycerate;	NADPH,	nicotinamide	adenine	dinucleotide	phosphate;	PFK,	phosphofructokinase.

Erythropoietin	production	in	the	fetus	and	neonate
The	principal	cytokine	responsible	for	regulating	erythropoiesis	in	the	fetus	and	newborn,	as	in	adults,	is
erythropoietin	(EPO).30	Since	EPO	does	not	cross	the	placenta,	EPOmediated	regulation	of	fetal
erythropoiesis	is	predominantly	under	fetal	control.	The	liver	is	the	main	site	of	EPO	production	in	the
fetus31	and	the	only	stimulus	to	production	under	physiological	conditions	is	hypoxia	with	or	without
anaemia	(reviewed	in	reference	32).	Little	or	no	EPO	is	produced	under	normoxic	conditions,	but
hypoxia	very	rapidly	triggers	expression	by	up	to	200fold	within	30	minutes,	at	least	in	hepatocyte	cell
lines.33	This	explains	the	high	EPO	levels	in	fetuses	of	mothers	with	diabetes	mellitus	or	hypertension	and



in	those	with	intrauterine	growth	restriction	(IUGR)	or	cyanotic	congenital	heart	disease;34	EPO	is	also
increased	in	fetal	anaemia	of	any	cause,	including	haemolytic	disease	of	the	fetus	and	newborn	(HDFN).
This,	and	the	switch	of	EPO	production	from	fetal	liver	to	the	neonatal	kidney,	may	in	part	explain	the
physiological	delay	in	triggering	the	production	of	new	red	blood	cells,	which	is	often	not	evident	until
the	second	month	of	life,	even	in	healthy	babies.

Haemoglobin	synthesis	and	red	blood	cell	production	in	the	fetus	and
newborn
The	rates	of	haemoglobin	synthesis	and	red	blood	cell	production	fall	dramatically	immediately	after
birth	and	remain	low	for	the	first	2	weeks	of	life,	probably	in	response	to	the	sudden	increase	in	tissue
oxygenation	at	birth.35	In	healthy	neonates	the	physiological	rise	in	red	cell	production	starts	several
weeks	later,	so	that	by	3	months	of	age	a	healthy	infant,	whatever	the	period	of	gestation	at	birth,	should
be	able	to	produce	up	to	2	ml	of	packed	red	blood	cells	every	day.35	Studies	in	preterm	neonates	have
estimated	that	over	the	first	2	months	of	life	the	maximal	rate	of	red	blood	cell	production	may	be	closer
to	1	ml/day.	This	is	based	on	the	observation	that	preterm	babies	receiving	therapeutic	EPO	are	unable	to
maintain	their	haemoglobin	if	more	than	1	ml	of	blood	per	day	is	venesected	for	diagnostic	purposes	but
can	do	so	where	sampling	losses	are	less	than	this.36

The	gestationrelated	changes	in	globin	chain	synthesis	in	the	human	embryo,	fetus	and	neonate	have
been	studied	in	detail	and	are	summarised	in	Fig.	1.4.37	The	first	haemoglobins,	known	as	embryonic
haemoglobins,	are	synthesised	from	approximately	2	or	3	weeks	postconception,	predominantly	in	the
blood	islands	of	the	yolk	sac,	by	the	erythroblasts	and	red	blood	cells	generated	there.	There	are	three
embryonic	haemoglobins	(see	Table	1.1).	ζ	or	α	globin,	encoded	by	adjacent	genes	in	the	α	globin	locus
on	chromosome	16,	combine	with	ε	or	γ	globin,	encoded	by	genes	in	the	β	globin	locus	on	chromosome
11,	to	produce	haemoglobin	Gower	1	(ζ2ε2),	haemoglobin	Gower	2	(α2ε2)	and	haemoglobin	Portland
(ζ2γ2).

During	normal	human	development,	synthesis	of	embryonic	haemoglobins	is	transient	and	largely
restricted	to	yolk	sacderived	erythroblasts	which	are	larger	than	those	generated	once	definitive
haemopoiesis	starts	in	the	AGM	and	fetal	liver	(Figs	1.5	and	1.6)	and	express	different	transcription
factor	and	epigenetic	programmes.	From	4	or	5	weeks	postconception,	erythroblasts	and	red	blood	cells
contain	mainly	haemoglobin	F	(α2γ2),	which	remains	the	principal	haemoglobin	throughout	fetal	life.	The
factors	that	control	the	switch	from	primitive	to	definitive	erythropoiesis	are	not	yet	clear	due	to	the
difficulties	in	studying	this	process	at	such	an	early	stage	of	development.	Understanding	more	about	the
mechanisms	which	normally	silence	expression	of	ζ	globin	would	potentially	open	up	new	ways	of
treating	α	thalassaemia	major,38	an	important	cause	of	fetal	and	early	neonatal	death	(see	Chapter	2).



Fig.	1.4	Diagrammatic	representation	of	the	sites	and	rates	of	synthesis	of	different	haemoglobins	in	the
embryonic	and	fetal	periods	and	during	infancy.

From	Bain	(2020)37.



Fig.	1.5	First	 trimester	 (8	weeks)	fetal	blood	film	showing	 the	 large	size	of	 the	erythroblasts	 (compare
with	Fig.	1.6)	typical	of	those	derived	from	the	yolk	sac.	These	erythroblasts	contain	mainly	embryonic
globins.	Note	 the	high	proportion	of	 red	cells	 that	 are	nucleated	and	 the	absence	of	white	blood	cells.
May–Grünwald–Giemsa	(MGG),	×40	objective.



Fig.	 1.6	 Second	 trimester	 (14	 weeks)	 fetal	 blood	 film	 showing	 typical	 erythroblasts	 derived	 from
definitive	haematopoiesis.	These	erythroblasts	contain	mainly	fetal	haemoglobin.	Note	the	smaller	size	of
the	erythroblasts	and	the	higher	proportion	of	enucleated	red	cells	compared	with	the	first	trimester	(Fig.
1.5).	MGG,	×40.

The	production	of	adult	haemoglobin	(haemoglobin	A;	α2β2)	begins	during	the	second	trimester	and
remains	at	low	levels	until	30–32	weeks	postconception,	when	haemoglobin	A	production	starts	to
increase	concomitantly	with	a	fall	in	haemoglobin	F	production.	The	net	result	is	an	average	haemoglobin
F	in	term	babies	of	70–80%	and	haemoglobin	A	of	25–30%.39,40	After	birth,	haemoglobin	F	falls,	to
approximately	2%	by	the	age	of	12	months,	with	a	corresponding	increase	in	haemoglobin	A.	The
molecular	control	of	this	change	from	haemoglobin	F	to	haemoglobin	A	is	termed	globin	switching.	In
recent	years,	there	has	been	considerable	research	into	the	genes	involved	in	globin	switching	(e.g.
BCL11A)	in	order	to	identify	strategies	to	delay	or	reverse	this	physiological	switch	after	birth	and	so
maintain	haemoglobin	F	production	for	children	affected	by	severe	β	globin	disorders	such	as	sickle	cell
disease	or	thalassaemia	major.41,42

The	timing	of	globin	switching	depends	on	postconceptional	age	rather	than	postnatal	age.	 In	fact,	in
term	babies	there	is	little	change	in	haemoglobin	F	in	the	first	15	days	after	birth,	but	in	preterm	babies
who	are	not	transfused,	haemoglobin	F	may	remain	at	the	same	level	for	the	first	6	weeks	of	life	before
haemoglobin	A	production	starts	to	increase.	This	delay	in	haemoglobin	A	production	(i.e.	the	switch



from	γ	globin	production	to	β	globin	production)	can	make	the	diagnosis	of	β	globin	disorders	in	the
neonatal	period	difficult,	particularly	in	preterm	infants.	This	is	in	contrast	to	α	globin	disorders,	which
are	almost	invariably	evident	at	birth	since	α	globin	chains	are	essential	for	the	production	of	all	but	the
very	earliest	embryonic	haemoglobins	(see	Fig.	1.4	and	Table	1.1).

Red	blood	cell	lifespan	and	the	red	blood	cell	membrane	in	the	fetus	and
neonate
Neonatal	red	blood	cells,	particularly	in	preterm	babies,	have	a	shorter	lifespan	than	adult	red	blood
cells.	Red	cell	lifespan	is	inversely	proportional	to	gestational	age	at	birth.	Studies	over	50	years	ago
using	isotopically	labelled	red	blood	cells	estimated	red	blood	cell	lifespans	for	preterm	infants	at	35–50
days,	compared	with	60–70	days	for	term	infants	and	120	days	for	healthy	adults.35	More	recent
estimates,	using	mathematical	modelling	and	transfusion	of	autologous	cord	blood	cells,	have	also
calculated	the	red	cell	lifespan	in	preterm	neonates	to	be	approximately	50	days.43

The	reasons	for	a	lower	red	cell	lifespan	in	neonates,	although	not	fully	understood,	are	thought	to	include
the	many	biochemical	and	functional	differences	in	the	membrane	of	neonatal	versus	adult	red	blood	cells
(see	Table	1.1).	Known	differences	between	neonatal	and	adult	red	blood	cells	include	increased
resistance	to	osmotic	lysis,	increased	mechanical	fragility,	increased	total	lipid	content	with	an	altered
lipid	profile,	increased	insulinbinding	sites	and	reduced	expression	of	blood	group	antigens	such	as	A,
B	and	I.35	Together	these	differences	translate	into	the	characteristic	morphological	differences	seen	in
neonatal	blood	films,	particularly	in	preterm	neonates	(Figs	1.7–1.9),	and	are	associated	with	accelerated
red	cell	membrane	loss44	leading	to	reduced	red	cell	lifespan.	Indeed,	the	distinctive	geometry	of	neonatal
red	blood	cells	and	the	membrane	deformability	of	some	of	the	irregularly	shaped	cells	have	been
compared	to	the	properties	of	red	blood	cells	in	the	inherited	red	cell	membrane	disorders.45



Fig.	1.7	Normal	blood	film	at	term.	MGG,	×40.



Fig.	 1.8	 Normal	 preterm	 red	 cells	 at	 different	 gestational	 ages:	 (a)	 baby	 born	 at	 28	weeks’	 gestation
showing	echinocytes,	polychromatic	macrocytes	and	one	nucleated	red	blood	cell	(NRBC);	(b)	baby	born
at	25	weeks’	gestation	showing	numerous	echinocytes,	echinocytic	 fragments	and	one	NRBC.	Note	 that
anisocytosis	and	poikilocytosis	is	greater	at	25	weeks	than	at	28	weeks.	MGG,	×100.



Fig.	 1.9	 Blood	 film	 of	 a	 normal	 preterm	 baby	 (born	 at	 28	 weeks’	 gestation)	 showing	 a	 degree	 of
erythroblastosis.	MGG,	×40.

Red	blood	cell	metabolism	in	the	fetus	and	neonate
There	are	major	differences	between	the	metabolism	of	fetal	or	neonatal	red	blood	cells	and	that	of	adult
red	blood	cells.	These	differences	affect	not	only	the	functional	properties	of	the	red	cells	of	healthy
fetuses	and	neonates	but	also	the	clinical	impact	of	inherited	and	acquired	red	cell	disorders.	Both	the
glycolytic	pathway	and	the	pentose	phosphate	pathway	are	affected	(see	Table	1.1).	Overall,	glycolysis
and	glucose	consumption	are	lower	in	neonatal	red	blood	cells	than	in	adult	red	blood	cells.	This	occurs
despite	the	increased	activity	of	most	glycolytic	pathway	enzymes,	such	as	glucose6phosphate
dehydrogenase	(G6PD),	pyruvate	kinase	and	lactate	dehydrogenase	(LDH),	and	is	thought	to	be	the	result
of	reduced	phosphofructokinase	activity.	Neonatal	red	cells	also	have	less	ability	to	generate	the	reduced
form	of	nicotinamide	adenine	dinucleotide	phosphate	(NADPH)	via	the	pentose	phosphate	pathway	and
have	lower	levels	of	glutathione	peroxidase	than	adult	red	blood	cells.	The	net	result	is	that	neonatal	red
blood	cells	are	more	susceptible	than	adult	cells	to	oxidantinduced	injury. 46

In	addition,	neonatal	red	blood	cells	have	a	lower	level	of	methaemoglobin	reductase	(about	60%	of	that
in	adult	red	blood	cells).	Methaemoglobin	levels	are	therefore	slightly	higher	in	neonates	than	in	adults
(mean	4.3	g/l	in	preterm	neonates,	2.2	g/l	in	term	neonates	and	1.1	g/l	in	adults).35	Neonates	are	also	more



likely	to	develop	methaemoglobinaemia	because	they	are	susceptible	to	the	toxic	effects	of	chemicals,
such	as	nitric	oxide	and	local	anaesthetics,	that	oxidise	haemoglobinderived	iron	more	rapidly	than	the
maximal	possible	rate	of	methaemoglobin	reduction	(see	Chapter	2,	Case	2.7).

Iron	metabolism	in	the	fetus	and	neonate
Although	stores	of	iron	are	adequate	at	birth	in	term	babies	born	to	wellnourished	mothers,	this	is	not
always	the	case	in	preterm	neonates.	This	is	because	the	majority	of	fetal	total	body	iron	is	stored	during
the	third	trimester.	Estimates	have	shown	that	total	body	iron	increases	from	35–40	mg	at	24	weeks’
gestation	to	225	mg	at	term,	with	the	result	that	preterm	neonates,	especially	those	with	IUGR,	are	born
with	lower	iron	stores	than	term	neonates.47,48	These	amounts	of	iron	are	equivalent	to	6	months	iron	store
for	a	term	neonate49	but	only	around	2	months	for	extremely	preterm	neonates	unless	they	are	given
supplementary	iron.	In	addition,	preterm	neonates	have	an	increased	requirement	for	iron	both	because	of
their	rapid	growth	rate	and	because	of	frequent	phlebotomy.50,51	Therefore,	preterm	neonates	generally
develop	iron	deficiency	after	2–4	months	if	the	recommended	daily	intakes	are	not	maintained.52
Administration	of	iron	supplements	to	preterm	babies	leads	to	a	slightly	higher	haemoglobin	concentration
(Hb)	and	improved	iron	stores,	thereby	reducing	the	risk	of	subsequent	iron	deficiency	anaemia.53	The
recommended	iron	intake	of	preterm	infants	with	a	birthweight	of	1500–2000	g	is	2	mg/kg/day	from	2	to	4
weeks	of	life	using	ironcontaining	human	milk	fortifier	or	preterm	formula	milk	and/or	iron	supplements
until	at	least	6	months	of	age.54	For	very	low	birthweight	neonates,	a	higher	daily	iron	intake	(2–3
mg/kg/day)	is	usually	recommended,	starting	at	2	weeks	of	age.54

The	regulation	of	iron	status	in	the	neonate,	even	in	those	who	are	born	extremely	preterm,	has	recently
been	shown	to	depend	on	the	action	of	hepcidin,	erythroferrone	(ERFE),	ferroportin	and	EPO,	as	in
adults.55,56	Thus,	hepcidin	falls	when	iron	deficiency	develops,	facilitating	increased	iron	absorption,
while	hepcidin	is	upregulated	when	iron	stores	are	sufficient,	triggering	degradation	of	the	iron	exporter
ferroportin,	which	results	in	inhibition	of	iron	absorption	and	mobilisation.57	Like	serum	ferritin,	hepcidin
levels	increase	with	gestational	age	and	in	parallel	with	the	increasing	iron	stores.58	Hepcidin	and	pro
hepcidin	levels	in	term	and	preterm	infants	vary	in	response	to	inflammation,	infection	and	red	blood	cell
transfusion.59–61	ERFE,	an	erythroid	hormone,	acts	as	a	direct	suppressor	of	hepcidin	expression	in	the
liver	in	response	to	EPO.	Little	is	known	about	the	role	of	ERFE	in	regulating	iron	metabolism	in
neonates	but	some	preliminary	data	suggest	that	although	the	components	of	the	EPO–ERFE–hepcidin–
ferroportin	axis	are	present	in	neonates,55	ERFEmediated	suppression	of	hepcidin	is	impaired,	at	least
in	preterm	neonates.62

Normal	values	for	red	blood	cell	parameters	in	the	fetus	and	neonate

Haemoglobin	concentration	and	red	blood	cell	indices

Typical	normal	values	for	red	cell	variables	in	the	fetus	and	neonate	are	shown	in	Tables	1.2	and	1.3.63–68
At	birth,	the	Hb	in	term	infants	is	high	(140–215	g/l),	which	compensates	for	the	low	oxygen
concentration	in	the	fetus.	The	range	of	normal	values	for	Hb	and	haematocrit	have	been	updated	to	reflect
the	changes	in	neonatal	medicine,	including	the	lower	limit	of	gestation	of	neonates	admitted	for	neonatal
intensive	care.	Jopling	et	al.	published	the	results	of	a	retrospective	study	of	archived	laboratory
measurements	of	Hb	and	haematocrit	from	approximately	25	000	neonates	analysed	on	the	same
equipment	in	a	single	group	of	hospitals	between	2002	and	2008.69	They	found	an	approximately	linear
increase	in	both	Hb	and	haematocrit	between	22	weeks’	and	40	weeks’	gestation	calculated	from	samples



collected	within	6	hours	of	birth.	In	contrast	to	adults,	no	differences	in	Hb	or	haematocrit	were	seen
between	male	and	female	neonates.

Table	1.2	Impact	of	gestational	age	at	birth	on	the	principal	blood	count	parameters	in	healthy	neonates*

Gestation	at	birth Term	(≥37	weeks) 30–36	weeks 26–29	weeks <26	weeks
Erythropoiesis
Hb	(g/l) 140–215 130–215 115–200 115–185
Hct	(l/l) 0.43–0.65 0.40–0.42 0.30–0.58 0.30–0.57
MCV	(fl) 98–115 100–117 103–130 104–133
MCH	(pg) 32.5–39 33.5–40.5 33.5–43 34.5–44.5
NRBC
/100	WBC ≤5 ≤25 ≤25 ≤25
×109/l <1.0 1.0–2.0 2.0–3.0 2.0–3.0
Leucocytes	(×10	9	/l)
Neutrophils
0–72	hours 3.0–28.0 1.0–25.0 1.0–25.0 1.0–25.0
72–240	hours 2.7–13.0 1.0–12.5 1.3–15.3 1.3–15.3
Monocytes 0.45–3.3 0.20–2.50 0.2–2.20 0.2–2.50
Eosinophils 0.12–1.20 0.06–1.10 0.03–0.90 0.01–0.80
Lymphocytes 3.0–11.0 3.0–11.0 2.5–11.0 3.0–12.0
Blast	cells	(%) <5 <8 <8 <8
Platelet	count	(×10	9	/l) 140–450 140–450 140–450 140–450

*	Values	for	Hb,	Hct,	MCV	and	MCH	are	based	on	reference	ranges	in	Christensen	et	al.63	Values	for	leucocytes	and	NRBCs	are	based	on
reference	ranges	in	references	64–67	and	our	own	hospital	laboratory	data	(unpublished);	values	for	peripheral	blood	blast	cells	and	platelets
are	based	on	Roberts	et	al.68

Hb,	haemoglobin	concentration;	Hct,	haematocrit;	MCH,	mean	cell	haemoglobin;	MCV,	mean	cell	volume,	NRBC,	nucleated	red	blood	cell.

Table	1.3	Impact	of	postnatal	age	on	Hb	and	Hct	values	in	healthy	term	and	preterm	neonates*

Postnatal	age
Birth 2	weeks 4	weeks

Gestation	at	birth	35–42	weeks
Hb	(g/l) 140–215 110–180 100–170
Hct	(l/l) 0.43–0.65 0.32–0.55 0.27–0.48
Gestation	at	birth	29–34	weeks
Hb	(g/l) 130–215 100–170 80–135
Hct	(l/l) 0.40–0.42 0.30–0.48 0.24–0.42

*	Values	are	based	on	reference	ranges	in	Christensen	et	al.	2009.63

Hb,	haemoglobin	concentration;	Hct,	haematocrit;



In	the	absence	of	red	cell	transfusion,	the	Hb	and	haematocrit	fall	over	the	first	few	weeks	of	life	due	to
the	physiological	reduction	in	red	blood	cell	production.	In	term	babies,	the	average	Hb	falls	from	180	g/l
at	birth	to	140	g/l	at	the	age	of	4	weeks,69	reaching	a	nadir	of	around	100	g/l	at	2	months	of	age.	Studies	of
healthy	preterm	infants	carried	out	almost	50	years	ago	reported	a	more	rapid	fall	in	Hb	than	in	term
babies,	reaching	a	mean	of	65–90	g/l	at	4–8	weeks	postnatal	age	(reviewed	in	reference	35).	However,
these	differences	are	difficult	to	interpret	because	of	the	variable	clinical	course	of	preterm	infants	and
the	effects	of	red	cell	transfusion,	particularly	in	neonates	of	less	than	26	weeks’	gestation	at	birth.	More
recently,	data	from	nontransfused	neonates	have	confirmed	the	lower	Hb	nadir	in	preterm	neonates,	with
a	mean	Hb	28	days	after	birth	of	approximately	105	g/l	in	neonates	with	a	gestational	age	at	birth	of	29–
36	weeks	and	130	g/l	for	term	neonates.69

The	mean	cell	volume	(MCV)	of	red	blood	cells	in	healthy	neonates	at	birth	is	higher	than	that	in	older
children	and	adults	and	is	inversely	proportional	to	gestational	age	(Table	1.2).63,68	The	average	MCV	of
a	term	neonate	is	about	105	fl,	while	extremely	preterm	neonates	with	a	gestational	age	of	less	than	26
weeks	typically	have	an	MCV	averaging	about	120	fl.63	Similarly,	the	mean	cell	haemoglobin	(MCH)	at
birth	is	higher	in	preterm	neonates	than	in	term	neonates,	averaging	40	pg	in	a	preterm	neonate	of	less	than
26	weeks’	gestation	and	about	36	pg	in	a	term	neonate.63	The	MCV,	but	not	MCH,	has	been	reported	to	be
significantly	lower	in	black	preterm	compared	with	white	preterm	neonates,	although	this	may	reflect	a
higher	prevalence	of	α	thalassaemia	trait	in	these	neonates	as	this	was	not	specifically	investigated.70	In
contrast	to	the	MCV	and	MCH,	the	mean	cell	haemoglobin	concentration	(MCHC)	does	not	change
significantly	during	gestation70	and,	unlike	in	older	children,	changes	in	MCHC	are	not	very	useful	for
diagnostic	purposes	in	neonates.	In	term	babies,	the	MCV	and	MCH	fall	slowly	over	the	first	few	weeks
of	life,	with	a	lower	limit	of	normal	of	77	fl	and	26	pg,	respectively.63	The	same	pattern	is	seen	in	preterm
neonates	although	the	high	frequency	of	red	cell	transfusions	means	that	reliable	data	are	not	available.

Two	newly	available	automated	red	cell	parameters	generated	as	part	of	a	full	blood	count,	MicroR	and
HYPOHe,	have	recently	been	evaluated	in	neonates. 71	In	adult	red	blood	cells,	MicroR	provides	an
automated	measure	of	the	percentage	of	red	blood	cells	with	an	MCV	of	<60	fl	and	HYPOHe	measures
the	percentage	of	red	blood	cells	with	an	MCH	of	<17	pg.	Bahr	and	colleagues	created	new	reference
ranges	for	neonates	based	on	analysis	of	more	than	11	000	blood	counts	and	used	them	to	show	that	a
combination	of	MicroR	and	HYPOHe	was	more	sensitive	than	MCV/MCH	in	identifying	iron
deficiency	at	birth.71	Further	validation	of	these	results	in	prospective	studies	and	assessment	of	the
impact	of	gestational	age	will	be	needed	to	determine	the	value	of	these	new	parameters	in	the	diagnosis
of	neonatal	iron	deficiency	and	anaemia.

Reticulocytes	and	circulating	nucleated	red	blood	cells
The	reticulocyte	count	falls	rapidly	after	birth	as	erythropoiesis	declines.	In	term	babies	it	then	starts	to
increase	at	7–8	weeks	of	age,	reaching	35–200	×	109/l	(1–1.8%)	at	2	months	of	age;	in	preterm	babies	it
increases	at	6–8	weeks	of	age.35	Neonatal	reticulocytes,	like	mature	neonatal	red	blood	cells,	have	a
larger	volume	and	lower	Hb	than	adult	reticulocytes.35	Manual	reticulocyte	counts	have	now	largely	been
replaced	by	automated	reticulocyte	counts	based	on	cell	size	and	ribonucleic	acid	(RNA)	content.
Automated	reticulocyte	counts	also	provide	a	measure	of	the	fraction	of	reticulocytes	with	the	highest
RNA	content	(Immature	Reticulocyte	Fraction	[IRF]),	which	has	been	used	in	neonates	to	determine
whether	or	not	there	is	increased	erythropoietic	activity,	for	example	in	response	to	EPO	treatment	or	as	a
diagnostic	aid	to	haemolysis.72–74

Normal	ranges	for	the	numbers	of	circulating	nucleated	red	blood	cells	(NRBC)	in	neonates	have	been



compiled	by	Christensen	et	al.66	and	are	generally	higher	in	preterm	neonates	(2–3	×	109/l)	than	in	term
neonates	(about	1	×	109/l)	(see	Table	1.2).	Although	modern	analysers	are	increasingly	able	to	generate
accurate	absolute	NRBC	counts,	a	useful	guide	from	examination	of	blood	films	is	that	the	presence	of	up
to	5	NRBC/100	white	blood	cells	in	a	term	baby	and	up	to	25	NRBC/100	white	blood	cells	in	a	preterm
baby	can	be	considered	normal	for	the	first	1–2	days	of	life.	In	fact,	there	seems	to	be	no	difference
between	results	obtained	when	the	manual	and	automated	methods	are	compared.75	The	number	of	NRBC
in	the	peripheral	blood	falls	rapidly	over	the	first	week	of	life	and	these	cells	are	no	longer	seen	after	the
second	week	of	life.	By	contrast,	circulating	erythroblasts	are	increased	in	a	variety	of	conditions	in
neonates	and	their	presence	can	therefore	be	useful	diagnostically	because	they	usually	indicate	increased
erythropoiesis	driven	either	by	anaemia	or	by	chronic	intrauterine	hypoxia,	for	example	due	to	IUGR
(Table	1.4	and	Fig.	1.10).	It	should	be	noted	that	NRBC	also	appear	in	the	peripheral	blood	as	part	of	a
leucoerythroblastic	picture,	most	typically	in	response	to	acute	perinatal	hypoxia	(Fig.	1.11).76,77

Red	blood	cell	morphology
Even	in	freshly	taken	samples,	the	morphology	of	neonatal	red	blood	cells	is	distinctly	different	to	that	of
adult	cells.35,78	The	most	typical	morphological	feature	that	differs	from	what	is	observed	at	other	times
of	life	is	the	presence	of	echinocytes	(see	Fig.	1.8).	In	healthy	neonates,	the	proportion	of	echinocytes	in
blood	films	made	from	samples	collected	during	the	first	week	of	life	is	inversely	proportional	to
gestational	age	at	birth.	Echinocytes	gradually	disappear	from	the	peripheral	blood	film	over	the	first	few
weeks	of	life	so	that	even	very	preterm	neonates	will	have	few	circulating	echinocytes	by	4	weeks	of	age
(Fig.	1.12).	This,	together	with	the	universal	presence	of	echinocytes	in	very	preterm	neonates,	strongly
suggests	that	the	changes	reflect	the	unique	differences	in	the	cell	membrane	and	metabolism	of	fetal	red
blood	cells.	Indeed,	echinocytes	are	not	a	useful	indicator	of	red	cell	pathology	in	neonates.	Instead,	other
morphological	indicators	of	red	cell	pathology,	such	as	spherocytes,	elliptocytes,	target	cells	and
occasionally	acanthocytes,	are	a	more	reliable	diagnostic	guide	(see	Chapter	2).



Table	1.4	Causes	of	 increased	numbers	of	circulating	nucleated	 red	blood	cells	 (erythroblasts)	 in	 term
and	preterm	neonates

Response	to	anaemia:	haemolytic	disorders
Haemolytic	disease	of	the	newborn	(especially	due	to	antiD	and	antic)
α	thalassaemia	major	(occasionally,	haemoglobin	H	disease)
Severe	congenital	dyserythropoietic	anaemia	(e.g.	due	to	KLF1	mutations)
Rare	severe	red	cell	enzyme	deficiencies	(e.g.	pyruvate	kinase	deficiency	or	glucose	phosphate
isomerase	deficiency)
Rare	severe	red	cell	membranopathies	(e.g.	hereditary	stomatocytosis	or	autosomal	recessive	hereditary
spherocytosis)
Response	to	anaemia:	blood	loss	(mainly	acute)
Fetomaternal	haemorrhage
Placental	abruption
Large	cephalohaematoma
Haemorrhage	into	major	organs,	e.g.	liver
Twintotwin	transfusion	(donor	twin)
Response	to	hypoxia
Chronic	in	utero	hypoxia:
 Intrauterine	growth	restriction
 Maternal	hypertension
 Maternal	diabetes	mellitus
 Down	syndrome	(mechanism	unclear)
Acute	perinatal	hypoxia:
 Hypoxic	ischaemic	encephalopathy	(leucoerythroblastic)
Neoplasms
Transient	abnormal	myelopoiesis	in	Down	syndrome*

Congenital	leukaemia	(nonDown	syndrome)
Other
Recovery	phase	of	parvovirus	B19	infection
*	The	increase	in	circulating	erythroblasts	is	even	higher	in	Down	syndrome	neonates	with	transient	abnormal	myelopoiesis	than	in	Down
syndrome	neonates	in	general.



Fig.	1.10	Blood	film	showing	features	of	hyposplenism	resulting	from	intrauterine	growth	restriction:	(a)
low	power	showing	anisocytosis,	poikilocytosis,	target	cells	and	some	fragments	(MGG,	×40);	(b)	high
power,	two	Howell–Jolly	bodies	are	apparent	(MGG,	×100).

Fig.	1.11	Blood	film	from	a	preterm	neonate	(born	at	25	weeks’	gestation)	on	the	day	of	birth	showing	a
leucoerythroblastic	picture	with	NRBC,	a	myelocyte	and	promyelocyte	as	well	as	toxic	granulation	of	the
neutrophils	and	red	cell	morphology	typical	of	an	extremely	preterm	neonate.	This	appearance	is	typical
of	perinatal	hypoxia.	MGG,	×100.



Fig.	1.12	 Impact	of	postnatal	age	on	red	cell	morphology;	blood	films	from:	(a)	healthy	 term	baby;	 (b)
neonate	at	a	postnatal	age	of	4	weeks.	MGG,	×100.

The	presence	of	a	small	proportion	(typically	<5%)	of	spherocytes	and	target	cells	in	the	first	few	days	of
life	is	normal,	particularly	in	preterm	babies,	possibly	reflecting	a	degree	of	functional	hyposplenism	in
the	neonate.	Consistent	with	this,	these	features	are	more	marked	in	neonates	with	IUGR,	when	they	are
usually	accompanied	by	the	presence	of	Howell–Jolly	bodies34	(see	Fig.	1.10).	The	presence	of
schistocytes	in	neonatal	blood	films	may	cause	confusion.	When	they	are	present	in	large	numbers	in	the
first	few	days	of	life	they	may	be	an	indicator	of	a	microangiopathic	process,	as	seen	in	disseminated
intravascular	coagulation	(DIC),	thrombotic	thrombocytopenic	purpura	or	Kasabach–Merritt	syndrome.
On	the	other	hand,	the	presence	of	large	numbers	of	schistocytes	(10–20%)	is	very	common	in	well
babies	for	several	months	after	the	first	few	weeks	of	life	(personal	observation)	and	may	simply	reflect
residual	damaged	fetal	erythrocytes	yet	to	be	cleared	from	the	circulation	(see	Fig.	1.12).	Care	should
therefore	be	taken	not	to	overestimate	the	significance	of	schistocytes	in	well	babies	with	otherwise
normal	blood	counts	or	mild	physiological	anaemia.

Blood	volume
The	normal	blood	volume	at	birth	varies	with	gestational	age	and	the	timing	of	clamping	of	the	umbilical
cord.79	In	healthy	term	infants,	the	average	blood	volume	is	80	ml/kg	(range	50–100	ml/kg);	however,	this
can	be	increased	by	up	to	25%	by	late	clamping	of	the	cord.79	Estimates	of	the	blood	volume	in	preterm
infants	show	a	slightly	higher	range	of	85–106	ml/kg,	largely	due	to	an	increase	in	plasma	volume.80–82

Folic	acid	and	vitamin	B12

In	term	and	preterm	babies	of	normally	nourished	mothers,	stores	of	folic	acid	and	vitamin	B12	are
adequate	at	birth	and	are	maintained	after	birth	in	term	neonates.83	However,	infants	that	are	breastfed	and
born	to	mothers	who	are	vitamin	B12	deficient,	either	due	to	vitamin	B12	malabsorption	or	because	of	a
strict	vegetarian	diet,	are	at	high	risk	of	developing	severe	vitamin	B12	deficiency	at	4–8	months	of	life.
The	prevalence	of	vitamin	B12	deficiency	at	birth	varies	in	different	countries	from	less	than	1	in	100	000
in	the	USA	to	1	in	3000–5000	in	European	countries	where	neonatal	screening	studies	have	been
performed.84–87	Although	these	infants	are	asymptomatic	in	the	neonatal	period,	they	develop	progressive



anaemia	and	neurological	problems	over	the	following	months.88	Although	the	anaemia	is	rapidly
reversible	with	intramuscular	vitamin	B12,	persistent	neurological	impairment	has	been	reported,89

leading	some	to	recommend	neonatal	screening	for	presymptomatic	identification	of	vitamin	B12
deficiency.90	In	preterm	infants,	folic	acid	reserves	are	lower	at	birth	and	are	depleted	more	quickly	than
in	term	neonates,	causing	deficiency	after	2–4	months	if	the	recommended	daily	intakes	are	not
maintained.	The	recommended	daily	intake	for	folic	acid	in	preterm	neonates	is	25–100	μg/kg.91	As
preterm	formula	milks	and	breast	milk	fortifiers	provide	sufficient	folic	acid	to	prevent	folate	deficiency
in	preterm	infants,92	further	supplementation	is	not	required	unless	there	is	chronic	haemolysis.

Leucocytes	in	the	fetus	and	newborn
The	leucocytes	that	form	the	human	blood	and	immune	system	in	the	developing	fetus	start	to	appear	in	the
peripheral	blood	during	the	first	trimester.93	Monocytes	and	lymphocytes	appear	in	fetal	blood	by	8
weeks	postconception,	although	initially	in	very	low	 numbers.	This	is	followed	by	the	appearance	of
neutrophils	and	eosinophils	from	around	14–16	weeks	postconception,	once	haemopoiesis	begins	to	be
established	in	the	bone	marrow,9,16	increasing	by	the	end	of	the	third	trimester	to	the	lower	end	of	the
values	reported	for	leucocyte	counts	in	term	neonates.	Blast	cells	are	a	normal	feature	in	fetal	blood,
particularly	in	the	second	trimester,	but	are	not	usually	greater	than	10%.94

Apart	from	alterations	in	the	numbers	of	white	blood	cells	in	response	to	infection,	leucocyte	disorders
are	not	common	in	neonates.	Nevertheless,	some	diagnostic	dilemmas	do	present	in	the	neonatal	period,
particularly	when	there	is	neutropenia	or	a	rare	disorder	such	as	congenital	leukaemia	is	suspected.
Careful	evaluation	of	leucocyte	morphology	can	not	only	help	to	make	an	early	diagnosis	of	bacterial
infection	but	can	also	suggest	the	type	of	bacterial	infection	and	provide	rapid	clues	to	the	presence	of
congenital	viral	infection	or	a	rare	genetic	or	metabolic	disorder	(see	Chapter	3).	In	addition,	automated
leucocyte	differential	counts	are	often	inaccurate	in	neonatal	samples,	particularly	in	very	preterm
neonates,	so	that	validation	from	a	blood	film	is	important.

In	contrast	to	the	gestationrelated	differences	in	red	cell	morphology,	leucocyte	morphology
(neutrophils,	monocytes,	eosinophils,	basophils	and	lymphocytes)	is	the	same	in	healthy	neonates	of	any
gestation	as	in	adults.

Leucocyte	production	and	function	in	the	fetus	and	neonate
All	of	the	same	types	of	normal	leucocyte	found	in	older	children	can	be	seen	in	peripheral	blood	films	of
term	and	preterm	neonates	(Fig.	1.13),	although	their	frequencies	vary	from	those	in	older	children	and
also	vary	both	with	gestational	age	and	with	postnatal	age	(see	Table	1.2).	Blast	cells	are	the	only	cells
commonly	seen	in	neonatal	blood	films	that	are	not	usual	in	blood	films	from	healthy	older	children	or
adults	(Fig.	1.14).



Fig.	1.13	Blood	film	of	a	preterm	neonate	showing	normal	white	cells	–	two	neutrophils,	an	eosinophil
and	a	monocyte.	MGG,	×100.



Fig.	1.14	Blood	film	of	a	healthy	preterm	neonate	born	at	25	weeks’	gestation	showing	a	neutrophil	and	a
blast	cell.	MGG,	×100.

There	is	increasing	recognition	that	leucocyte	function	in	the	fetus	and	newborn	differs	from	that	in
adults95	and	that	this	is	almost	certain	to	contribute	to	the	increased	susceptibility	to	infection	in	neonates,
particularly	in	those	that	are	extremely	preterm.96	As	the	adaptive	immune	system	only	properly	develops
with	antigen	exposure	after	birth,	neonates	are	specifically	dependent	on	the	innate	immune	system	as	a
first	line	of	defence	against	bacterial	and	fungal	pathogens	in	particular.97	Remarkably,	all	of	the	cellular
components	of	the	innate	immune	system	are	established	in	the	human	fetus	over	a	small	number	of	weeks
late	in	the	first	trimester	and	early	second	trimester	of	fetal	life.16

Neutrophils
At	birth,	neutrophils	are	the	most	plentiful	of	the	circulating	leucocytes	in	healthy	neonates,	constituting
50–60%	of	the	total	circulating	white	cells,	in	both	term	and	preterm	infants.64,65,67	The	absolute
neutrophil	count	at	birth	is	slightly	higher	in	preterm	neonates	(averaging	about	15	×	109/l)	than	in	term
neonates	(averaging	about	10	×	109/l),64	and	in	most	preterm	neonates	(<28	weeks’	gestation	at	birth),	the
peripheral	blood	also	often	contains	neutrophil	precursors	(metamyelocytes,	myelocytes	and
promyelocytes)	in	small	numbers,	even	when	the	baby	is	well	(Fig.	1.15).



Neutrophils	are	produced	almost	entirely	in	the	bone	marrow	during	fetal	life.16	The	numbers	of
circulating	neutrophils	in	fetal	blood	samples	taken	in	the	first	and	second	trimester	are	low	(0.1–0.2	×
109/l),94	most	likely	because	so	much	of	the	bone	marrow	at	this	gestation	is	devoted	to	expanding	B	cell
production.8	Thereafter,	as	granulopoiesis	is	established	in	the	fetal	bone	marrow,	the	numbers	of
neutrophils	gradually	rise	to	reach	over	2	×	109/l	at	the	end	of	the	third	trimester.	Nevertheless,	the
absolute	neutrophil	mass	per	kilogram	is	less	than	25%	of	adult	values	in	term	neonates	and	slightly
lower	(20%	of	adult	values)	in	preterm	neonates.95	This	means	that	reserves	of	mature	neutrophils	in	the
bone	marrow	(sometimes	referred	to	as	the	neutrophil	storage	pool)	are	rapidly	depleted	in	neonates.
This	explains	the	frequent	occurrence	of	severe	neutropenia	in	preterm	neonates	as	an	immediate	response
to	acute	bacterial	infection	or	necrotising	enterocolitis	(NEC)	(Fig.	1.16)	(see	Chapter	3).98–100	In
contrast,	adults	have	large	reserves	of	neutrophils	and	neutrophil	progenitors	in	the	bone	marrow,	which
can	be	rapidly	recruited	to	boost	neutrophil	numbers	in	response	to	sepsis.

Fig.	1.15	Blood	film	of	a	well	preterm	neonate	showing	a	myelocyte	and	three	normal	neutrophils.	MGG,
×100.



Fig.	1.16	Blood	film	of	a	preterm	neonate	with	early	clinical	signs	of	necrotising	enterocolitis	showing
severe	 neutropenia	 and	 moderate	 thrombocytopenia.	 Note	 the	 cytoplasmic	 vacuolation	 in	 the	 single
neutrophil	 and	 the	 presence	 of	 large	 platelets	 and	 some	 schistocytes	 suggestive	 of	 disseminated
intravascular	coagulation	(DIC).	MGG,	×40.

Normal	ranges	for	neutrophil	counts	in	neonates	were	updated	by	Schmutz	et	al.	in	2008.64	These	vary	by
gestational	age	at	birth	(see	Table	1.2)	and	also	by	postnatal	age,	particularly	over	the	first	24	hours.	In
healthy	term	babies	the	neutrophil	count	peaks	at	around	15.0	×	109/l	(range	7.5–28.5	×	109/l)	6–12	hours
after	birth,	with	a	very	similar	pattern	also	seen	in	healthy	preterm	babies	over	28	weeks’	gestation.64
Normal	ranges	for	very	low	birthweight	neonates	less	than	28	weeks’	gestation	are	difficult	to	establish
because	of	the	high	frequency	of	medical	problems,	including	infection,	in	these	babies.	In	practice,	the
main	clinical	value	of	neutrophil	normal	ranges	is	to	identify	neonates	with	clinically	significant
neutropenia,	especially	those	with	severe	congenital	neutropenia	(SCN),	where	prompt	diagnosis	is
essential	to	prevent	lifethreatening	complications.	 In	SCN,	the	neutrophil	count	will	nearly	always	be
persistently	low,	although	transient	and	moderate	rises	sometimes	occur	in	the	setting	of	infection.	As	a
result,	serial	neutrophil	measurements,	as	well	as	assessment	of	a	blood	film,	are	essential	to	rule	out
acquired	disorders	associated	with	neutropenia	persisting	for	more	than	a	week,	for	example
cytomegalovirus	(CMV)	infection.

Monocytes

There	are	few	monocytes	in	early	secondtrimester	fetal	blood	(<0.06	×	10 9/l)	but	the	numbers	slowly
increase	to	reach	0.1	×	109/l	towards	the	end	of	the	second	trimester.101	Normal	ranges	for	monocyte



counts	at	birth	in	term	and	preterm	babies	are	shown	in	Table	1.2.	These	show	a	gradual	rise	from	a	mean
of	0.75	×	109/l	in	preterm	neonates	less	than	28	weeks’	gestation	at	birth	to	1.5	×	109/l	in	term	babies.65
Monocytes	play	a	key	role	in	the	innate	immune	response	of	neonates	to	pathogens.	Investigations	have
shown	that	although	the	ability	of	neonatal	monocytes	to	phagocytose	microorganisms	is	not	impaired,
other	aspects	of	monocyte	function	in	neonates	are	impaired	compared	with	adult	monocytes.102,103	For
example,	neonatal	monocytes	have	reduced	expression	of	a	number	of	functionally	important	cell	surface
molecules	compared	with	adult	monocytes,	including	HLADR,	CD80	and	Lselectin,	which	leads	to	a
reduced	ability	to	present	antigens	efficiently	and	to	migrate	to	sites	of	inflammation.104	In	addition,	many
studies	have	reported	differences	in	the	pattern	of	pro	and	antiinflammatory	cytokine	production	in
neonatal	monocytes,	which	may	impair	the	antimicrobial	activity	not	only	of	the	monocytes	themselves,
but	also	of	neutrophils,105–108	although	their	ability	to	respond	appropriately	to	bacille	Calmette–Guérin
(BCG)	vaccine	appears	to	be	preserved.109

Eosinophils

Eosinophils	are	barely	detectable	in	fetal	blood	until	the	middle	of	the	second	trimester.101	Recent	data
indicate	that	there	is	no	eosinophil	production	in	fetal	liver9	and	that	circulating	eosinophils	are	likely	to
be	derived	entirely	from	the	bone	marrow.	The	numbers	of	eosinophils	in	neonates	gradually	increase
with	gestational	age	from	a	mean	of	0.02	×	109/l	in	preterm	infants	less	than	28	weeks’	gestation	to	0.06	×
109/l	in	term	neonates.65	Normal	ranges	for	neonatal	eosinophil	counts	are	shown	in	Table	1.2.

Lymphocytes
There	are	few	studies	of	lymphopoiesis	in	the	human	fetus.	Although	B	lymphocytes	are	found	in	low
numbers	in	fetal	liver	and	fetal	blood	by	8	weeks’	gestation110	and	gradually	increase	in	number	during
the	second	trimester,111	the	bone	marrow	is	the	main	site	of	B	lymphopoiesis	in	fetal	life.8	By	the	second
trimester,	both	fetal	liver	and	fetal	bone	marrow	B	cells	are	polyclonal	with	equally	diversified	IgH	chain
repertoires,	although	at	this	stage	the	main	source	of	IgM	natural	immunity	seems	to	reside	in	the	fetal
liver	as	the	majority	of	bone	marrow	B	cells	are	still	immature.112	Two	types	of	fetal	B	cell	have	been
described	in	mice	(B1	and	B2	cells),	with	B1	cells	being	specific	to	fetal	life	and	hypothesised	to	mainly
play	a	role	in	innate	immunity	as	they	have	limited	Ig	production	capacity.113	Putative	B1	B	cells	have
also	been	described	in	human	fetal	liver	and	bone	marrow	and	in	cord	blood,114	but	their	developmental
origin	and	function	are	still	to	be	defined.

T	cell	progenitors	are	first	detected	in	the	thymus	at	9	weeks	postconception	and	mature	T	cells	by	12–
13	weeks	postconception	followed	by	T	cells	appearing	in	the	spleen	and	lymph	nodes	by	24	weeks. 115

Regulatory	T	cells,	which	are	critical	for	promoting	selftolerance	in	fetal	life,	are	detected	in	the
thymus	at	12	weeks	postconception. 116,117	T	lymphocytes	are	detectable	in	fetal	blood,	marrow	and
thymus	during	the	second	trimester118	and	T	cell	development	is	largely	complete	by	birth.119	By	term,	T
lymphocytes	form	40–45%	of	circulating	mononuclear	cells,	with	a	CD4:CD8	ratio	of	around	5:1,	slightly
higher	than	that	in	adult	blood	(3.1:1).	The	normal	ranges	for	the	total	lymphocyte	count	in	neonatal	blood
are	the	same	in	term	and	preterm	neonates	(see	Table	1.2)	and	remain	stable	over	the	first	month	of	life	in
healthy	neonates.67

Blast	cells
Blast	cells,	usually	resembling	myeloblasts,	are	a	normal	feature	on	neonatal	blood	films	(see	Fig.	1.14).
Their	numbers	are	increased	in	preterm	compared	with	term	babies	and	in	babies	with	severe	infection.	A



study	that	evaluated	blood	films	in	123	healthy	neonates	found	an	upper	limit	of	4%	for	the	frequency	of
circulating	blasts	in	neonatal	blood,	whereas	for	sick	babies	up	to	8%	blasts	were	occasionally	seen.68
The	causes	of	increased	blast	cells	in	neonates	are	discussed	in	Chapter	3	(see	Table	3.6).

Leucocyte	function	in	the	fetus	and	neonate
The	clinical	importance	of	the	immaturity	of	the	innate	immune	system	in	neonates	is	best	demonstrated	by
the	fact	that	the	pattern	of	infections	in	neonates	closely	mimics	that	seen	in	children	with	SCN.	While
neutrophil	numbers	at	birth	are	similar	to	those	in	older	children	and	adults,	the	lack	of	neutrophil
reserves	discussed	above	is	aggravated	by	the	impaired	function	of	neonatal	neutrophils.95	First,
recruitment	and	migration	of	neonatal	neutrophils	to	sites	of	infection	is	impaired	compared	with	adult
neutrophils.	The	processes	involved	are	complex	and	several	aspects	are	defective	in	neonatal
neutrophils,	including	chemotaxis,	adhesion,	rolling	and	transmigration,	which	together	result	in	an
impaired	ability	to	leave	the	circulation	and	enter	the	tissues.120–122	Secondly,	neonatal	neutrophils	have
an	overall	reduced	ability	to	generate	neutrophil	extracellular	traps	(NETs),	which	are	an	important
component	of	the	innate	immune	response	that	limits	the	dissemination	of	a	variety	of	pathogens.123–125
NETs	are	extracellular,	weblike	structures	composed	of	a	variety	of	antimicrobial	molecules,	such	as
elastase,	myeloperoxidase,	lactoferrin	and	defensins,	and	are	key	for	protection	against	infection	in
neonates,	trapping,	neutralising	and	killing	bacteria,	fungi,	viruses	and	parasites.126	Thirdly,	neonatal
neutrophils	have	lower	levels	of	various	antimicrobial	granule	proteins,	such	as	lactoferrin	and
bactericidal/permeabilityincreasing	protein	(BPI),	particularly	in	preterm	neonates. 95	Recent	data
suggest	that	lactoferrin	may	be	particularly	important	for	converting	neonatal	neutrophils	and	monocytes
to	myeloidderived	suppressor	cells	(MDSC),	which	are	now	recognised	as	being	critical	in	controlling
diseases	associated	with	deregulated	inflammation	in	neonates,	including	NEC.127,128	Finally,	although
term	neonates	are	able	to	phagocytose	both	Grampositive	and	Gramnegative	bacteria	normally,	in
preterm	neonates	phagocytosis	of	bacteria	and	of	Candida	albicans	is	less	efficient.102,129

Platelets	and	megakaryocytes	in	the	fetus	and	neonate
Platelets	appear	in	the	circulation	at	5–6	weeks’	gestation	and	reach	values	of	150	×	109/l	by	the	end	of
the	first	trimester110,118	and	175–250	×	109/l	during	the	second	and	third	trimesters.93,130,131	Although	some
studies	have	suggested	that	there	is	a	linear	increase	in	the	platelet	count	with	increasing	gestational	age,	a
large	study	of	more	than	5000	fetal	blood	samples	showed	that	there	was	no	further	significant	increase	in
fetal	platelet	count	through	the	second	and	third	trimesters.131	Thus,	a	platelet	count	of	less	than	150	×
109/l	can	be	considered	abnormal,	even	in	the	most	preterm	neonate.

Developmental	megakaryopoiesis	and	thrombopoiesis
As	for	most	of	the	other	types	of	blood	cell,	there	are	many	differences	between	neonates	and	adults	in	the
processes	that	regulate	megakaryocyte	production	(megakaryopoiesis)	and	platelet	production
(thrombopoiesis).132,133	These	differences	are	particularly	marked	in	preterm	neonates	and	likely	to
contribute	to	the	frequent	occurrence	of	thrombocytopenia	in	sick	neonates;	they	are	important	to	consider
in	the	investigation	and	treatment	of	neonatal	thrombocytopenia	(see	Chapter	4).

The	principal	cytokine	regulating	platelet	production	in	the	fetus	and	newborn,	as	in	adults,	is
thrombopoietin	(TPO).34	Circulating	levels	of	TPO,	which	is	produced	in	the	liver	from	early	in	fetal
life,134,135	are	higher	in	healthy	term	and	preterm	neonates	than	in	adults.136,137	This	does	not	seem	to	be	a



compensatory	mechanism	since	TPOinduced	signalling	is	upregulated	in	cord	blood	megakaryocytes
compared	with	adult	megakaryocytes.133	Fetal	megakaryocytes	are	also	smaller	and	of	lower	ploidy	than
their	adult	counterparts,	which	may	be	the	reason	that	they	not	infrequently	circulate	in	the	peripheral
blood	in	preterm	neonates	(Fig.	1.17)	and	that	cord	bloodderived	megakaryocytes	produce
approximately	50%	fewer	platelets	per	cell138	(reviewed	in	references	139	and	140).	Furthermore,	unlike
adults,	thrombocytopenic	neonates	can	only	increase	their	megakaryocyte	number,	and	not	size,	in
response	to	consumptive	thrombocytopenia.141	Nevertheless,	fetal	megakaryocytes	appear	to	be
cytoplasmically	mature	and	express	increased	amounts	of	messenger	RNA	for	the	transcription	factor
GATA1	and	increased	surface	glycoprotein	1b	compared	with	adult	megakaryocytes.133	These	functional
differences	in	fetal	and	neonatal	megakaryocytes	are	now	known	to	be	accompanied	by	increased
expression	of	genes	associated	with	a	number	of	signalling	pathways,	including	those	mediated	by
transforming	growth	factor	β	(TGFβ),	insulinlike	growth	factor	(IGF)	and	Janus	kinase	2	(JAK2),	in
fetal	compared	with	adult	megakaryocytes.142

Fig.	 1.17	 Blood	 film	 of	 a	 preterm	 neonate	 born	 at	 24	 weeks’	 gestation	 showing	 a	 circulating
megakaryocyte	and	giant	platelet.	MGG,	×100.

There	are	also	developmental	differences	in	megakaryocyte	progenitor	cells.	The	numbers	of	these	cells
are	high	early	in	fetal	life	and	fall	towards	term	and	are	higher	in	healthy	preterm	than	term
babies.132,143,144	Additionally,	fetal	megakaryocyte	progenitors	have	more	proliferative	potential	in	vitro
than	those	derived	from	adults,	perhaps	related	to	stronger	activation	of	the	JAK2	and	mTOR	pathways	in
response	to	TPO	stimulation	as	found	in	cord	blood	megakaryocytes.133	These	properties	may	explain
how	fetal	and	neonatal	platelet	counts	are	maintained	at	levels	similar	to	those	of	adults,	at	least	in	the



healthy	fetus	and	neonate.	The	observation	of	increased	numbers	of	reticulated	(young)	platelets	in	fetal
compared	with	adult	peripheral	blood	is	consistent	with	this	hypothesis.145

Platelet	numbers	in	the	neonate	and	fetus	–	normal	values
Since	platelet	counts	in	fetal	blood	reach	normal	adult	values	by	the	end	of	the	second	trimester,	it	is
reasonable	to	consider	that	platelet	counts	of	less	than	150	×	109/l	represent	thrombocytopenia	in	a
healthy	neonate	regardless	of	gestation	at	birth.	This	conclusion	has	been	challenged	by	a	large
retrospective	analysis	of	47	000	neonates,	in	which	a	reference	range	of	platelet	counts	at	different
gestational	ages	was	determined	by	excluding	the	highest	and	lowest	5th	percentile	of	all	observed
counts.	By	this	method,	the	lowest	limit	of	platelet	counts	was	found	to	be	104	×	109/l	for	infants	of	less
than	32	weeks’	gestation,	compared	with	123	×	109/l	for	neonates	of	greater	than	32	weeks’	gestation.146
However,	as	the	study	included	all	neonates,	regardless	of	clinical	status,	these	counts	may	simply	reflect
the	high	frequency	of	thrombocytopenia	in	neonatal	units,	where	sepsis	and	placental	insufficiency	are
common	causes	for	admission,	rather	than	representing	a	new	physiological	definition	of	normal	platelet
counts	in	the	newborn.	Indeed,	the	mean	platelet	count	was	above	200	×	109/l	regardless	of	gestation	at
birth,	consistent	with	accepted	normal	ranges	for	the	platelet	count	in	neonates.143

Several	studies	have	investigated	the	clinical	relevance	of	newer	automated	platelet	parameters	in
neonatal	medicine,	particularly	the	immature	platelet	fraction	(IPF).	Overall,	these	studies	support	the
conclusion	that	in	neonates,	as	in	adults,	the	IPF%	provides	a	measure	of	the	proportion	of	immature
platelets	and	a	surrogate	measure	of	platelet	production	although	the	results	are	variable.147	MacQueen
and	colleagues	established	reference	ranges	for	the	IPF%	in	their	hospitals	based	on	more	than	20	000
automated	results	from	nearly	9000	neonates.148	They	reported	a	higher	IPF%	in	the	most	premature
infants	(less	than	32	weeks’	gestation).	Consistent	with	this,	they	also	found	that	IPF%	values	were	higher
in	neonates	who	developed	consumptive	thrombocytopenia	compared	with	those	were	considered	to	have
reduced	platelet	production,	suggesting	that	further	clinical	studies	of	the	value	of	the	IPF%	in	neonates
might	be	useful,	given	the	practical	difficulties	of	bone	marrow	aspiration	in	the	newborn.

Neonatal	platelet	function
Studies	of	neonatal	platelet	function	in	vitro	have	consistently	shown	hyporeactivity	of	neonatal	compared
with	adult	platelets	to	a	wide	range	of	platelet	agonists,	including	adenosine	diphosphate	(ADP),
thrombin	and	thromboxane	and	especially	so	to	collagen	and	adrenaline	(epinephrine).132,149	In	keeping
with	this,	the	number	of	αadrenergic	receptors	on	neonatal	platelets	has	been	found	to	be	50%	lower
than	on	adult	platelets.150,151	By	contrast,	expression	of	the	main	platelet	adhesion	receptors	appears	to	be
similar	in	neonatal	and	adult	platelets,	with	the	exception	of	glycoprotein	(Gp)	IIb/IIIa,	which	is
expressed	at	lower	levels	in	neonatal	platelets.152	Importantly,	followup	studies	have	shown	that
previously	impaired	platelet	responses	in	neonates	are	similar	to	adult	responses	within	2	weeks	of
birth.152,153	Another	point	of	note	is	that	most	studies	of	neonatal	platelet	function	have	been	carried	out	on
cord	blood	plateletrich	plasma.	 However,	more	recent	studies	on	whole	blood	have	shown	that	healthy
neonates	have	robust	primary	haemostasis	overall,	despite	apparently	hypofunctional	platelets	as
assessed	using	standard	techniques	in	plateletrich	plasma.	 This	may,	at	least	in	part,	be	due	to	the	higher
haematocrit	and	higher	levels	of	von	Willebrand	factor	in	neonates.	In	addition,	measures	of	in	vitro
platelet	activation	and	aggregation	in	cord	blood	do	not	match	those	obtained	when	studying	peripheral
blood.154	These	observations	have	led	some	investigators	to	conclude	that	the	function	of	neonatal
platelets	should	not	be	viewed	as	impaired	but,	instead,	that	neonatal	platelets	function	as	a	component	of



a	generally	wellbalanced	neonatal	haemostatic	system. 149

Practical	problems	in	interpreting	neonatal	blood	counts	and
films
Sample	quality/artefacts
One	of	the	commonest	practical	difficulties	in	interpreting	neonatal	blood	counts	and	blood	films	occurs
because	of	the	much	higher	haematocrit	in	neonates.	First,	there	is	a	higher	frequency	of	clotted	samples,
which	most	likely	reflects	the	challenge	of	collecting	freeflowing	blood	samples	from	neonates,
especially	those	who	are	very	low	birthweight	and/or	preterm.	Secondly,	the	high	haematocrit	often	leads
to	poorquality	‘thick’	or	 unevenly	spread	films,	which	may	give	the	misleading	impression	of	the
presence	of	abnormal	red	cells,	such	as	spherocytes	or	target	cells,	which	are	not	seen	when	the	correctly
spread	section	of	the	film	is	reviewed	(Fig.	1.18).	These	effects	can	often	be	mitigated	by	dilution	of	the
sample	prior	to	analysis	and	preparation	of	the	blood	film.	Another	practical	problem	is	the	difficulty	of
distinguishing	the	typical	changes	seen	on	aged	blood	samples	anticoagulated	with	ethylene
diaminetetraacetic	acid	(EDTA)	from	the	normal	red	cell	features	typical	of	preterm	babies.	 It	is
therefore	particularly	important	to	make	blood	films	on	neonatal	samples	as	soon	as	possible.



Fig.	1.18	Blood	film	of	a	healthy	term	neonate	with	a	normal	blood	count	and	no	evidence	of	haemolysis,
showing	artefactual	changes	in	red	cell	morphology	apparent	on	different	sections	of	the	blood	film.	(a)
Thin	 end	 of	 the	 blood	 film	 showing	 apparent	 ‘spherocytes’	 that	 are	 not	 present	 on	 the	 wellspread
section	 of	 the	 film	 (compare	with	Fig.	1.18c).	A	 normal	 neutrophil,	monocyte	 and	NRBC	 can	 also	 be
seen.	 (b)	 Thick	 end	 of	 the	 same	 blood	 film	 showing	 overlapping	 red	 cells,	which	make	 it	 difficult	 to
interpret	 the	red	cell	morphology,	and	apparent	target	cells	and	hypochromia	that	are	not	present	on	the
wellspread	section	of	the	film	(compare	with	 Fig.	1.18c).	Normal	neutrophils	and	an	NRBC	are	also
shown.	 (c)	Good	 section	 of	 the	 blood	 film	 showing	 normal	 red	 cell	morphology.	Normal	white	 blood
cells	are	also	shown.	MGG,	×40.

Site	of	sampling
The	site	of	sampling	also	influences	blood	count	analyses	in	neonates.	For	example,	in	the	first	few	hours
of	life	the	Hb	of	venous	samples	is	lower	than	that	of	heelprick	samples	collected	simultaneously, 155

sometimes	by	up	to	20–40	g/l.35	This	difference	is	greater	in	preterm	neonates	and	falls	with	increasing
postnatal	age,	such	that	by	the	fifth	day	of	life	there	is	almost	no	difference	in	Hb	between	a	welltaken
heelprick	sample	and	a	venous	sample. 155	Similarly,	the	haematocrit	and	red	blood	cell	count	at	birth
are	lower	in	venous	blood	compared	with	capillary	blood	samples	collected	simultaneously,	while	there
is	no	difference	in	the	other	red	cell	indices	by	site	of	sampling.155	Neonatal	heelprick	samples	have



also	been	shown	to	have	white	cell,	neutrophil	and	lymphocyte	counts	about	20%	higher	than	arterial	or
venous	samples;	counts	are	most	likely	to	approximate	to	those	of	venous	blood	if	there	is	a	free	flow	of
blood	and	if	early	drops,	excluding	the	first,	are	used	for	the	count.35	In	contrast,	the	platelet	count	and
mean	platelet	volume	(MPV)	are	lower	in	capillary	samples	than	in	venous	samples.155,156

Gestational	age	and	postnatal	age
Although	the	Hb,	haematocrit	and	MCV	vary	little	over	the	first	week	of	life,	there	is	a	gradual	loss	of
other	distinctive	neonatal	red	cell	features	after	the	first	week	of	life.	In	particular,	the	numbers	of
circulating	nucleated	red	cells	fall,	as	mentioned	above,	and	echinocytes	are	gradually	replaced	by	red
cells	with	the	more	typical	appearance	of	adult	red	cells.	Consideration	of	the	postnatal	age	of	a	baby	is
most	important	when	interpreting	blood	films	to	help	in	the	identification	of	infection	or	the	cause	of
anaemia.	For	example,	maternal	chorioamnionitis	may	cause	extremely	high	neutrophil	counts,	often	with
associated	toxic	granulation,	in	the	newborn	infant	despite	the	absence	of	active	infection	in	the	neonate
(Fig.	1.19).	It	seems	likely	that	this	is	due	to	maternal	cytokines	crossing	the	placenta,	although	this	has
not	been	specifically	demonstrated.	Importantly,	virtually	identical	changes	observed	on	neonatal	blood
films	after	the	first	week	of	life	are	highly	likely	to	reflect	active	infection	in	the	neonate	as	any	maternal
cytokinedriven	changes	will	have	resolved	by	this	time.

Fig.	 1.19	 Blood	 film	 in	 maternal	 chorioamnionitis	 showing	 neutrophilia,	 left	 shift	 (myelocytes	 and
promyelocytes)	and	toxic	granulation.	MGG,	×40.



Fig.	1.20	 Leucoerythroblastic	 blood	 film	 in	 a	 preterm	neonate	with	 hypoxic	 ischaemic	 encephalopathy
showing	a	myelocyte,	an	NRBC,	an	eosinophil	and	a	macropolycyte,	likely	to	be	a	tetraploid	cell.	MGG,
×100.

Pregnancyassociated	complications	and	mode	of	delivery
In	addition	to	being	influenced	by	maternal	chorioamnionitis,	the	white	cell	count	(WBC)	at	birth	is	also
affected	by	the	mode	of	delivery,	being	lower	after	an	elective	caesarean	section	than	after	either	vaginal
delivery	or	caesarean	section	performed	after	labour	has	commenced.64	Hypoxic	ischaemic
encephalopathy	(HIE)	following	perinatal	hypoxia	(e.g.	due	to	the	cord	being	round	the	neck	of	the	baby)
also	causes	an	increased	WBC;	in	this	case	the	blood	film	is	leucoerythroblastic	and	the	neutrophils	show
varying	degrees	of	toxic	granulation,	often	making	it	difficult	to	identify	the	presence	of	coexisting
infection	based	on	the	haematological	findings	alone	(Fig.	1.20).
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2
Red	cell	disorders:	anaemia,	jaundice,	polycythaemia	and
cyanosis

Neonatal	anaemia
Definition	and	clinical	significance	of	neonatal	anaemia
Anaemia	is	generally	defined	as	a	haemoglobin	concentration	or	haematocrit	at	least	two	standard
deviations	below	the	mean	or	below	the	5th	percentile	compared	with	reference	values	for	age	and,	if
appropriate,	gender.	For	neonates	these	normal	values	vary	with	gestational	age	at	birth	(see	Table	1.2).
For	term	babies,	a	haemoglobin	concentration	(Hb)	below	140	g/l	is	abnormal	and	could	be	considered
as	anaemia,	while	in	preterm	babies	born	before	30	weeks’	gestation	the	lower	limit	of	normal	is	115	g/l.

As	a	first	step	in	assessing	the	significance	and	cause	of	neonatal	anaemia,	the	laboratory	result	should	be
considered	in	light	of	the	clinical	findings.	Detailed	investigations	will	not	be	necessary	for	every	neonate
with	an	Hb	below	the	normal	range.	It	is	important	to	consider	the	possibility	of	artefactual	results,	for
example	due	to	in	vitro	blood	clotting	in	the	sample	tube.	In	addition,	haemoglobin	measurements	on
heelprick	samples	may	be	misleading	as	they	can	be	up	to	40	g/l	lower	than	venous	samples	in	the	first
few	hours	of	life,	particularly	in	term	babies.1	Another	major	factor	determining	the	Hb	at	birth	is	the
timing	and	position	of	the	baby	at	the	time	of	clamping	of	the	cord	(babies	held	below	the	placenta
receive	more	blood).	In	a	term	baby,	the	placental	vessels	typically	contain	around	100	ml	of	blood	at
birth.	Since	up	to	25%	of	the	placental	blood	is	‘transfused’	into	the	baby	within	the	first	15	seconds	and
50%	by	the	end	of	the	first	minute,	even	a	short	delay	has	the	potential	to	increase	the	volume	of	placental
blood	transfused	to	the	neonate	by	50	ml.2	Indeed,	as	discussed	later	in	this	chapter,	a	policy	of	deliberate
delay	to	cord	clamping	has	been	investigated	in	several	studies	as	a	strategy	for	reducing	neonatal	red
cell	transfusion	requirements.

The	clinical	significance	of	neonatal	anaemia	depends	both	upon	the	haemoglobin	concentration	and	on
the	ability	of	the	haemoglobin	to	deliver	oxygen	to	the	tissues.	This,	in	turn,	depends	on	the	characteristics
of	the	haemoglobin–oxygen	dissociation	curve.	In	neonates,	the	two	most	important	parameters	that
determine	the	position	of	the	haemoglobin–oxygen	dissociation	curve	are	the	concentration	of
haemoglobin	F	and	the	level	of	2,3diphosphoglycerate	(2,3DPG)	within	the	red	blood	cells.	 At	birth,
when	the	predominant	haemoglobin	is	haemoglobin	F	and	the	levels	of	2,3DPG	are	low,	the	curve	shifts
to	the	left,	i.e.	the	affinity	of	haemoglobin	for	oxygen	is	high	and	so	less	oxygen	is	released	to	the	tissues.
This	can	cause	particular	problems	for	the	most	preterm	neonates	(<28	weeks’	gestation)	in	which
haemoglobin	F	forms	more	than	90%	of	the	total	haemoglobin.	As	the	proportion	of	haemoglobin	F	falls,
either	physiologically	or	following	red	cell	transfusion,	and	2,3DPG	levels	rise,	the	haemoglobin–
oxygen	dissociation	curve	gradually	shifts	to	the	right	and	oxygen	delivery	to	the	tissues	improves.



Table	2.1	Mechanisms	of	fetal	and	neonatal	anaemia

Reduced	production	(red	cell	aplasia/dysplasia)

Increased	destruction	(haemolysis)

Blood	loss

Multifactorial	(anaemia	of	prematurity)

Anaemia	may	be	caused	by	reduced	red	cell	production,	increased	red	cell	destruction	(haemolysis),
blood	loss	or	a	combination	of	these	factors	(Table	2.1).	While	simple	investigations,	in	particular	the
full	blood	count	and	blood	film,	remain	the	cornerstone	for	identifying	the	causes	of	neonatal	anaemias,
accurate	diagnosis	of	the	rarer	inherited	anaemias	has	been	greatly	facilitated	by	the	increasing	speed	and
availability	of	next	generation	sequencing.3,4

Neonatal	anaemia	due	to	reduced	red	cell	production
Reduced	red	cell	production	in	the	neonate	may	result	either	from	a	virtually	complete	absence	of	red
cells	and	erythroid	progenitors	(red	cell	aplasia)	or	from	qualitatively	abnormal	red	cell	production
where	erythroid	progenitors	fail	to	differentiate	normally	into	mature	red	cells	(ineffective
erythropoiesis).	Red	cell	aplasia	and	anaemias	due	to	ineffective	erythropoiesis	(often	also
dyserythropoietic)	are	uncommon	in	the	neonatal	period	but	are	important	to	recognise	promptly	because
they	are	often	severe	and,	for	inherited	disorders,	are	a	cause	of	lifelong	ill	health.	 The	most	common
causes	of	red	cell	aplasia	are	congenital	infections	(largely	due	to	parvovirus	B19)	and	the	genetic
disorder	Diamond–Blackfan	anaemia	(DBA).	As	both	parvovirus	B19	and	DBA	cause	highly	selective
effects	on	the	erythroid	lineage,	the	white	cell	count	and	platelet	count	are	usually	normal	in	affected
neonates.	However,	reduced	red	cell	production	may	also	occur	as	part	of	a	general	failure	of
haemopoiesis.	In	this	situation	the	neutrophil	count,	platelet	count	and	Hb	are	all	reduced,	for	example	in
congenital	leukaemias	(see	Chapter	3).	Apart	from	parvovirus	B19,	other	infections	that	can	cause
anaemia	due	to	reduced	red	cell	production	include	cytomegalovirus	(CMV),	toxoplasmosis,	congenital
syphilis,	rubella	and	herpes	simplex,	although	the	anaemia	and	reticulocytopenia	are	usually	relatively
mild.5,6

The	main	diagnostic	clues	to	reduced	red	cell	production	in	a	neonate	with	anaemia	are	the	combination
of	a	low	reticulocyte	count	(<20	×	109/l)	with	a	negative	direct	antiglobulin	test	(DAT	or	Coombs	test)
(Table	2.2).	The	principal	causes	of	anaemia	due	to	reduced	red	cell	production	in	neonates	are	shown	in
Table	2.3.

Table	2.2	Diagnostic	clues	to	red	cell	aplasia	in	neonates	with	anaemia

Low	reticulocytes) <20	×	109/l
Direct	Coombs	test Negative
Bilirubin Usually	normal
Blood	film Red	blood	cell	morphology	usually	normal



Table	2.3	Causes	of	failure	of	red	cell	production	in	neonates	with	anaemia

Red	cell	aplasia	and/or
dysplasia

Useful	diagnostic	tests

Parvovirus	B19	infection Blood	film:	disproportionate	lack	of	polychromasia	and	NRBC	(in	setting
of	low	Hb)
Maternal	parvovirus	B19	serology:	IgM	antibodies	during	pregnancy
indicates	in	utero	infection
Parvovirus	B19	DNA	(neonate	±	mother)

Diamond–Blackfan	anaemia Family	history
Exclude	parvovirus	B19	infection
Adenosine	deaminase	assay	(pretransfusion),	including	parents
Molecular	analysis	(ribosomal	protein	genes*),	including	parents
Bone	marrow	aspirate

Congenital	dyserythropoietic
anaemia

Family	history
Red	cell	indices	(MCV	usually	increased)
Red	cell	morphology	(macrocytosis	and	poikilocytosis)
Molecular	analysis	(known	CDA	genes)*	
Bone	marrow	aspirate	(characteristic	dyserythropoiesis)
Electron	microscopy	(bone	marrow	cells)

Mitochondrial	cytopathy:
Pearson	syndrome

Bone	marrow	aspirate	(vacuolation	of	erythroid	and	granulocytic
precursors)
Molecular	analysis	of	leucocytes	(mitochondrial	genome	sequencing)

*	If	molecular	analysis	is	readily	available	and	clinical	suspicion	is	high,	it	may	be	preferable	to	perform	the	bone	marrow	aspirate	after
molecular	analysis	as	this	may	allow	additional	tests	(e.g.	electron	microscopy	for	suspected	CDA)	to	be	performed	at	the	same	time.

CDA,	congenital	dyserythropoietic	anaemia;	DNA,	deoxyribonucleic	acid;	Hb	haemoglobin	concentration;	Ig,	immunoglobulin;	MCV,	mean	cell
volume;	NRBC,	nucleated	red	blood	cells.

Parvovirus	B19	and	fetal/neonatal	anaemia
Population	studies	indicate	that	25–50%	of	women	of	reproductive	age	remain	susceptible	to	parvovirus
B19.7	When	the	infection	occurs	in	pregnant	women	who	lack	immunity,	particularly	during	the	first	20
weeks	of	pregnancy,	severe	fetal	and/or	neonatal	anaemia	due	to	red	cell	aplasia	develops	in	up	to	one
third	of	affected	pregnancies.7	Although	the	majority	of	fetuses	are	unaffected,	it	is	important	to	recognise
that	parvovirus	B19	is	the	cause	of	6–7%	of	cases	of	nonimmune	hydrops	fetalis	and	is	the	commonest
infective	cause	of	this	condition.8,9	Typically,	the	affected	fetus	or	neonate	has	marked	reticulocytopenia
(often	<10	×	109/l)	and	in	severe	cases	thrombocytopenia	can	also	occur.5	The	red	blood	cells	are
morphologically	normal	and	an	important	diagnostic	clue	is	the	absence	of	polychromasia	and	circulating
nucleated	red	blood	cells	(NRBC)	despite	the	presence	of	severe	anaemia	(Fig.	2.1).	The	diagnosis	is
made	by	maternal	serology	and	demonstration	of	B19	DNA	in	the	fetus	or	neonate	by	dotblot
hybridisation	or	polymerase	chain	reaction	(PCR)	of	peripheral	blood	(bone	marrow	aspiration	for
morphology	and	parvovirus	B19	PCR	may	be	necessary	in	difficult	cases).9



Fig.	 2.1	 Blood	 film	 of	 a	 term	 neonate	 with	 anaemia	 due	 to	 parvovirus	 B19	 infection	 showing
normochromic	 normocytic	 red	 cells	with	 occasional	 schistocytes	 and	 an	 absence	 of	 polychromasia.	A
normal	neutrophil	is	also	shown.	May–Grünwald–Giemsa	(MGG),	×100.

Management	of	fetal	parvovirus	B19	infection	depends	on	the	severity	of	the	anaemia	and	whether	or	not
the	fetus	is	hydropic.	A	recent	systematic	review	and	metaanalysis	showed	that	the	presence	of	hydrops
was	the	main	determinant	of	mortality	and	adverse	perinatal	outcome.9	The	majority	of	hydropic	fetuses
were	treated	by	intrauterine	transfusion	(IUT)	whereas	this	was	only	used	as	treatment	for	approximately
26%	of	nonhydropic	fetuses.	 The	outcome	was	very	good	for	nonhydropic	fetuses,	with	an	 in	utero
mortality	rate	of	about	2%	and	no	neonatal	deaths.	However,	almost	25%	of	fetuses	who	presented	with
hydrops	due	to	parvovirus	B19	infection	died	despite	IUT,	the	majority	of	them	prior	to	delivery,	and	a
further	10%	had	a	poor	neurodevelopmental	outcome.	In	addition,	a	small	number	of	neonates	affected	by
intrauterine	parvovirus	B19	infection	develop	chronic	red	cell	aplasia,	with	or	without	evidence	of
persistent	B19	DNA	by	PCR.5	In	such	cases,	intravenous	immunoglobulin	(IVIg)	has	been	reported	to	be
effective	in	treating	the	anaemia	and	eradicating	persistent	viral	infection	in	some,10	but	not	all,	cases.11,12

Genetic	red	cell	aplasia	and	dysplasia
These	two	groups	of	conditions	differ	in	that	in	red	cell	aplasia	the	marrow	is	hypocellular	with	reduced
progenitor	cell	numbers,	whereas	in	dysplasia	erythropoiesis	is	active	but	ineffective	and	dysplastic.



Apart	from	DBA,	the	genetic	causes	of	congenital	red	cell	aplasia	and	dysplasia	are	extremely	rare.	They
include	congenital	dyserythropoietic	anaemia	(CDA)	and	Pearson	syndrome.	The	other	inherited	bone
marrow	failure	syndromes,	such	as	Fanconi	anaemia,	are	rarely	manifest	at	birth.	Similarly,	congenital
atransferrinaemia	nearly	always	presents	later	in	childhood	or	in	adulthood,	although	rare	cases
presenting	as	early	as	2	months	have	been	described.13	These	genetic	causes	of	congenital	red	cell
aplasia/dysplasia	can	normally	be	distinguished	from	each	other	through	a	combination	of	their	distinctive
bone	marrow	morphology,	family	history	and	the	presence,	or	not,	of	additional	congenital	anomalies.
However,	precise	diagnosis	increasingly	relies	on	targeted	or	whole	genome	sequencing	gene	panels	on
neonatal	and	parental	blood	samples.14,15

Diamond–Blackfan	anaemia

The	incidence	of	DBA	is	estimated	at	5–7	cases	per	million	live	births.16	DBA	has	a	clear	family	history
in	20%	of	cases	(autosomal	dominant	or	recessive)	and	appears	to	be	sporadic	in	the	remaining	80%.16	It
usually	presents	as	increasing	anaemia	over	the	first	few	weeks	or	months	of	life	but	approximately	25%
of	cases	present	with	anaemia	at	birth16,17	and	the	most	severe	cases	manifest	as	secondtrimester
anaemia	or	hydrops	fetalis.18,19	Around	40%	of	neonates	with	DBA	have	associated	congenital	anomalies,
particularly	craniofacial	dysmorphism,	neck	anomalies,	congenital	heart	disease,	urogenital	anomalies
and	thumb	malformations,	such	as	a	triphalangeal	thumb,	while	around	25%	have	intrauterine	growth
restriction	(IUGR).17	Several	of	these	anomalies	are	also	seen	in	Fanconi	anaemia.	However,	the
diagnosis	is	usually	clear	as	Fanconi	anaemia	very	rarely	presents	in	the	fetus	or	the	newborn	and	the
blood	count	usually	shows	pancytopenia	rather	than	anaemia.

Recent	studies	indicate	that	about	75%	of	cases	of	DBA	are	due	to	defects	in	the	synthesis	and	function	of
structural	ribosomal	proteins	(RP).	To	date,	heterozygous	mutations	in	19	different	genes	with	good
evidence	of	pathogenicity	have	been	reported	in	DBA	patients.14	The	majority	of	cases	are	associated
with	pathogenic	variants	in	RP	genes	that	encode	either	the	small	RP	subunit	(RPS7,	RPS10,	RPS17,
RPS19,	RPS24,	RPS26,	RPS27,	RPS28	and	RPS29)	or	the	large	RP	subunit	(RPL5,	RPL11,	RPL15,
RPL18,	RPL26,	RPL27,	RPL35	and	RPL35a).	RPS19	mutations	are	the	commonest	(25%	of	all	DBA).
Recently,	mutations	in	two	Xlinked	genes	( GATA1	and	TSR2)	have	also	been	shown	to	cause	DBA	in	a
small	proportion	of	patients.20,21	In	up	to	50%	of	patients,	the	molecular	basis	for	the	disease	has	proved
elusive,	even	after	using	a	targeted	panel	to	screen	all	80	RP	genes	for	mutations11	or	using	whole	exome
sequencing.22

The	blood	film	in	neonates	with	DBA	typically	shows	normochromic	red	cells	with	an	absence	of
polychromasia	and	nucleated	red	cells	despite	severe	anaemia	(Case	2.1,	see	page	88).	Reticulocytopenia
is	usually	severe	but	reticulocyte	counts	of	20–30	×	109/l	are	sometimes	seen.	These	findings	are	not
specific	for	DBA	but	if	investigations	exclude	parvovirus	B19	infection	and/or	if	there	are	typical	DBA
associated	congenital	anomalies	or	a	relevant	family	history,	neonates	with	persistent	anaemia	and	a	low
reticulocyte	count	should	have	specific	investigations	for	DBA.	These	include	molecular	testing	for	RP
gene	mutations	(many	laboratories	now	offer	next	generation	sequencing	for	DBA	diagnosis)	and/or	a
bone	marrow	examination,	which	will	demonstrate	the	lack	of	erythroid	precursors	characteristic	of	this
disease.	In	case	of	doubt,	or	where	molecular	testing	is	not	available,	measurement	of	red	cell	adenosine
deaminase	(ADA)	levels,	which	are	elevated	in	most	affected	patients,	may	be	useful.14,23

In	the	neonatal	period,	the	only	treatment	of	DBA	is	red	cell	transfusion,	although	corticosteroids	are	used
in	older	infants	and	children.23	DBA	is	almost	always	a	lifelong	condition	although	rare	spontaneous
remissions	later	in	childhood	or	in	adulthood	have	been	reported.	Bone	marrow	transplantation	is	the	only



longterm	curative	option	but	carries	a	significant	mortality	and	this	must	be	balanced	against	the
morbidity	of	lifelong	red	cell	transfusion	or	corticosteroids. 23

Pearson	syndrome
This	rare	condition	nearly	always	presents	within	a	few	days	or	weeks	of	birth.	It	is	caused	by	mutations
or	deletions	in	mitochondrial	DNA	and	presents	with	anaemia,	neutropenia,	thrombocytopenia	and	failure
to	thrive.24	Most	affected	neonates	have	low	birthweight	with	metabolic	acidosis	and	exocrine	pancreatic
deficiency;	abnormal	liver	and	renal	function	are	common.	The	bone	marrow	is	typically	hypercellular
with	erythroid	and	megakaryocyte	dysplasia	(Fig.	2.2),	including	micromegakaryocytes,	and	basophilic
stippling	in	erythroblasts	(Fig.	2.3).	The	most	useful	haematological	clue	to	the	diagnosis	is	the	highly
characteristic	vacuolation	of	early	erythroid	and	granulocytic	cells	in	the	marrow	aspirate	(Figs	2.2	and
2.4).	Vacuolated	dysplastic	normoblasts	and	neutrophils	can	also	be	seen	occasionally	in	peripheral
blood	films	(Figs	2.5	and	2.6).	Confirmation	of	the	diagnosis	requires	mitochondrial	genome	sequencing,
which	can	be	performed	very	rapidly	in	specialised	centres.	It	is	important	to	note	that	whole	exome
sequencing	may	miss	mitochondrial	gene	deletions.25	Interestingly,	some	reports	have	identified	large
mitochondrial	gene	deletions	in	a	small	subgroup	of	patients	considered	to	have	DBA.	 When	these
cases	were	reevaluated	they	were	found	to	be	cases	of	Pearson	syndrome	which	had	been	misdiagnosed
as	DBA.26	Unfortunately,	the	prognosis	for	children	with	this	condition	is	very	poor,	with	few	surviving
beyond	the	second	year	of	life.

Fig.	2.2	Bone	marrow	 film	of	 a	 neonate	with	Pearson	 syndrome	 showing	vacuolation	of	 erythroid	 and
myeloid	cells	and	a	dysplastic	megakaryocyte.	MGG,	×100.



Fig.	2.3	Basophilic	stippling	 in	a	bone	marrow	erythroblast	 (centre	 field)	 from	a	neonate	with	Pearson
syndrome.	MGG,	×100.



Fig.	2.4	Dyserythropoietic	erythroblasts	in	the	bone	marrow	of	a	neonate	with	Pearson	syndrome	showing
prominent	vacuolation	of	a	proerythroblast.	MGG,	×100.



Fig.	2.5	Peripheral	blood	film	of	a	neonate	with	Pearson	syndrome	showing	vacuolation	in	a	dysplastic
neutrophil.	MGG,	×100.



Fig.	2.6	Peripheral	blood	film	of	a	neonate	with	Pearson	syndrome	showing	a	dysplastic	neutrophil	with
vacuolation.	MGG,	×40

Congenital	dyserythropoietic	anaemias
Congenital	dyserythropoietic	anaemias	are	now	conventionally	classified	into	three	main	types	(I,	II	and
III)	with	additional	variant	types	of	CDA	that	do	not	conform	to	the	criteria	for	types	I–III	being
recognised	(reviewed	in	reference	27).	While	most	cases	of	CDA	present	during	childhood,	type	I,	II	and
some	variant	CDA	can	all	present	with	neonatal	anaemia	and/or	hydrops	fetalis	in	association	with	fetal
anaemia.28–31	Although	in	older	children	the	anaemia	is	typically	macrocytic,	the	blood	film	in	neonates
with	CDA	usually	shows	normocytic	red	cells	with	variable	anisopoikilocytosis	(Fig.	2.7;	Case	2.2,	see
page	90).	The	peripheral	blood	findings	are	nonspecific	and	often	the	most	notable	feature	is	the
relative	absence	of	polychromasia	despite	moderate	or	even	severe	anaemia.	The	bone	marrow	aspirate
shows	increased	erythropoiesis	with	varying	degrees	–	depending	on	the	type	of	CDA	–	of
dyserythropoiesis,	including	megaloblastic	changes,	binucleate	or	multinucleate	erythroblasts,
internuclear	chromatin	bridges,	nuclear	irregularity	and	pale	staining	chromatin.	Diagnosis	on	the	basis	of
morphology	alone	is	unreliable	except	in	very	experienced	hands	and	molecular	analysis,	with	or	without
electron	microscopy,	is	essential	for	genetic	counselling	and	planning	treatment.3	Next	generation
sequencing	is	increasingly	used	to	make	a	definitive	diagnosis.32



Fig.	 2.7	 Congenital	 dyserythropoietic	 anaemia	 (CDA):	 (a)	 blood	 film	 of	 a	 term	 neonate	 with	 CDA
showing	normochromic	red	cells	with	anisopoikilocytosis	(note	the	absence	of	polychromasia);	(b)	bone
marrow	 film	of	 the	 same	child	 at	 age	3	months	 showing	cytoplasmic	bridging	between	 two	basophilic
normoblasts	and	a	normoblast	with	a	dumbbellshaped	nucleus.	 MGG,	×100.

Most	cases	of	CDA	type	I	are	autosomal	recessive	and	caused	by	biallelic	mutations	of	either	the
CDAN1	gene	or	the	CDIN1	(C15orf41)	gene,	although	the	genetic	basis	for	occasional	cases	remains
unknown.32	CDA	type	I	is	not	usually	diagnosed	in	the	neonatal	period.	However,	as	retrospective	series
suggest	that	anaemia	and	jaundice	are	common	in	neonates	subsequently	diagnosed	with	the	condition,
CDA	type	I	should	be	considered	in	the	differential	diagnosis	of	unexplained,	persistent	neonatal
anaemia.33	CDA	type	I	also	occasionally	presents	with	severe	anaemia	in	utero	and	should	be	considered
in	the	differential	diagnosis	of	unexplained	hydrops	fetalis.34–36	Some	patients	have	nail	or	skeletal
abnormalities,	particularly	syndactyly	of	the	fingers	or	toes	which	may	provide	a	useful	clue	to	the
diagnosis.37	The	characteristic	haematological	features	of	CDA	type	I	are	macrocytic	anaemia	together
with	the	presence	of	binucleate	macrocytic	erythroblasts	and	internuclear	bridging	in	the	bone	marrow.32
Despite	the	severity	of	the	anaemia	in	the	neonatal	period,	the	majority	of	infants	become	transfusion
independent	by	the	age	of	4	months.33

CDA	type	II	is	an	autosomal	recessive	anaemia	caused	by	biallelic	mutations	in	the	 SEC23B	gene.	The
anaemia	is	typically	normocytic	with	a	hypercellular	bone	marrow	containing	bi	and	multinucleated
erythroblasts.38	Approximately	60%	of	patients	have	anaemia	and	jaundice	in	the	neonatal	period,
although	the	diagnosis	is	often	unclear	until	later	in	childhood,	and	almost	half	of	affected	individuals
have	a	history	of	neonatal	red	cell	transfusion.38	Occasional	cases	of	severe	fetal	anaemia	and	hydrops
have	been	reported.28,39	The	severity	of	CDA	type	II	varies	from	lifelong	transfusion	dependence	(in
about	20%	of	cases)	to	asymptomatic	disease.38

CDA	type	III,	which	is	very	rare,	is	characterised	by	moderate	to	severe	macrocytic	anaemia	and	marked
erythroblast	multinuclearity	on	bone	marrow	examination.	This	type	of	CDA	has	not	been	reported	to
present	in	neonates.	CDA	type	III	is	caused	by	biallelic	mutations	in	the	 KIF23	gene.27

Several	variant	forms	of	CDA	have	also	been	described,	some	of	which	present	in	fetal	or	neonatal	life.
These	include	an	Xlinked	syndrome	of	severe	anaemia	and	thrombocytopenia	due	to	somatic	mutations
in	the	GATA1	transcription	factor	gene40	and	a	severe	anaemia	presenting	in	fetal	or	neonatal	life	due	to



biallelic	mutations	in	the	 KLF1	gene.31,41	Although	the	majority	of	affected	individuals	with	biallelic
KLF1	mutations	present	with	severe	normocytic	anaemia	and	jaundice	at	or	before	birth,	occasional
patients	with	milder	disease	do	not	present	until	adulthood.31	Despite	the	severity	of	the	fetal/neonatal
anaemia,	only	occasional	neonates	with	biallelic	 KLF1	mutations	remain	transfusiondependent. 31,42

Variant	forms	of	CDA	may	also	present	with	neonatal	anaemia	in	conjunction	with	other	syndromic
features,	including	mutations	in	MVK,	the	mevalonate	kinase	gene,43	mutations	in	COX4I2,	encoding	a
component	of	the	cytochrome	c	oxidase	complex,44	and	mutations	in	the	VPS4A	gene	which	predominantly
cause	severe	neurodevelopmental	delay.45

Neonatal	anaemia	due	to	increased	red	cell	destruction
Haemolysis	is	the	commonest	cause	of	anaemia	in	term	babies	and	second	only	to	anaemia	of	prematurity
in	preterm	babies.	The	presence	of	haemolysis	is	an	important	sign	because,	even	if	mild	or	transient,	this
may	be	the	first	evidence	of	a	more	serious	disorder	that	would	otherwise	be	manifest	later	in	infancy	or
childhood	(e.g.	red	cell	enzymopathies).	In	addition,	there	may	be	implications	for	future	siblings	(e.g.
haemolytic	disease	of	the	fetus	and	newborn	[HDFN]).	Initial	investigations	of	suspected	haemolysis	in	a
neonate	should	include	a	full	blood	count,	a	blood	film,	a	reticulocyte	count	and	a	Coombs	test.

The	main	diagnostic	clues	suggesting	a	haemolytic	anaemia	are	increased	numbers	of	reticulocytes	and/or
circulating	nucleated	red	cells,	unconjugated	hyperbilirubinaemia	and	a	positive	Coombs	test	(since	this
is	only	positive	in	cases	of	immune	haemolytic	anaemia)	(Table	2.4).	In	most	cases	there	are	also
characteristic	changes	in	the	morphology	of	the	red	cells	in	a	blood	film	(e.g.	spherocytes	in	hereditary
spherocytosis;	see	Fig.	2.13).	The	main	cause	of	immune	haemolytic	anaemia	is	HDFN	(Table	2.5).
Maternal	autoimmune	haemolytic	anaemia	(AIHA)	may	also	cause	a	positive	Coombs	test	in	the	neonate
but	clinical	evidence	of	haemolysis	or	anaemia	in	the	baby	is	unusual	in	this	situation.	The	main	causes	of
nonimmune	neonatal	haemolysis	are	red	cell	membrane	disorders	and	red	cell	enzymopathies	(see
Table	2.5).	Occasionally,	neonatal	anaemia	occurs	in	haemoglobinopathies,	and	haemolysis	is	one	of	the
causative	factors	(see	below).	A	number	of	congenital	and	nosocomial	infections	can	also	cause	neonatal
haemolytic	anaemia	including	CMV,	toxoplasmosis,	congenital	syphilis,	rubella,	herpes	simplex	and
malaria.	Although	simple	investigations	are	often	sufficient	to	identify	the	cause	of	haemolysis	in	a
neonate,	rarer	disorders	require	specialist	investigations,	including	next	generation	sequencing.

Immune	haemolysis,	including	haemolytic	disease	of	the	fetus	and	newborn
Haemolytic	disease	of	the	fetus	and	newborn	results	from	maternal	alloantibodies	against	paternally
derived	fetal	red	cell	antigens	crossing	the	placenta	and	binding	to	the	fetal	red	cells,	causing	haemolysis
and	anaemia.	Overall,	recent	estimates	indicate	that	up	to	1	in	600	pregnancies	is	affected	by	maternal	red
cell	alloimmunisation.46	The	principal	alloantibodies	causing	HDFN	are	those	against	ABO	blood	group
antigens	(antiA,	antiB),	Rh	antigens	(antiD,	antic	or	antiE),	Kell	antigens	(mainly	antiK),
Kidd	antigens	(antiJk a	or	antiJk b),	Duffy	antigens	(antiFy a)	and	antigens	of	the	MNS	blood	group
system	(including	antiU).	 ABO	HDFN	due	to	antiA	or	antiB	antibodies	is	the	most	common	type	of
immune	haemolytic	disease	in	the	perinatal	period	but	is	usually	a	fairly	mild	disease.47	In	contrast,	anti
D	is	the	most	frequent	alloantibody	that	causes	severe	haemolytic	anaemia,	affecting	1	in	1000
pregnancies	even	in	countries	where	routine	antenatal	and	postnatal	antiD	prophylaxis	has	been	widely
implemented.48	AntiK	antibodies	are	less	common	but	can	cause	severe	fetal	and	neonatal	anaemia
because	they	inhibit	erythropoiesis	as	well	as	causing	haemolysis.49



Table	2.4	Diagnostic	clues	to	haemolysis	in	neonates	with	anaemia	and/or	jaundice

Increased	reticulocyte
count

Usually	>150	×	109/l

Direct	Coombs	test Positive	if	immune
Jaundice Unconjugated	hyperbilirubinaemia
Blood	film Red	blood	cell	morphology	usually	abnormal	and	provides	helpful	guide	to

likely	diagnosis
Family	history	and	ethnic
origin

Often	useful,	including	history	of	jaundice,	anaemia,	splenectomy,
transfusions	or	gallstones

Table	2.5	Causes	of	neonatal	haemolytic	anaemias

Causes	of	haemolysis	in	neonates	with	anaemia Useful	diagnostic	tests
Immune	–	haemolytic	disease	of	the	newborn Coombs	test

Blood	group	of	mother	and	baby
Neonatal	blood	film	(spherocytes,
polychromasia)
Maternal	red	cell	antibody	screen
Maternal	immune	(IgG)	antiA/antiB	(if	ABO
haemolytic	disease	suspected)
Eluate	of	antibody	from	neonatal	red	cells

Red	cell	membrane	disorders Neonatal	blood	film
Parental	FBC,	reticulocyte	count	and	blood	films
EMA	dyebinding	test	(largely	replaced	osmotic
fragility	testing)
Molecular	analysis	for	pathogenic	variants	in
genes	known	to	cause	primary	red	cell	membrane
disorders	(e.g.	SPTA1,	SPTB,	EPB41)

Red	cell	enzymopathies Neonatal	blood	film
Parental	FBC,	reticulocyte	count	and	blood	films
G6PD	enzyme	activity	assay
PK	enzyme	activity	assay	(helpful	to	assay	levels
in	parental	samples	at	the	same	time)
Molecular	analysis	for	pathogenic	variants	in
genes	known	to	cause	red	cell	enzymopathies	(e.g.
PKLR,	GPI)

Haemoglobinopathies Neonatal	blood	film
HPLC
Family	studies	if	results	difficult	to	interpret
Consider	mass	spectrometry	or	molecular
analysis	of	globin	genes	if	haemoglobinopathy
strongly	suspected	but	no	diagnosis	on	HPLC	(e.g.
unstable	haemoglobin)

Other	inherited	disorders,	e.g.	congenital	thrombotic Neonatal	blood	film



thrombocytopenic	purpura,	congenital	haemolytic
uraemic	syndrome

Plasma	ADAMTS13	activity	assay
Molecular	analysis	for	pathogenic	variants	in
genes	known	to	cause	congenital	TTP
(ADAMTS13)	or	HUS	(cobalamin	C)

Infections	associated	with	neonatal	haemolysis Blood	film
Microbiological	tests	for	neonatal	bacterial
infection	or	congenital	bacterial,	viral	or	parasitic
infection	
Cytomegalovirus
Disseminated	herpesvirus
Adenovirus
Rubella*
Syphilis
Malaria
Toxoplasmosis

Microangiopathic,	e.g.	Kaposiform
haemangioendothelioma	with	or	without	Kasabach–
Merritt	phenomenon;	vascular	anomalies	(renal	artery
stenosis,	coarctation	of	the	aorta)

Blood	count	and	coagulation	screen	to	look	for
consumptive	coagulopathy
Blood	film
Imaging

*	Equivocal	evidence	to	support	haemolysis	as	a	cause	of	anaemia.
EMA,	eosin5maleimide;	FBC,	full	blood	count;	G6PD,	glucose6phosphate;	HPLC,	high	performance	liquid	chromatography;	HUS,
haemolytic	uraemic	syndrome;	Ig,	immunoglobulin:	PK,	pyruvate	kinase;	TTP,	thrombotic	thrombocytopenic	purpura.

ABO	haemolytic	disease	of	the	fetus	and	newborn
This	condition	is	almost	always	confined	to	offspring	of	women	of	blood	group	O	or	A2	who	are	group	A
or	group	B.	In	recent	years,	several	cases	of	unanticipated	ABO	HDFN	have	arisen	in	neonates	born	to
surrogate	mothers,	for	example	in	a	baby	of	blood	group	AB	who	was	born	to	a	group	O	surrogate	mother
and	whose	biological	mother	was	group	B.50	ABO	alloimmunisation	of	the	fetus	is	confined	to	the	1%	of
group	O	women	who	have	hightitre	immunoglobulin	G	(IgG)	antibodies.	 In	contrast	to	HDFN	due	to
other	red	cell	antibodies,	ABO	HDFN	frequently	occurs	during	a	first	pregnancy	and	the	recurrence	rate
in	subsequent	pregnancies	is	very	high	(almost	90%).51	In	infants	of	European	ancestry,	haemolysis	due	to
antiA	is	more	common	(1	in	150	births)	than	that	due	to	antiB,	which	is	more	common	in	infants	of
African	ancestry.52	In	contrast	to	cases	due	to	Rh	antibodies,	where	anaemia	usually	accompanies
jaundice,	ABO	haemolysis	is	usually	characterised	by	hyperbilirubinaemia	without	significant	anaemia.
Several	case	reports,	as	well	as	personal	experience,	suggest	that	haemolysis	due	to	antiB	tends	to	be
more	severe	than	that	due	to	antiA	and	may	even	cause	hydrops	fetalis 53,54	(Case	2.3,	see	page	93).	The
blood	film	in	ABO	haemolytic	disease	characteristically	shows	very	large	numbers	of	spherocytes	with
little	or	no	increase	in	NRBC	(Figs	2.8	and	2.9)	(Table	2.6).



Fig.	2.8	Typical	 blood	 film	of	 a	 term	neonate	with	ABO	haemolytic	 disease	 of	 the	 fetus	 and	newborn
(HDFN)	 showing	 large	 numbers	 of	 spherocytes.	 Note	 that	 no	 nucleated	 red	 blood	 cells	 (NRBC)	 are
visible	in	this	image	and	very	few	were	seen	on	other	fields.	MGG,	×40.



Fig.	2.9	Blood	film	of	a	preterm	neonate	with	ABO	HDFN	showing	large	numbers	of	spherocytes	as	well
as	some	macrocytes,	echinocytes	and	polychromasia	(note	the	absence	of	NRBC).	MGG,	×100.

Table	2.6	Laboratory	features	of	ABO	and	Rh	haemolytic	disease	of	the	fetus	and	newborn

ABO Rh
Haemoglobin
concentration

Usually	normal Usually	reduced	and	falls	rapidly	in	first	few
hours	or	days

Coombs	test Occasionally	negative Always	positive
Reticulocytes Usually	increased Usually	increased
Erythroblastosis Uncommon Nearly	always
Spherocytes Easily	seen	on	blood	films	in	very

large	numbers
Often	inconspicuous

Causative
antibodies

AntiA	(usually	mild)
AntiB	(sometimes	severe)

AntiD	(often	severe)
Antic	(often	severe)
AntiC
AntiE



Rh	haemolytic	disease	of	the	fetus	and	newborn

Rh	haemolytic	disease	of	the	fetus	and	newborn	remains	the	most	common	cause	of	severe	disease.55	In
neonates,	Rh	HDFN	presents	with	earlyonset,	rapidly	worsening	jaundice	together	with	progressive
anaemia.	In	severe	cases	there	is	hepatosplenomegaly.	Occasionally,	affected	neonates	develop
widespread	skin	deposits	due	to	extramedullary	haemopoiesis,	giving	an	appearance	described	as
‘blueberry	muffin’	baby,56	although	this	finding	is	not	specific	to	Rh	HDFN	as	it	is	also	seen	in	other
conditions	with	extramedullary	haemopoiesis,	such	as	congenital	leukaemia	(see	Figs	3.26	and	3.28).	In
contrast	to	ABO	HDFN,	the	blood	film	in	Rh	HDFN	typically	shows	marked	polychromasia	due	to
reticulocytosis,	large	numbers	of	circulating	erythroblasts,	which	are	often	dyserythropoietic,	and
variable	numbers	of	spherocytes	(Figs	2.10–2.12)	(see	Table	2.6).	In	the	most	severe	cases,	Rh	HDFN,
presents	in	utero	with	rapidly	progressive	anaemia	and	hydrops	fetalis.52

Fig.	2.10	Blood	film	of	a	term	neonate	with	severe	Rh	HDFN	showing	large	numbers	of	NRBC,	including
two	early	normoblasts,	polychromasia	and	some	spherocytes	(compare	with	Fig.	2.8).	MGG,	×40.



Fig.	 2.11	 Blood	 film	 of	 a	 preterm	 neonate	 with	 Rh	 HDFN	 showing	 large	 numbers	 of	 erythroblasts,
including	 several	 dyserythropoietic	 cells,	 and	 marked	 polychromasia	 (note	 the	 lower	 frequency	 of
spherocytes	compared	with	ABO	HDFN).	MGG,	×100.



Fig.	2.12	 Blood	 film	 of	 a	 term	 baby	with	 severe	Rh	HDFN	 showing	 dyserythropoietic	NRBC.	MGG,
×100.

Management	of	haemolytic	disease	of	the	fetus	and	newborn
Effective	management	of	pregnancies	affected	by	red	cell	alloimmunisation	relies	on	close	cooperation
between	obstetric,	neonatal	and	haematology	teams	and	many	countries	have	developed	national
guidelines	to	ensure	best	practice	for	management	of	the	fetus	and	the	neonate.57–59	For	fetuses	at	risk,
monitoring	to	assess	the	degree	of	anaemia	using	cerebral	middle	cerebral	artery	(MCA)	Doppler
velocity	measurements	is	typically	performed	every	1–2	weeks.	Once	anaemia	is	suspected,	based	on
increasing	MCA	velocity,	invasive	testing	via	cordocentesis	is	performed	to	obtain	an	accurate	measure
of	the	fetal	Hb/haematocrit,	and	IUT	and/or	delivery	is	planned,	depending	on	the	gestation,	previous
history	and	fetal	wellbeing.52,59

All	neonates	at	risk	should	have	cord	blood	taken	for	measurement	of	Hb	and	bilirubin	and	a	Coombs	test,
and	should	remain	in	hospital	or	under	close	outpatient	supervision	until	hyperbilirubinaemia	and/or
anaemia	have	been	properly	managed.57–59	Neonates	with	haemolysis	due	to	Rh	HDFN	should	receive
phototherapy	from	birth,	because	the	bilirubin	can	rise	steeply;	this	avoids	the	need	for	exchange
transfusion	in	some	infants.	In	haemolytic	disease	due	to	antiK,	anaemia	is	usually	more	prominent	than
jaundice	and	only	minimal	phototherapy	may	be	necessary	despite	severe	anaemia.60	ABO	HDFN	usually
just	requires	phototherapy,	as	significant	anaemia	is	uncommon.

The	indications	for	exchange	transfusion	in	HDFN	are:

severe	anaemia	(Hb	<100	g/l	at	birth);	and/or



severe	or	rapidly	increasing	hyperbilirubinaemia.61

Irradiated	blood	must	be	used	for	infants	who	have	previously	received	IUT,	to	prevent	the	risk	of
transfusionassociated	graftversushost	disease	(TAGvHD).	 IVIg	has	been	used	to	reduce	the	need
for	exchange	transfusion	but	the	value	of	this	approach	remains	to	be	proven	in	clinical	trials.62	Neonates
with	haemolytic	disease	due	to	antiRh	antibodies	may	develop	‘late’	anaemia	at	a	few	weeks	of	age,
requiring	‘topup’	transfusion.	 Late	anaemia	occurs	particularly	in	neonates	who	have	received	one	or
more	IUTs.63	This	is	seen	both	in	HDFN	due	to	antiD	and	that	due	to	antiK	and	is	attributable,	at	least
in	part,	to	suppression	by	transfusion	of	the	anaemiainduced	compensatory	increase	in	erythropoiesis 64

and	possibly	also	by	red	cell	alloantibodies	present	in	maternal	breast	milk.65	Although	recombinant	EPO
has	been	reported	to	reduce	the	need	for	topup	transfusion	for	late	anaemia,	it	is	not	effective	when
haemolysis	is	brisk	and	there	are	no	data	from	randomised	trials	to	support	the	routine	use	of	EPO	in	this
situation.66	Folic	acid	(500	μg/kg	daily)	should	be	given	to	all	babies	with	haemolysis	at	least	until	they
reach	3	months	of	age,60	but	iron	supplementation	is	unnecessary	as	the	vast	majority	of	neonates	with	red
cell	alloimmunisation	have	iron	overload	at	birth.67

Neonatal	haemolytic	anaemia	due	to	red	cell	membrane	disorders
A	number	of	genetic	red	cell	membrane	disorders	can	present	in	the	neonatal	period	with	haemolytic
anaemia	(Table	2.7).	In	neonates,	haemolysis	due	to	a	red	cell	membrane	disorder	usually	presents	with
jaundice,	with	or	without	anaemia,	and	the	blood	film	shows	abnormal	red	cell	morphology.	The	changes
in	red	cell	morphology	are	often	very	characteristic	and	allow	a	provisional	diagnosis	to	be	made	simply
by	reviewing	the	blood	film.	As	for	other	genetic	red	cell	disorders,	the	family	history	is	usually
extremely	useful.	In	the	majority	of	cases,	it	is	possible	to	elicit	a	history	of	neonatal	jaundice	or	anaemia
in	several	generations	of	close	family	members	or	sometimes	of	splenectomy	or	cholecystectomy	during
childhood	or	early	adulthood.	A	summary	of	the	main	features	of	red	cell	membrane	disorders	presenting
with	anaemia	and/or	jaundice	is	shown	in	Table	2.7.	It	is	important	to	note	that	occasional	cases	of
coinheritance	of	a	red	cell	membrane	disorder	with	a	genetic	defect	in	bilirubin	metabolism,	such	as
Gilbert	syndrome,	may	have	very	severe	hyperbilirubinaemia	in	the	neonatal	period.68

The	main	clues	to	the	type	of	red	cell	membrane	disorder	are	the	family	history	and	the	characteristic
shape	of	the	red	cells	in	a	blood	film.	Many	of	the	classical	biochemical	and	functional	tests	used	for	the
diagnosis	of	red	cell	membrane	disorders,	such	as	red	cell	membrane	electrophoresis	and	osmotic
fragility,	have	largely	been	replaced	by	molecular	analysis	using	next	generation	sequencing,	which	is
generally	much	more	precise.	However,	newer	functional	tests,	such	as	flow	cytometric	analysis	of
eosin5maleimide	(EMA)	dye	binding	or	osmotic	gradient	ektacytometry,	still	play	an	important	role,
especially	in	cases	where	the	pathogenicity	of	newly	identified	molecular	variants	in	red	cell	membrane
genes	is	uncertain.369–71

Hereditary	spherocytosis
Hereditary	spherocytosis	is	the	most	common	of	the	red	cell	membrane	disorders	causing	symptomatic
anaemia,	affecting	1	in	2000	to	1	in	5000	live	births	to	parents	of	northern	European	extraction.72	The
disorder	is	caused	by	mutations	in	one	or	more	of	five	genes	that	encode	red	cell	cytoskeleton	and
transmembrane	proteins:	α	spectrin	(SPTA1),	β	spectrin	(SPTB),	ankyrin1	( ANK1),	band	3	anion
transport	protein	(SLC4A1)	and	erythrocyte	membrane	protein	band	4.2	(EPB42)	(reviewed	in	reference
70).	In	75%	of	families,	hereditary	spherocytosis	is	inherited	in	an	autosomal	dominant	fashion.	In	the
remaining	cases,	inheritance	is	nondominant	and	there	is	usually	no	family	history,	either	because	of



autosomal	recessive	inheritance	or	because	of	the	presence	of	a	de	novo	autosomal	dominant	mutation.
Autosomal	recessive	hereditary	spherocytosis	can	be	caused	by	biallelic	mutations	in	any	of	the	five
membrane	genes,	whereas	autosomal	dominant	disease	is	seen	only	for	mutations	in	SPTB,	ANK1	and
SLC4A1	(Table	2.8).73	The	autosomal	recessive	forms	of	hereditary	spherocytosis	are	typically	very
severe,	presenting	as	hydrops	fetalis	or	severe	neonatal	haemolytic	anaemia	(see	Table	2.7).74–76



Table	2.7	Red	cell	membrane	disorders	presenting	with	anaemia	and/or	jaundice	in	the	neonatal	period

Condition Diagnostic	clues	and	useful	tests
Hereditary	spherocytosis
Autosomal	dominant
hereditary	spherocytosis

Spherocytosis	with	negative	Coombs	test	and/or	maternal	blood	Group	A,
B	or	AB
Usually	a	strong	family	history	–	of	HS,	gallstones	and/or	neonatal
jaundice	or	anaemia
Relatively	common	(1	in	2000–5000	in	White	Europeans)

Autosomal	recessive
hereditary	spherocytosis

Presents	with	severe	neonatal	anaemia	and/or	hydrops	fetalis
Usually	no	family	history	of	anaemia	or	jaundice
Some	patients	with	biallelic	 SLC4A1	mutations	have	renal	tubular
acidosis

Hereditary	elliptocytosis
Hereditary
pyropoikilocytosis

Anaemia	usually	marked	in	neonatal	period
Due	to	microspherocytes	and	other	schistocytes,	the	MCV	is	typically
very	low	(<70	fl)	and	platelet	counts	may	be	artefactually	high
Homozygous/compound	heterozygous	for	α	spectrin	variants
Often	no	family	history	but	one	or	both	parents	usually	have	blood	film
typical	of	HE

Hereditary	elliptocytosis
with	infantile	poikilocytosis

Elliptocytosis	with	marked	poikilocytosis	and	anaemia	(Hb	is	normal	in
typical	common	HE)
Heterozygous	for	an	HE	α	spectrin	variant	common	in	Black	Africans
Often	no	family	history	but	one	parent	usually	has	blood	films	typical	of
HE

Southeast	Asian	ovalocytosis
Southeast	Asian	ovalocytosis Blood	film	shows	stomatocytosis	with	a	population	of	macroovalocytes

Caused	by	heterozygous	mutations	in	SLC4A1	
Jaundice	common
Mild	(or	no)	anaemia;	often	have	increased	MCH
Family	history,	including	origin	from	areas	where	the	disease	is	prevalent
(e.g.	Thailand)

Hereditary	stomatocytosis
Overhydrated	hereditary
stomatocytosis

May	present	with	hydrops	fetalis
MCHC	may	be	decreased	or	normal
Blood	film	shows	stomatocytes
Pseudohyperkalaemia	(when	sample	stored	at	4°C	overnight)

Hb,	haemoglobin	concentration;	HE,	hereditary	elliptocytosis;	HS,	hereditary	spherocytosis;	MCH,	mean	cell	haemoglobin;	MCHC,	mean	cell
haemoglobin	concentration;	MCV,	mean	cell	volume.



Table	 2.8	 Genes	 mutated	 in	 autosomal	 recessive	 and	 autosomal	 dominant	 or	 sporadic	 hereditary
spherocytosis	(HS)

Gene	mutated	in
HS

Proportion	of	cases	of
HS*

Autosomal	recessive
HS

Autosomal	dominant	or
sporadic	HS

Alpha	spectrin
(SPTA1)

<5% Yes No

Beta	spectrin
(SPTB)

15–30% Yes Yes

Ankyrin1	( ANK1) 30–60% Yes Yes
Band	3	(SLC4A1) 20–30% Yes Yes
Band	4.2	(EPB42) <5% Yes No
*	Proportion	of	cases	in	Europe	and	the	USA;	these	frequencies	are	very	different	in	the	Japanese	population,	where	45–50%	of	HS	cases
are	due	to	mutations	in	EPB42.

Data	summarised	from	reference	73.
HS,	hereditary	spherocytosis.

Most	neonates	with	hereditary	spherocytosis	will	have	jaundice,	although	this	is	not	usually	severe	and	is
easily	controlled	with	phototherapy.	However,	neonates	with	hereditary	spherocytosis	who	coinherit	the
trait	for	Gilbert	syndrome,	a	common	polymorphism	in	the	promoter	region	of	the	uridine	diphosphate–
glucuronosyltransferase	gene	(UGT1A1),	often	develop	severe	jaundice	and	may	need	exchange
transfusion	to	prevent	the	development	of	kernicterus.77,78	The	Hb	in	hereditary	spherocytosis	is	usually
normal	at	birth	but	around	onethird	of	neonates	will	develop	significant	anaemia	in	the	neonatal
period.79	The	anaemia	is	usually	moderate	(70–100	g/l).

The	diagnosis	of	hereditary	spherocytosis	may	be	made	from	the	neonatal	blood	film	alone	where	the
family	history	is	known,	the	film	is	good	quality	and	other	causes	of	spherocytosis	have	been	excluded.
Typically,	the	blood	film	in	neonates	with	hereditary	spherocytosis	shows	spherocytes	with	little	or	no
polychromasia	(Figs	2.13	and	2.14).	Only	onethird	of	neonates	with	hereditary	spherocytosis	will	have
a	reticulocyte	count	of	>10%	and	circulating	NRBC	are	not	usually	increased	unless	there	is	moderate	or
severe	anaemia.80	The	diagnosis	of	hereditary	spherocytosis	is	sometimes	difficult	in	neonates,	especially
in	milder	cases,	because	low	numbers	of	spherocytes	may	be	seen	in	healthy	babies	for	the	first	few
weeks	of	life.	In	addition,	the	blood	film	typically	has	an	appearance	identical	to	that	of	ABO	HDFN	(see
Fig.	2.14b).	Although	the	Coombs	test	is	nearly	always	positive	in	ABO	HDFN,	occasional	neonates	will
have	both	hereditary	spherocytosis	and	ABO	incompatibility.	For	these	reasons,	it	is	advisable	to	confirm
suspected	cases	of	hereditary	spherocytosis.	The	most	reliable	and	widely	used	method,	which	has	been
extensively	validated	in	neonatal	samples,	is	the	EMA	binding	test.	This	is	a	rapid,	flow	cytometry
based	test	that	measures	the	uptake	of	the	fluorescent	EMA	by	band	3	in	the	red	cell	membrane.	Reduced
EMA	dye	binding	is	a	very	sensitive	and	specific	screening	test	for	certain	red	cell	membrane	defects,
which	is	positive	in	about	90%	of	cases	of	hereditary	spherocytosis,	including	neonates.81,82	In	most	cases
no	other	diagnostic	tests	will	be	required.	However,	in	difficult	cases,	for	example	where	the	clinical
features	are	atypical	and/or	the	family	history	is	either	unavailable	or	does	not	fit	the	clinical	picture,
further	investigations	should	be	considered,	including	next	generation	sequencing.70



Fig.	2.13	Blood	 film	of	 a	neonate	with	hereditary	 spherocytosis	 showing	 spherocytes	 and	one	button
mushroom	poikilocyte.	MGG,	×50.

Fig.	 2.14	 (a)	 Blood	 film	 of	 a	 neonate	 with	 hereditary	 spherocytosis	 showing	 moderate	 numbers	 of
spherocytes	(note	the	absence	of	polychromasia	and	NRBC	in	this	case	where	the	haemolysis	was	very
mild).	MGG,	×100.	(b)	Blood	film	of	a	neonate	with	ABO	HDFN	showing	almost	identical	appearance
with	moderate	numbers	of	spherocytes.	MGG,	×100.

The	management	of	hereditary	spherocytosis	depends	on	the	severity	of	the	anaemia	and	the	jaundice.	For



those	neonates	that	do	develop	anaemia,	up	to	75%	will	require	one	or	two	transfusions	during	the
neonatal	period	before	a	transfusionfree	plateau	Hb	of	80–100	g/l	is	achieved	after	several	months. 79

Jaundice	is	normally	readily	controlled	by	phototherapy	and	exchange	transfusion	is	rarely	required.
Folic	acid	supplementation	(500	μg/kg	daily)	is	recommended	for	all	affected	infants	with	evidence	of
chronic	haemolysis.	The	majority	of	children	and	adults	with	hereditary	spherocytosis	are	not
transfusiondependent.	 However,	chronic	haemolysis,	even	when	mild,	predisposes	these	patients	to	a
number	of	longterm	complications	including	gallstones,	splenomegaly,	leg	ulcers,	parvovirus
associated	red	cell	aplastic	crisis	and	episodic	acute	anaemia	due	to	haemolytic	crises,	usually	provoked
by	infection	(reviewed	in	detail	in	reference	73).

Hereditary	elliptocytosis	and	hereditary	pyropoikilocytosis
These	disorders	are	caused	by	autosomal	dominant	mutations	in	the	genes	encoding	α	or	β	spectrin
(SPTA1,	SPTB)	or	erythrocyte	membrane	protein	band	4.1	(EPB41).70	The	prevalence	of	hereditary
elliptocytosis	has	been	estimated	at	1	in	2000	to	1	in	4000	of	the	population	but	this	varies	considerably
in	different	parts	of	the	world.73	For	example,	hereditary	elliptocytosis	is	more	common	in	areas	of
endemic	malaria,	particularly	in	people	of	African	and	Mediterranean	origin.83

The	clinical	manifestations	of	hereditary	elliptocytosis	and	related	syndromes	are	complex	in	that	at	least
three	different	types	of	disease	manifestation	are	recognised;	any	of	these	may	present	in	the	neonatal
period.	The	most	frequent	presentation,	particularly	in	neonates	of	African	descent,	is	common	hereditary
elliptocytosis,	an	autosomal	dominant	condition	which	rarely	has	any	clinical	manifestations	apart	from
the	presence	of	elliptocytes	in	the	blood	film.	The	diagnosis	in	the	neonatal	period	is	therefore	made	as	an
incidental	finding	when	a	blood	film	is	reviewed	for	another	reason,	such	as	screening	for	the	presence	of
infection.	No	further	investigations	or	haematological	followup	are	necessary	and	folate
supplementation	is	not	indicated.

The	more	severe	forms	of	hereditary	elliptocytosis	are	summarised	in	Table	2.7.	Neonates	who	are
homozygous	or	compound	heterozygous	for	hereditary	elliptocytosis	mutations	have	severe,	transfusion
dependent	haemolytic	anaemia	that	presents	in	fetal	life	or	within	a	few	days	of	birth.	Almost	all	of	these
neonates	have	hereditary	pyropoikilocytosis	(HPP),	which	is	typically	caused	by	biallelic	(homozygous
or	compound	heterozygous)	variants,	especially	in	SPTA1,	that	disrupt	spectrin	selfassociation. 84,85

Rare	cases	of	HPP	caused	by	biallelic	 SPTB	mutations86	or	digenic	inheritance	of	SPTA1	and	SPTB
mutations	have	been	reported.85,87,88

Hereditary	pyropoikilocytosis	is	the	most	common	form	of	severe	hereditary	elliptocytosis.	It	presents	in
the	neonatal	period	with	marked,	persistent	transfusiondependent	haemolytic	anaemia.	 The	diagnosis	is
usually	easily	made	from	the	low	mean	cell	volume	(MCV),	which	may	be	as	low	as	25	fl,	and	the	blood
film,	which	show	extreme	poikilocytosis	with	large	numbers	of	bizarre,	fragmented	red	cells,
microspherocytes	and	elliptocytes	(Fig.	2.15a).	Examination	of	the	parental	blood	films	is	very	helpful
since	one	or	both	parents	typically	has	common	hereditary	elliptocytosis	(Figs	2.15b,c).89	It	is	important
to	note	that	HPP	can	also	occur	when	both	parental	blood	films	appear	to	be	normal,	for	example	as	a
result	of	a	de	novo	mutation	in	combination	with	a	silent	spectrin	mutation,	such	as	the	αLELY	variant
(Case	2.4,	see	page	95).	The	treatment	of	neonates	with	HPP	is	red	cell	transfusion.	Transfusions	should
continue	on	a	regular	basis	until	the	child	is	old	enough	to	undergo	splenectomy,	to	which	there	is	an
excellent	response	with	all	patients	rendered	transfusionindependent. 85

Hereditary	elliptocytosis	with	infantile	poikilocytosis	is	the	second	most	severe	form	of	hereditary
elliptocytosis	in	the	neonatal	period.	It	occurs	in	a	very	small	proportion	of	neonates	with	common



hereditary	elliptocytosis	due	to	monoallelic	α	spectrin	variants.	 Typically,	affected	neonates	have
moderately	severe	haemolytic	anaemia	with	marked	poikilocytosis	as	well	as	elliptocytes.	Occasionally
the	jaundice	is	severe	enough	to	require	exchange	transfusion.	Most	neonates	require	red	cell	transfusion
for	anaemia	but	become	transfusionindependent	as	the	poikilocytosis	and	anaemia	resolve	over	the	first
3–6	months	of	life;	apart	from	elliptocytes	in	the	blood	film	the	blood	results	are	completely	normal	by
the	age	of	12	months.	The	diagnosis	is	suggested	when	one,	but	not	both,	parents	have	typical	common
hereditary	elliptocytosis	with	elliptocytes	in	the	blood	film	and	no	anaemia	or	jaundice.	However,
diagnosis	is	often	finalised	only	when	the	natural	history	confirms	that	this	is	not	a	case	of	HPP	and/or
molecular	diagnosis	is	performed.



Fig.	2.15	 Blood	 films	 of	 a	 neonate	with	 hereditary	 pyropoikilocytosis	 and	 her	 parents.	 The	 baby	was
noted	to	be	jaundiced	at	36	hours	of	age	and	on	day	5	had	a	haemoglobin	concentration	(Hb)	of	133	g/l,	a
low	mean	cell	volume	(MCV)	of	85	fl	and	a	reticulocyte	count	of	125–175	×	109/l.	(a)	Blood	film	of	the
neonate	 showing	 marked	 anisopoikilocytosis	 with	 ovalocytes,	 elliptocytes	 and	 schistocytes;	 a	 single
NRBC	 and	 occasional	 spherocytes	 can	 also	 be	 seen.	 (b)	 Blood	 film	 of	 the	 mother	 who	 was
haematologically	normal	but	was	heterozygous	for	the	low	expression	allele	SPTA1	c.[5572C>G:6531
12C>T];	p.	(Leu1858Val),	known	as	α	spectrinLELY	(low	expression	Lyon	allele).	(c)	Blood	film	of	the
father	who	had	hereditary	elliptocytosis	and	was	heterozygous	for	SPTA1	c.460_462dup;	p.	(Leu155dup).
The	neonate	showed	compound	heterozygosity	for	these	two	SPTA1	mutations.	MGG,	×100.



Fig.	2.16	Blood	film	of	an	older	patient	with	Southeast	Asian	ovalocytosis	showing	ovalocytes,	macro
ovalocytes	and	distinctive	stomatocytes.	MGG,	×100.

Southeast	Asian	ovalocytosis
This	condition	is	characterised	by	striking	morphological	abnormalities	in	the	blood	of	children	and
adults	with	ovalocytes,	macroovalocytes	and	distinctive	stomatocytes	( Fig.	2.16).	It	results	from
homozygosity	for	a	mutation	in	SLC4A1,	which	causes	haematological	abnormalities	but	without	clinical
consequences	beyond	the	neonatal	period.	However,	about	half	of	heterozygous	neonates	have	haemolytic
anaemia	and	hyperbilirubinaemia.90	Homozygosity	causes	hydrops	fetalis	and	usually	intrauterine	death.91

Neonatal	haemolysis	due	to	red	cell	enzymopathies
There	are	many	aspects	of	the	clinical	and	haematological	presentation	of	the	inherited	red	cell
enzymopathies	that	are	unique	to	the	neonatal	period.	These	differences	are	important	for	tailoring	our
diagnostic	approach	in	this	age	group	and	also	for	our	understanding	of	their	clinical	and	haematological
impact.	First,	from	a	diagnostic	point	of	view,	the	initial	presentation	of	these	disorders	in	neonates	is
usually	with	jaundice.	Anaemia,	if	it	occurs,	is	not	usually	present	at	birth	and	many	neonates	never
develop	anaemia	even	when	the	jaundice	is	severe.	Secondly,	in	contrast	to	red	cell	membrane	disorders,
there	are	usually	no	diagnostic	changes	on	the	neonatal	blood	film.	Thirdly,	with	the	exception	of



glucose6phosphate	dehydrogenase	(G6PD)	deficiency,	inherited	red	cell	enzyme	disorders	are	rare.
G6PD	deficiency,	on	the	other	hand,	is	common,	with	millions	of	affected	individuals	worldwide.
Importantly,	the	G6PD	gene	is	on	the	X	chromosome	and	therefore	the	vast	majority	of	neonates	with
G6PD	deficiency	are	male.	Furthermore,	the	geographical	distribution	of	G6PD	deficiency	maps	to	the
prevalence	of	malaria	and	therefore	most,	but	not	all,	affected	neonates	are	of	African,	Mediterranean,
Asian	or	Arabic	descent.

Although	G6PD	deficiency	is	by	far	the	most	common	of	the	inherited	red	cell	enzymopathies	that	present
in	the	neonatal	period,	awareness	of	the	rarer	disorders	is	extremely	important	as	they	are	often	difficult
to	diagnose	and	yet	can	be	associated	with	very	severe	disease	(Table	2.9).92



Table	2.9	Red	cell	enzymopathies	presenting	with	neonatal	anaemia	and/or	jaundice

Red	cell	enzymopathies Diagnostic	clues	and	useful	tests
Glucose6phosphate
dehydrogenase	deficiency
(G6PD	gene)

Neonatal	jaundice,	often	severe,	despite	normal	blood	film	and	Hb,
presenting	in	the	first	5	days	of	life	in	a	male	infant
Mother	typically	of	African,	Caribbean,	Mediterranean,	Arabic	or	Indian
subcontinent	origin
May	also	present	in	neonates	a	few	weeks	of	age	with	sudden	and	profound
drop	in	Hb	due	to	acute	oxidative	haemolysis,	often	in	association	with
infection	(or	drugs/chemicals)
Family	history	of	anaemia	usually	absent	but	there	may	be	a	history	of
neonatal	jaundice

Pyruvate	kinase	deficiency
(PK	gene)

Family	history	of	anaemia,	often	severe	and	sometimes	transfusion
dependent
May	present	with	neonatal	hepatic	failure	and	severe	cholestasis
Males	and	females	equally	affected
No	ethnic	predisposition

Infantile	pyknocytosis Sudden	onset	of	severe	anaemia	at	2–4	weeks	of	age,	typically	with	Hb	drop
of	40–50	g/l	over	a	few	days;	transfusion	often	required	(usually	only	1–2
transfusions)
More	common	in	preterm	babies
May	occur	in	twins/siblings	but	otherwise	no	family	history
Selflimiting	and	confined	to	the	neonatal	period
Blood	film	shows	features	of	oxidative	haemolysis	but	G6PD	and	PK
activity	are	normal
No	genetic	cause	identified;	glutathione	peroxidase	levels	are	often	reduced

Rare	enzyme	deficiencies
(gene	mutated):

Glucose	phosphate
isomerase	(GPI)

Hexokinase	(HK)

Pyrimidine5′
nucleotidase
(NT5C3A)

Phosphofructokinase
(PFK)

Phosphoglycerate
kinase	(PGK)

Triosephosphate
isomerase	(TPI)

Chronic	nonspherocytic	haemolytic	anaemia
Family	history	of	severe,	often	transfusiondependent	haemolytic	anaemia
and/or	consanguinity
Associated	features,	e.g.	neurological	problems

G6PD,	glucose6phosphate	dehydrogenase;	Hb,	haemoglobin	concentration;	PK,	pyruvate	kinase.

Glucose6phosphate	dehydrogenase	deficiency



The	prevalence	of	G6PD	deficiency	is	particularly	high	in	individuals	from	Central	Africa	(20%	of
males)	and	the	Mediterranean	(10%	of	males)	but	is	also	seen	in	the	Indian	subcontinent,	the	Far	East	and
the	Middle	East	(reviewed	in	reference	93).	In	neonates,	G6PD	deficiency	typically	presents	with
jaundice	during	the	first	few	days	of	life,	with	a	peak	incidence	on	day	2	or	3.94	Neonatal	jaundice	due	to
G6PD	deficiency	is	often	severe,	despite	an	Hb	that	is	normal	or	only	slightly	reduced	and	severe
anaemia	is	rare.95,96	Although	the	majority	of	affected	neonates	are	boys,	female	carriers	are	sometimes
identified	through	neonatal	jaundice	screens	because	these	babies	also	occasionally	develop	severe
neonatal	jaundice.97	The	blood	film	is	usually	completely	normal	with	no	irregularly	contracted	cells,
reticulocytosis	or	erythroblastosis.	However,	in	the	small	proportion	of	neonates	who	develop	anaemia
due	to	G6PD	deficiency,	the	blood	film	shows	typical	changes	of	oxidative	haemolysis	(Fig.	2.17).

It	is	not	clear	why	some,	but	not	all,	G6PDdeficient	neonates	develop	neonatal	jaundice	as	this	does	not
appear	to	correlate	with	the	level	of	G6PD	enzyme	activity	in	the	red	cells,	although	this	is
controversial.97	The	pathogenesis	of	the	jaundice	is	also	unclear	as	most	babies	with	G6PD	deficiency
have	no	evidence	of	haemolysis.	Current	views	are	that	the	jaundice	is	likely	to	be	of	hepatic	origin	and
to	reflect	inefficient	bilirubin	conjugation	rather	than	haemolysis.98

The	diagnosis	of	G6PD	deficiency	is	made	by	assaying	G6PD	on	a	peripheral	blood	sample,	the	result
being	interpreted	in	the	light	of	any	elevation	of	the	reticulocyte	count	above	normal	neonatal	levels	and
the	higher	normal	range	in	neonates.	It	is	essential	to	perform	the	G6PD	assay	before	any	red	cell
transfusions	are	given	(or	once	any	transfused	cells	have	been	cleared	from	the	circulation,	which	may
take	up	to	8	weeks).	Mutation	analysis	of	the	G6PD	gene	should	be	considered	for	atypical	cases	–	for
example	those	presenting	with	severe	anaemia	where	there	is	no	evidence	of	either	HDFN	or	red	cell
membranopathy.	Some	mutations	are	associated	with	chronic	nonspherocytic	hemolytic	anaemia	and
mutation	analysis	is	especially	useful	for	establishing	the	diagnosis	in	these	cases.



Fig.	2.17	Blood	film	of	a	neonate	with	oxidative	haemolysis	due	to	glucose6phosphate	dehydrogenase
(G6PD)	deficiency	showing	irregularly	contracted	cells	and	a	bite	cell.	MGG,	×40.

Management	of	neonatal	G6PD	deficiency	requires	close	monitoring	of	the	bilirubin	to	prevent
kernicterus,	particularly	when	interactions	with	other	risk	factors	for	neonatal	hyperbilirubinaemia,	such
as	Gilbert	syndrome,	HDFN	or	hereditary	spherocytosis	are	present.	If	exchange	transfusion	is	required
for	severe	hyperbilirubinaemia,	conventional	guidelines	for	exchange	transfusion	can	be	followed.61	It	is
important	to	provide	information	to	the	parents/carers	of	affected	neonates	as	to	which	specific
medicines,	chemicals	and	foods	may	precipitate	haemolysis	(these	are	listed	in	Table	2.10).	In	countries
where	malaria	is	endemic,	G6PD	deficiency	should	be	excluded	before	giving	primaquine	for	malaria
eradication	due	to	the	high	risk	of	druginduced	haemolysis	in	affected	G6PDdeficient	individuals.	 It	is
also	useful	to	be	aware	that	acute	haemolysis	due	to	exposure	of	neonates	to	naphthalenecontaining
mothballs	has	been	reported99	and	that	consumption	of	fava	beans	or	quininecontaining	drinks	by
breastfeeding	mothers	may	cause	haemolysis	in	G6PDdeficient	neonates. 100,101	Folate	supplementation
is	not	routinely	indicated	in	G6PDdeficient	neonates	because,	in	the	vast	majority	of	cases,	G6PD
deficiency	does	not	cause	chronic	haemolysis.	However,	for	those	infants	with	one	of	the	uncommon
variants	of	G6PD	deficiency	associated	with	chronic	nonspherocytic	haemolytic	anaemia,	such	as
G6PD	Volendam,102	folic	acid	supplements	should	be	given	as	described	above	for	the	red	cell	membrane
disorders.



Table	 2.10	 Drugs	 and	 chemicals	 that	 may	 precipitate	 haemolysis	 in	 neonates	 and	 infants	 with	 G6PD
deficiency

Chemicals Methylene	blue
Naphthalene	(mothballs)
Fava	beans	(mother)*

Antibiotics Nitrofurantoin*	
Some	sulfonamides,	e.g.	sulfasalazine*	
Quinolones	(ciprofloxacin*,	nalidixic	acid*)
Chloramphenicol†	
Trimethoprim*†	
Isoniazid

Antimalarials Primaquine*	
Chloroquine†	
Quinine†

Other	medication Rasburicase
Dapsone*	
Aspirin*†

*	Avoid	in	breastfeeding	mothers.

†	Not	absolutely	contraindicated	but	use	with	caution.

Pyruvate	kinase	deficiency
In	contrast	to	G6PD	deficiency,	pyruvate	kinase	(PK)	deficiency	is	fairly	rare,	with	an	estimated
incidence	of	1	in	20	000	in	Caucasians.92	As	a	result,	even	large	neonatal	centres	are	only	likely	to
identify	one	case	of	PK	deficiency	every	5	years.	PK	deficiency	is	transmitted	in	an	autosomal	recessive
fashion	and	is	due	to	biallelic	mutations	in	the	 PKLR	gene	that	encodes	the	PK	enzyme.103	More	than
120	different	PKLR	variants	have	been	described	and	the	frequency	of	novel	pathogenic	variants	that	have
not	previously	been	reported	is	high	(approximately	20%).104	PK	deficiency	is	clinically	heterogeneous,
varying	from	anaemia	severe	enough	to	cause	hydrops	fetalis	to	a	mild	unconjugated	hyperbilirubinaemia
(Case	2.5,	see	page	98).	However,	the	PKLR	genotype	does	not	seem	to	correlate	with	the	frequency	of
complications	in	utero	or	in	the	newborn	period.104	A	recent	study	of	the	natural	history	of	PK	deficiency
in	over	250	patients	found	that	perinatal	complications	were	common	in	PK	deficiency,	including	anaemia
that	required	transfusion	and	hyperbilirubinemia	as	well	as	hydrops	fetalis	and	prematurity.103	This	study
clearly	shows	that	jaundice	is	a	common	finding	in	neonates	with	PK	deficiency	as	the	majority	of
neonates	(93%)	were	treated	with	phototherapy	and	almost	half	(46%)	required	exchange	transfusion.103
In	severe	cases,	extramedullary	haemopoiesis,	presenting	as	a	typical	violaceous,	papular	facial	rash,	has
been	reported.105

The	diagnosis	of	PK	deficiency	is	made	by	measuring	pretransfusion	red	cell	PK	activity.	In	mild	cases
enzyme	activity	may	be	only	modestly	reduced	and	in	such	cases	it	can	be	useful	to	assay	PK	levels	in	the
parents.	However,	mutation	analysis	of	the	PKLR	gene	is	increasingly	used	as	the	definitive	diagnostic
tool	either	by	directly	sequencing	the	gene	or	as	part	of	a	targeted	next	generation	sequencing	gene
panel.3,104	The	blood	film	is	sometimes	distinctive,	with	small	numbers	of	markedly	echinocytic	cells
(Fig.	2.18),	but	more	often	shows	nonspecific	changes	of	nonspherocytic	haemolysis.	 Occasional



cases	of	PK	deficiency	present	with	extreme	and	persistent	neonatal	hyperbilirubinemia	and	hepatic
failure	with	or	without	evidence	of	haemolysis,106	making	the	diagnosis	extremely	difficult.103

Fig.	2.18	Blood	film	of	a	neonate	with	pyruvate	kinase	(PK)	deficiency	showing	marked	erythroblastosis
and	polychromasia	and	occasional	echinocytes.	There	is	also	left	shift.	MGG,	×100.

Management	of	PK	deficiency	in	the	neonatal	period	depends	on	the	severity	of	the	jaundice	and	anaemia.
As	mentioned	above,	the	majority	of	affected	neonates	will	require	phototherapy	for	jaundice	and	almost
half	will	require	exchange	transfusion.	Just	over	50%	of	children	remain	transfusiondependent. 107	For
those	that	are	transfusionindependent,	folic	acid	supplements	should	be	given	to	prevent	deficiency	due
to	chronic	haemolysis.103	Splenectomy	later	in	childhood	reduces	the	transfusion	requirement	in	90%	of
cases.	However,	management	of	PK	deficiency	in	children	is	likely	to	change	in	the	near	future	with	the
promising	results	of	a	new	small	molecule	allosteric	activator	of	the	PK	enzyme	(mitapivat),	which	has
been	shown	to	increase	red	cell	enzyme	activity	and	Hb	in	PKdeficient	adults. 108

Infantile	pyknocytosis
This	poorly	understood	condition	causes	acute	haemolysis	confined	to	the	neonatal	period	and	accounts
for	about	10%	of	cases	due	to	red	cell	enzyme	deficiencies.109	In	the	original	report	of	this	disorder,
infantile	pyknocytosis	was	defined	as	the	presence	of	‘distorted,	irregular,	densely	stained	erythrocytes,



presenting	with	several	to	many	spiny	projections’	in	a	neonate	with	selflimiting	acute	haemolytic
anaemia.110	These	morphological	features,	and	the	natural	history,	strongly	point	to	a	red	cell	enzyme
defect.	However,	the	genetic	basis	of	infantile	pyknocytosis	remains	unknown.	Recent	targeted	next
generation	sequencing	has	excluded	mutations	in	most	of	the	red	cell	enzyme	genes	associated	with
neonatal	haemolytic	anaemia,	including	PKLR,	G6PD,	hexokinase	(HK1),	phosphoglycerate	kinase
(PGK1),	phosphofructokinase	(PFKL),	glucose	phosphate	isomerase	(GPI),	triosephosphate	isomerase
(TPI1)	and	NT5C3A,	the	gene	encoding	pyrimidine5′nucleotidase. 111	In	many	cases	affected	neonates
are	found	to	have	reduced	levels	of	glutathione	peroxidase	(reference	112	and	unpublished	data)	but	no
mutations	in	the	GPX1	gene	encoding	the	enzyme	have	been	reported,	even	when	specifically	tested.111
Infantile	pyknocytosis	is	more	common	in	preterm	neonates	and	when	it	occurs	in	twins,	both	are	usually
affected.	The	anaemia	associated	with	infantile	pyknocytosis	is	often	moderately	severe	and	may	require
one	or	two	red	cell	transfusions;	it	then	gradually	resolves	by	the	age	of	2–3	months.	The	blood	film
typically	shows	changes	of	oxidative	haemolysis	during	the	neonatal	period	but	returns	to	normal	as	the
haemolysis	resolves	(Case	2.6,	see	page	100).	Measurement	of	glutathione	peroxidase	levels	in	affected
neonates	may	be	useful	(parental	levels	are	normal)	but	the	diagnosis	is	usually	easily	made	from	the
blood	film	and	natural	history.	There	are	no	reports	of	recurrence	of	haemolysis	beyond	the	neonatal
period	in	babies	with	infantile	pyknocytosis	and	care	should	be	taken	to	exclude	other	causes	of
haemolytic	anaemia	in	any	cases	where	the	haemolysis	does	not	resolve,	or	recurs,	after	the	age	of	3
months.

Other	red	cell	enzymopathies
The	other	red	cell	enzymopathies	reported	to	present	in	the	neonatal	period	are	all	rare	and	are	shown	in
Table	2.9.	Several	of	these	disorders	cause	very	severe	fetal	and/or	neonatal	haemolytic	anaemia.
Glucose	phosphate	isomerase	(GPI)	and	hexokinase	(HK)	deficiencies,	which	are	autosomal	recessive
conditions,	have	both	been	reported	to	present	with	severe	neonatal	haemolytic	anaemia	including
hydrops	fetalis.113–116	Deficiency	of	pyrimidine5′nucleotidase	due	to	mutations	in	the	 NT5C3A	gene
usually	causes	mild	chronic	haemolytic	anaemia	and	does	not	present	until	adolescence;	however,	about
15%	of	cases	have	neonatal	jaundice	and	this	diagnosis	should	be	considered	in	unexplained	neonatal
haemolysis	where	the	blood	film	shows	prominent	basophilic	stippling.117	As	phosphofructokinase	(PFK)
deficiency	can	involve	red	cells,	muscle	or	both,	depending	on	the	PFK	subunit	affected,	the	disease	may
manifest	as	haemolytic	anaemia	and/or	myopathy.	In	severe	cases	the	myopathy	causes	death	during
infancy	as	a	result	of	respiratory	insufficiency	and	other	complications.118	Phosphoglycerate	kinase
(PGK)	deficiency	is	a	sexlinked	disorder	that	largely	affects	males	and	occasionally	presents	in	the
neonatal	period	with	jaundice	and	nonspherocytic	haemolytic	anaemia.	 More	often	PGK	deficiency
presents	in	older	children	and	clinically	has	a	variable	combination	of	chronic	haemolytic	anaemia,
developmental	delay	and	myopathy.119	Triosephosphate	isomerase	(TPI)	deficiency	causes	neonatal
haemolytic	anaemia	in	around	onethird	of	patients.	 This	is	important	to	recognise	because	the
haemolytic	anaemia	often	presents	many	months	before	the	devastating	neurological	features	of	this
disorder	become	apparent.120

Other	causes	of	neonatal	haemolytic	anaemia
Other	causes	of	neonatal	haemolytic	anaemia	are	shown	in	Table	2.5.	These	include	infections,	rare
extrinsic	causes	of	haemolysis,	such	as	thrombotic	thrombocytopenic	purpura	(TTP)	and	cavernous
haemangiomas	(Kasabach–Merritt	syndrome).	Exposure	to	oxidant	drugs	and	chemicals	can	cause
haemolysis	even	in	babies	without	G6PD	deficiency.	It	has	been	reported,	for	example,	in	a	neonate
exposed	to	higher	than	recommended	levels	of	methylene	blue	during	creation	of	a	gastrointestinal



anastomosis	(Case	2.7,	see	page	103).121

Neonatal	haemolytic	anaemia	due	to	infection
As	well	as	perinatally	acquired	bacterial	infection,	a	number	of	congenital	infections	have	been	reported
to	cause	neonatal	anaemia	via	a	haemolytic	mechanism,	including	CMV,	herpes	simplex	and	rubella
viruses,	syphilis,	malaria	and	toxoplasmosis	(see	Table	2.5).	While	there	is	good	evidence	for	significant
neonatal	haemolytic	anaemia	due	to	syphilis,	malaria	and	toxoplasmosis,	solid	evidence	of	haemolysis
due	to	CMV	infection	is	scanty.

Perinatally	acquired	syphilis	remains	a	significant	clinical	problem	in	many	countries,	affecting	an
estimated	713	600–1	575	000	pregnancies	worldwide	(reviewed	in	reference	122).	Just	over	half	of	all
neonates	born	with	congenital	syphilis	will	have	Coombsnegative	haemolytic	anaemia,	which	may
persist	for	weeks	after	treatment.122	Although	fatal	cases	are	uncommon,	severe	cases	may	present	with
hydrops	fetalis.123	Congenital	toxoplasma	infection	may	also	present	with	severe	neonatal	haemolytic
anaemia	and/or	hydrops	fetalis.124,125	Despite	the	prevalence	of	malaria	in	pregnant	women,	congenital
malaria	is	surprisingly	rare,	even	in	countries	where	malaria	is	endemic,	and	it	is	exceptionally	rare	in
nonendemic	countries, 126,127	perhaps	because	of	protective	IgG	antibodies	in	the	mother.128	Congenital
malaria	presents	with	anaemia,	jaundice,	hepatosplenomegaly	and	nonspecific	signs	such	as	poor
feeding,	lethargy	and	fever.126,127,129	Typically,	the	first	signs	of	malaria	arise	at	10–28	days	of	age,
although	presentation	within	the	first	few	hours	or	as	late	as	8	weeks	of	age	has	been	reported.130

CMV	has	been	shown	to	cause	haemolytic	anaemia	in	infants131	but	this	seems	to	be	very	rare	in	neonates.
In	most	case	series	in	neonates	where	anaemia	and/or	an	increased	transfusion	requirement	is	reported,
there	is	insufficient	evidence	to	indicate	the	mechanism	of	the	anaemia	and	other	causes,	such	as	the	side
effects	of	antiviral	drugs,	may	be	responsible. 132	In	one	welldocumented	case,	concomitant	CMV
infection	increased	the	extent	of	haemolysis	in	a	neonate	with	immune	haemolytic	anaemia	secondary	to
maternal	lupus.133	Similarly,	although	acute	haemolysis	has	been	reported	in	children	with	herpes	simplex
infection134	and	a	small	proportion	of	neonates	with	congenital	herpes	simplex	have	anaemia,	there	is	no
definite	evidence	that	this	is	caused	by	haemolysis.135	This	is	also	the	case	for	congenital	rubella.
Neonates	with	congenital	rubella	syndrome	may	have	hepatosplenomegaly	and	jaundice	but	anaemia	is
not	usually	a	feature,136	although	older	children	may	develop	autoimmune	haemolytic	anaemia	in	response
to	acute	rubella	infection.137

Neonatal	anaemia	due	to	extrinsic	causes	of	red	cell	destruction
Neonates	may	also	develop	microangiopathic	haemolytic	anaemia	(MAHA)	secondary	to	extrinsic
damage	to	neonatal	red	cells.	The	three	major	types	of	disorder	associated	with	MAHA	in	neonates	are
congenital	TTP,	atypical	haemolytic	uraemic	syndrome	(aHUS)	and	congenital	haemangiomas.

Hereditary	TTP	typically	presents	in	the	neonatal	period	with	severe	haemolysis	and	hyperbilirubinaemia
although,	as	in	many	very	rare	disorders,	the	diagnosis	is	often	delayed	by	several	years	(reviewed	in
reference	138).	Hereditary	TTP	is	caused	by	biallelic	mutations	in	the	 ADAMTS13	gene.139	In	neonates,
severe	haemolytic	anaemia	is	the	most	common	presentation	together	with	severe	thrombocytopenia	and
red	cell	fragmentation	seen	in	the	blood	film.	Over	onethird	of	the	cases	reported	in	a	recent	series
required	exchange	transfusion	in	the	neonatal	period	due	to	severe	haemolysis	in	the	first	2	days	of	life.140
In	most	of	these	cases	there	was	a	single	acute	episode	of	haemolysis	and	thrombocytopenia;	in	at	least
one	case	the	apparent	trigger	was	the	altered	pattern	of	blood	flow	(high	sheer	stress)	through	a	persistent
patent	ductus	arteriosus,	although	the	trigger	for	the	other	cases	could	not	be	identified.	The	diagnosis	of



inherited	TTP	should	therefore	be	considered	in	any	neonate	with	unexplained	Coombsnegative	severe
hyperbilirubinaemia	and	thrombocytopenia.	Infusions	of	fresh	frozen	plasma	(FFP)	are	the	mainstay	of
treatment	of	recurrent	episodes	of	haemolysis	and	thrombocytopenia	in	childhood	and	beyond.138

Atypical	haemolytic	uraemic	syndrome	is	another	rare	disorder	that	may	present	in	the	neonatal	period
with	MAHA	and	thrombocytopenia	but	with	the	additional	problem	of	acute	kidney	injury.	Most	forms	of
aHUS	are	associated	with	dysregulation	of	the	alternative	complement	pathway	and	about	twothirds	of
patients	have	mutations	or	likelypathogenic	variants	in	genes	encoding	complement	pathway	proteins,
including	complement	factor	H	(CFH),	complement	factor	I	(CFI),	membrane	cofactor	protein	(encoded
by	CD46),	complement	factor	B	(CFB)	or	complement	factor	3	(C3).141	As	for	TTP,	the	blood	film	shows
red	cell	fragmentation	together	with	severe	thrombocytopenia	with	no	evidence	of	disseminated
intravascular	coagulation	(DIC)	on	the	coagulation	screen.	Early	diagnosis	is	important	because	affected
neonates	respond	well	to	treatment	with	the	C5	inhibitor	ecluzimab.141–143	A	recent	report	suggests	that
measurement	of	the	Fragmented	Red	Cell	(FRC)	count	now	available	on	some	blood	count	analysers	may
be	useful	to	alert	clinicians	to	a	potential	diagnosis	of	aHUS	in	neonates.144

Microangiopathic	haemolytic	anaemia	may	also	be	part	of	the	presentation	of	a	group	of	disorders	known
as	kaposiform	haemangioendotheliomas	(KHE)	and	tufted	angiomas,	which	are	rare	vascular	tumours
derived	from	capillary	and	lymphatic	endothelium.145	The	majority	of	such	tumours	affect	the	extremities
or	the	torso.146	In	50%	of	cases	these	tumours	present	in	the	neonatal	period	and	around	twothirds	of
these	will	have	associated	consumptive	coagulopathy	and	thrombocytopenia	(known	as	the	Kasabach–
Merritt	phenomenon	[KMP]).146,147	Although	the	coagulopathy	and	thrombocytopenia	are	the	main
haematological	findings	in	KMP,	some	affected	neonates	do	have	a	microangiopathic	anaemia.148	It	is
now	clear	that	KMP	is	confined	to	cases	of	KHE	and	tufted	angiomas	and	is	not	seen	in	the	more	common
benign	infantile	haemangiomas.147	KHE	with	KMP	rarely,	if	ever,	regresses	spontaneously	and	treatment
in	the	neonatal	period	is	usually	with	a	combination	of	prednisolone	and	vincristine.147	Platelet
transfusion	should	be	avoided	unless	there	is	active	bleeding	or	a	surgical	procedure	is	required.147

Neonatal	anaemia	due	to	haemoglobinopathies	and	other	microcytic
anaemias
Clinically	significant	haemoglobinopathies	that	present	with	anaemia	or	jaundice	in	the	newborn	are
summarised	in	Table	2.11.	These	are	predominantly	α	thalassemia	syndromes	and	structural	defects	of	the
α	globin	chain	or	γ	thalassaemias	and	γ	globin	structural	variants.	The	mechanism	of	anaemia	varies
between	different	haemoglobinopathies	and	is	often	multifactorial.	The	most	clinically	severe
haemoglobinopathies	that	present	in	the	fetal	or	neonatal	period	are	α	thalassaemia	major,	in	which	all
four	α	globin	genes	are	deleted	and,	uncommonly,	haemoglobin	H	disease,	in	which	three	α	globin	genes
are	deleted	or	mutated.149	Alpha	thalassaemia	trait,	where	two	α	globin	genes	are	deleted,	and	which	is
much	more	common,	is	often	easy	to	suspect	in	the	neonatal	period	since	the	MCV	is	reduced	below	the
lower	limit	of	normal	and	other	causes	of	microcytosis	in	neonates	(see	Table	2.12)	are	very	rare.	Non
thalassaemic	structural	α	and	γ	globin	gene	mutations,	which	are	clinically	silent	in	adults	and	children,
can	cause	transient	neonatal	haemolytic	anaemia	because	the	variant	haemoglobin	is	unstable,	whereas	the
β	globin	haemoglobinopathies	(sickle	cell	disease	and	β	thalassaemia	major)	do	not	cause	haemolysis	or
anaemia	in	neonates	and	rarely	manifest	clinically	until	after	6–8	weeks	of	age.	Methaemoglobinaemia
due	to	rare	inherited	mutations	in	an	α	or	a	γ	globin	gene	causing	the	production	of	haemoglobin	M	(see
also	Table	2.16)	can	also	present	in	the	neonatal	period	and	is	discussed	at	the	end	of	this	chapter.



Alpha	thalassaemia	major	(haemoglobin	Bart’s	hydrops	fetalis)
Alpha	thalassaemia	is	one	of	the	most	common	inherited	disorders,	with	a	worldwide	carrier	rate	of
approximately	5%.150	The	most	significant	form	predominantly	affects	families	of	Southeast	Asian	origin,
where	the	carrier	rate	approaches	40%,	although	it	is	also	common	in	parts	of	India	and	the
Mediterranean	(Greece,	Turkey,	Cyprus	and	Sardinia).151	Alpha	thalassemia	is	most	commonly	caused	by
one	of	more	than	50	deletions	affecting	either	one	(referred	to	as	α+	thalassaemia)	or	both	(referred	to	as
α0	thalassaemia)	of	the	α	globin	genes	on	one	copy	of	chromosome	16.152	The	severity	of	α	thalassaemia
depends	on	the	number	of	affected	α	globin	genes.	Where	both	parents	are	carriers	of	α0	thalassaemia,
their	offspring	may	be	homozygous	for	α0	and	inherit	no	normal	α	globin	genes;	deletion	of	all	four	α
globin	genes	results	in	α	thalassaemia	major,	which	has	the	most	severe	presentation	and	nearly	always
manifests	in	utero	when	it	typically	presents	with	severe	secondtrimester	fetal	anaemia	and	hydrops
fetalis	with	an	average	Hb	of	64	g/l.153	As	the	principal	haemoglobin	produced	by	affected	fetuses	is
haemoglobin	Bart’s	(tetramers	of	fetal	γ	globin	chains,	γ4),	this	condition	is	often	known	as	haemoglobin
Bart’s	hydrops	fetalis	syndrome	(BHFS)	to	distinguish	it	from	other	causes	of	hydrops	fetalis	with	severe
anaemia.154	The	main	clinical	features	of	this	syndrome	are	severe	pallor	with	jaundice,	cardiac	failure,
pleural	and	pericardial	effusions,	ascites,	hepatosplenomegaly	and	respiratory	distress.154



Table	2.11	Haemoglobinopathies	presenting	with	anaemia	and/or	jaundice	in	the	neonatal	period*

Condition Genetic	defect

Useful	diagnostic	tests
Alpha	globin	disorders
Alpha	thalassaemia	major Deletion	of	four	α	globin	genes

Red	cell	indices

Red	cell	morphology

HPLC

Investigation	of	parents
Haemoglobin	H	disease*	including	that	associated	with	the	α
globin	variants,	haemoglobin	Constant	Spring	and	haemoglobin
Paksé

Deletion	and/or	mutation	of	three	α
globin	genes

Red	cell	indices

Red	cell	morphology

HPLC	(further	investigation
indicated	if	haemoglobin	Bart’s
is	>10%)

investigation	of	parents
Unstable	α	chain	variants Hb	Hasharon	(α2Asp14→Hisβ2)

Red	cell	morphology

HPLC	and/or	mass	spectrometry
Gamma	globin	disorders
Unstable	γ	chain	variants Mutation	of	the	Gγ	or	Aγglobin	gene

HPLC
Gamma	beta	delta	thalassaemia Deletion	of	the	β	globin	gene	cluster

Red	cell	indices

Red	cell	morphology

HPLC	(no	abnormality)

Investigation	of	parents
*	Beta	globin	disorders	can	be	identified	by	screening	in	the	neonatal	period	but	almost	never	have	clinical	features	at	this	age;	presentation	of
haemoglobin	H	disease	in	the	neonatal	period	is	not	common.

HPLC,	high	performance	liquid	chromatography.

The	cause	of	the	severe	anaemia	in	BHFS	is	multifactorial	and	includes	reduced	haemoglobin	synthesis,
reduced	haemoglobin	stability	(haemoglobin	Bart’s),	dyserythropoiesis	due	to	precipitation	of	γ	and	β
chains	within	the	erythroid	cells	and	hypersplenism,	which	together	cause	a	dramatic	anaemia	that	is
partly	haemolytic.149	Furthermore,	oxygen	delivery	to	the	tissues	is	severely	reduced,	not	only	by	the	low
Hb,	but	also	by	the	high	oxygen	affinity	of	haemoglobin	Bart’s.155	Infants	with	BHFS	almost	always	die



either	in	utero	(23–38	weeks)	or	shortly	after	birth154	(Case	2.8,	see	page	105).	This	condition	also
carries	a	serious	risk	to	the	mother	of	the	affected	fetus,	including	mortality,	with	up	to	50%	developing
severe	preeclampsia,	at	least	in	part	because	of	placentomegaly. 156

Table	2.12	Causes	of	neonatal	microcytic	anaemia

Red	cell	disorder Diagnostic	clues	and	useful	tests
Inherited	sideroblastic	anaemias Family	history

High	serum	iron,	transferrin	saturation	and	ferritin
Low	hepcidin
Molecular	analysis	for	mutations	in	the	following	genes:

ALAS2	(Xlinked)

SLC25A38	(autosomal	recessive)

TRNT1	(autosomal	recessive)
Haemoglobinopathies	–	α	thalassaemias
(see	Table	2.11)

Mother	typically	of	Far	Eastern,	African,	Mediterranean,
Arab,	Caribbean	or	Indian	subcontinent	origin
Neonatal	anaemia	(and	hydrops)	only	if	α	thalassaemia
major	or	haemoglobin	H	disease

Red	cell	membrane	disorders	–	hereditary
pyropoikilocytosis	(see	Table	2.7)

Anaemia	usually	marked
MCV	is	typically	very	low	(<70	fl)
Homozygous/compound	heterozygous	for	α	spectrin
variants
Often	no	family	history	but	parents	may	have	blood	films
typical	of	hereditary	elliptocytosis

Chronic	in	utero	blood	loss	(see	Table
2.13)

Twintotwin	transfusion	(donor	twin)
Chronic	fetomaternal	haemorrhage

MCV,	mean	cell	volume.

Affected	fetuses	are	usually	identified	on	routine	ultrasound	scanning	at	20–21	weeks’	gestation	by	the
clinical	findings	of	fetal	ascites,	pleural	effusion,	pericardial	effusion	or	hydrops	fetalis.154	These
findings	in	a	pregnancy	at	risk	of	α	thalassaemia	should	at	once	prompt	fetal	blood	sampling	to	determine
the	Hb	and	findings	on	high	performance	liquid	chromatography	(HPLC).	The	diagnosis	of	α	thalassaemia
major	is	confirmed	when	HPLC	shows	predominantly	haemoglobin	Bart’s	and	haemoglobins	F	and	A	are
absent.	Depending	on	the	extent	of	the	α	globin	cluster	deletion,	some	affected	fetuses	(e.g.	with	the
homozygous	Southeast	Asian	variant,	which	is	the	commonest	cause	of	BHFS)	will	also	have	up	to	20%
embryonic	haemoglobin	Portland	(ζ2γ2),	which	is	the	only	functional	oxygencarrying	haemoglobin	in
these	fetuses,155	and	sometimes	haemoglobin	H.	The	blood	film	shows	hypochromic,	often	microcytic	red
cells	with	vast	numbers	of	circulating	NRBC	(Fig.	2.19).	The	mean	cell	haemoglobin	(MCH)	and	mean
cell	haemoglobin	concentration	(MCHC)	are	reduced	but	the	MCV	is	not	always	reduced.	Checking	the
blood	counts	of	the	parents	will	immediately	identify	whether	they	are	at	risk	of	having	a	child	with	α
thalassaemia	major;	both	parents	will	have	microcytosis,	with	the	MCV	usually	below	74	fl	and	MCH
usually	less	than	24	pg	(Fig.	2.20).



Fig.	 2.19	 Blood	 film	 of	 a	 preterm	 neonate	 with	 haemoglobin	 Bart’s	 hydrops	 fetalis	 on	 day	 1	 of	 life
showing	markedly	hypochromic	red	cells,	many	of	which	are	microcytic,	as	well	as	polychromasia	and
four	NRBC.	Two	of	the	NRBC	show	clearly	defective	haemoglobinisation.	MGG,	×100.



Fig.	2.20	Blood	film	of	the	mother	of	the	neonate	whose	film	is	shown	in	Fig.	2.19,	showing	microcytosis
and	mild	hypochromia.	The	mother	 had	 deletion	 of	 two	 of	 four	 α	 genes	 on	 one	 chromosome	 16	 (αα/−
−SEA).	MGG,	×100.

The	only	longterm	survivors	of	α	thalassaemia	major	are	those	who	have	received	IUT	followed	by
regular	postnatal	transfusions	and/or	a	bone	marrow	transplant.154	Affected	children	also	have	a	high
incidence	of	hypospadias,	limb	defects	and	atrial	septal	defects	and	others	have	severe	neurological
problems.	If	IUT	is	delayed	until	anaemia	is	severe,	neonatal	pulmonary	hypoplasia	is	a	cause	of	early
mortality.154	The	diagnosis	of	α	thalassaemia	major	should	be	suspected	in	any	case	of	severe	fetal
anaemia	that	presents	in	the	second	trimester,	and	any	case	of	hydrops	fetalis	with	severe	anaemia	in
which	the	parents	come	from	highprevalence	areas,	particularly	Southeast	Asia.	 In	addition	to	the
typical	presentation,	some	neonates	have	had	severe	anaemia	without	hydrops	fetalis.	Antenatal	screening
of	pregnant	women	and,	when	relevant,	their	partners	should	lead	to	prediction	of	the	possibility	of
haemoglobin	Bart’s	hydrops	fetalis,	with	termination	of	pregnancy	usually	being	offered	when	the
diagnosis	is	confirmed.

Increasing	awareness	of	BHFS,	and	the	increase	in	cases	in	countries	such	as	the	USA	where	this
condition	used	to	be	extremely	rare,	has	led	to	major	changes	in	the	treatment	options	available	and	to	the
development	of	consensus	guidelines	for	the	perinatal	management	of	patients	with	BHFS.157	These	note
that	lack	of	awareness	of	the	improving	outcome	has	meant	that	parents	of	affected	fetuses	may	not	be



offered	IUT.	A	recent	international	conference	(https://conference.globalcastmd.com/ucsfalpha
thalassemiamajor/archive )	reviewed	existing	knowledge	regarding	the	prenatal	screening,	perinatal
care,	and	maternal	and	childhood	outcomes	of	patients	with	α	thalassaemia	major,	and	summarised	their
recommendations	for	management	of	the	condition.157	These	include	recommendations	for	preconceptual
(or	early	antenatal)	screening	of	couples	at	risk	and	the	offer	of	fetal	blood	sampling	in	all	cases	of
hydrops	fetalis	in	pregnancies	at	risk	in	order	to	make	a	rapid	diagnosis	on	the	basis	of	blood	count	and
HPLC,	with	IUT	at	the	same	time	if	the	family	wishes	to	pursue	intervention	in	order	to	boost	oxygen
delivery	to	the	tissues	and	minimise	complications.	These	guidelines	also	suggested	that	couples	at	risk
should	be	counselled	about	the	options	for	a	future	pregnancy,	including	the	possibility	of	preimplantation
genetic	diagnosis.157

Haemoglobin	H	disease	in	the	newborn
This	disorder	is	usually	caused	by	deletion	and/or	mutation	of	three	α	globin	genes.	In	most	cases	affected
individuals	are	compound	heterozygotes	for	two	different	mutations	rather	than	homozygotes	for	a
moderately	severe	molecular	defect.	Haemoglobin	H	disease	varies	considerably	in	severity.	In	general,
the	phenotype	correlates	very	well	with	the	degree	of	α	globin	chain	deficiency	and	nondeletional	types
of	haemoglobin	H	disease	are	more	severe	than	the	more	common	deletional	types.158,159	The	most	severe
cases	present	with	severe	neonatal	haemolytic	anaemia	and,	occasionally,	with	hydrops	fetalis.160–163
This	includes	haemoglobin	H/Constant	Spring	(−−/αCSα);	haemoglobin	Constant	Spring	is	the	most
common	nondeletion	αthalassaemia	in	Southeast	Asia	and	Southern	China	and	this	compound
heterozygous	state	is	an	important	cause	of	hydrops	fetalis.164	A	diagnosis	of	haemoglobin	H	disease	in
the	newborn	period	is	suggested	by	the	presence	of	hypochromic,	microcytic	anaemia	together	with
jaundice	and	the	presence	of	large	amounts	of	haemoglobin	Bart’s	(γ4)	and	as	well	as	some	haemoglobin
H	(β4).	The	heterogeneity	of	haemoglobin	H	disease	makes	genetic	counselling	particularly	difficult.	Most
cases	resulting	from	simple	deletion	of	the	α	globin	genes	are	mildly	affected	and	prenatal	diagnosis	may
not	be	appropriate;	virtually	all	severe	cases	have	at	least	one	nondeletional	allele. 161–163	Awareness	of
the	potential	severity	of	coinheritance	of	α0	thalassaemia	alongside	nondeletional	α	thalassaemia
alleles,	such	as	in	haemoglobin	H/Constant	Spring,	in	atrisk	populations	should	lead	to	careful	 in	utero
monitoring	of	affected	pregnancies	for	signs	of	hydrops	fetalis	as	prompt	IUT	has	been	shown	to	prevent
fetal	morbidity	and	mortality.164

Neonatal	haemolysis	due	to	unstable	α	chain	variants
While	most	α	chain	mutations	do	not	cause	clinically	significant	disorders	either	in	the	newborn	or	in
older	children,	occasional	variants	do	cause	problems	specifically	in	the	newborn.	In	particular,	they	are
a	rare	cause	of	unexplained	neonatal	jaundice	and	anaemia.165	The	best	known	example	is	haemoglobin
Hasharon	(p.Asp>HisHBA2:c.142G>C),	which	is	mildly	unstable	(due	to	a	higher	propensity	for
dissociation	into	subunits)	and	is	found	mainly	in	Ashkenazi	Jewish	families.	The	interaction	between
Hasharon	α	chains	and	γ	chains	in	the	fetal	form	of	haemoglobin	Hasharon	results	in	an	unstable
haemoglobin	that	manifests	as	neonatal	haemolytic	anaemia.166	The	haemolysis	is	transient,	resolving	with
the	transition	from	the	fetal	to	the	adult	form	of	haemoglobin	Hasharon	trait	at	several	months	of	age.	The
haemolysis	is	usually	mild	and,	in	practice,	most	infants	with	α	chain	mutations	are	detected	only	as	part
of	routine	neonatal	screening.	However,	the	diagnosis	may	be	difficult	to	establish	because	of	the
instability	of	the	abnormal	haemoglobin	produced;	mass	spectrometry	or	molecular	analysis	is	usually
more	reliable	than	HPLC.

https://conference.globalcastmd.com/ucsf-alpha-thalassemia-major/archive


Neonatal	haemolysis	due	to	unstable	γ	chain	variants
At	least	130	different	γ	chain	variants	have	been	described,	many	of	which	either	cause	transient	neonatal
haemolytic	anaemia	or	are	picked	up	as	a	result	of	neonatal	haemoglobinopathy	screening	programmes.167
The	most	wellknown	unstable	γ	chain	variants	are	haemoglobin	F	Poole 168	and	haemoglobin	F
Bonheiden,169	which	both	cause	haemolytic	anaemia	with	Heinz	bodies	(red	cell	inclusions	composed	of
denatured	haemoglobin)	confined	to	the	first	few	weeks	of	life.	The	anaemia	completely	resolves	as	γ
chains	are	replaced	by	the	production	of	normal	β	chains.	Hydrops	fetalis	has	also	been	reported	in	a
unique	family	where	triplets,	who	were	homozygous	for	haemoglobin	Taybe,	were	born	at	27	weeks’
gestation	with	microcytic	anaemia	(Hb	71–95	g/l),	generalised	oedema	and	ascites.170

Heterozygosity	for	εγβδ	thalassaemia
Although	rare,	the	diagnosis	of	heterozygous	εγβδ	thalassaemia	(often	referred	to	as	γδβ	thalassaemia)
should	be	considered	in	neonates	with	unexplained	haemolytic	anaemia	associated	with	microcytic
hypochromic	red	cells	and	erythroblastosis.171,172	Sometimes	there	is	hepatosplenomegaly	and	the	blood
film	may	show	basophilic	stippling.	These	conditions	result	either	from	large	deletions	that	remove	the
entire	β	globin	gene	cluster172	or	from	deletions	in	which	the	structural	genes	are	left	intact	but	important
regulatory	elements	are	removed.173	Homozygosity	has	not	been	reported	and	would	be	incompatible	with
life.	Heterozygous	neonates	often	require	red	cell	transfusion	but	generally	become	transfusion
independent	after	the	first	few	months	of	life.171	IUT	has	also	occasionally	been	required.174

Beta	globin	disorders	in	the	neonatal	period
Beta	globin	disorders	usually	present	in	the	neonatal	period	as	a	result	of	neonatal	haemoglobinopathy
screening	results	rather	than	with	clinical	problems,	which	usually	do	not	develop	until	after	the	first	few
months	of	life.

Beta	thalassaemias

Beta	thalassemia	major,	even	when	caused	by	homozygous	β0	mutations,	typically	has	no	overt	clinical	or
haematological	abnormalities	at	birth.	As	the	Hb	falls	over	the	second	and	third	months	of	life,	infants
feed	more	slowly	and	the	rate	of	weight	gain	slows.	Increasing	anaemia	is	accompanied	by	noticeable
pallor	and	the	development	of	splenomegaly	together	with	the	appearance	of	polychromasia	and
circulating	erythroblasts.	Although	there	are	no	consistent	or	reliable	abnormalities	in	the	red	cell	indices
or	blood	film	in	neonates	with	this	condition,	an	interesting	report	published	more	than	60	years	ago	does
suggest	that	subtle	features,	including	very	mild	anaemia,	may	be	present	in	some	affected	neonates,175
although	possibly	because	of	concomitant	causes	of	anaemia	in	those	cases.	A	diagnosis	of	β	thalassaemia
major	is	strongly	suggested	by	the	absence	of	haemoglobin	A	on	HPLC,	especially	in	a	term	neonate,	and
where	both	parents	have	been	shown	to	have	β	thalassaemia	heterozygosity.	Neonates	with	β	thalassemia
trait	have	no	abnormal	haematological	findings	either	in	the	red	cell	indices	or	in	the	blood	film;
microcytosis	and	hypochromia	normally	become	evident	by	6	months	of	age.	Antenatal	(or	preconceptual)
screening	should	be	offered	to	all	couples	at	risk	of	having	a	child	affected	by	β	thalassaemia	major.

Sickle	cell	disease
Babies	with	sickle	cell	disease	(sickle	cell	anaemia	and	compound	heterozygous	states	causing	a	sickling
disorder)	are	generally	not	anaemic	at	birth	and	have	no	consistent	abnormalities	of	red	cell	morphology
in	blood	films	examined	in	the	first	few	weeks	of	life.	Target	cells	are	occasionally	present	in	neonates



with	sickle	cell	disease,	particularly	those	with	haemoglobin	S/haemoglobin	C	compound	heterozygosity.
HPLC	in	neonates	with	sickle	cell	anaemia	(βSβS)	typically	shows	15–20%	haemoglobin	S	and	the
absence	of	haemoglobin	A	(Fig.	2.21),	in	contrast	to	neonates	with	sickle	cell	trait	(ββS)	where	there	is
approximately	10%	haemoglobin	A	together	with	a	similar	amount	of	haemoglobin	S	(Fig.	2.22).	In	cases
where	clinically	evident	sickle	cell	disease	has	been	diagnosed	during	the	neonatal	period,	the	most
frequent	findings	are	jaundice,	fever,	pallor,	respiratory	distress	and	abdominal	distention.176

Neonatal	microcytic	anaemia
The	differential	diagnosis	of	neonatal	microcytosis	and	microcytic	anaemias	is	shown	in	Table	2.12).
This	includes	specific	red	cell	membrane	disorders,	such	as	HPP,	discussed	earlier,	most	of	the
haemoglobinopathies	that	present	in	the	neonatal	period,	and	chronic	in	utero	blood	loss	as	discussed
later.	A	small	number	of	rare	sideroblastic	anaemias	present	with	hypochromic	microcytic	anaemia	in	the
neonatal	period.

Sideroblastic	anaemias	presenting	in	the	neonatal	period
Congenital	sideroblastic	anaemia	is	a	rare	disease	caused	by	mutations	of	genes	involved	in	haem	and
iron–sulphur	cluster	formation,	and	mitochondrial	protein	biosynthesis.	While	the	majority	of	these
disorders	present	later	in	childhood	or	in	adulthood,	a	number	present	in	the	neonatal	period	with
microcytic	anaemia	with	or	without	syndromic	features.177	A	recent	European	survey	of	congenital
sideroblastic	anaemia	identified	neonatal	presentations	in	some	cases	of	Xlinked	sideroblastic	anaemia
(XLSA)	due	to	mutations	in	the	ALAS2	gene,	in	some	cases	with	autosomal	recessive	sideroblastic
anaemia	caused	by	biallelic	mutations	in	 the	SLC25A38	gene	and	in	cases	with	mutation	of	the	TRNT1
gene.177	The	same	report	noted	that	a	molecular	defect	could	not	be	identified	in	almost	onethird	of
patients	with	congenital	sideroblastic	anaemia,	including	several	that	presented	in	the	neonatal	period.	Of
note,	several	series	have	demonstrated	that	congenital	sideroblastic	anaemia	caused	by	SLC25A38
mutations	is	nearly	always	associated	with	severe	microcytic	anaemia	in	the	neonatal	period.177–179
Infants	with	anaemia	due	to	SLC25A38	mutations	usually	require	red	cell	transfusion	during	the	neonatal
period	and	remain	transfusiondependent	thereafter.	 Congenital	sideroblastic	anaemia	due	to	TRNT1
mutations	is	also	associated	with	severe	neonatal	microcytic	anaemia	in	virtually	all	reported	cases.	This
syndromic	disorder,	first	termed	SIFD	syndrome,	is	characterised	by	a	tetrad	of	congenital	sideroblastic
anaemia,	B	cell	immunodeficiency,	periodic	fevers	and	developmental	delay.180	Severe	cases	of	SIFD
due	to	mutations	in	TRNT1	may	present	with	hydrops	fetalis	due	to	progressive	fetal	anaemia.181	Affected
infants	remain	transfusiondependent	and	haemopoietic	stem	cell	transplantation	is	usually	recommended
as	a	curative	approach	for	both	the	anaemia	and	immunodeficiency.181





Fig.	 2.21	 High	 performance	 liquid	 chromatography	 (HPLC)	 on	 a	 BioRad	 Variant	 II	 instrument	 of	 a
neonate	with	sickle	cell	anaemia	(SS)	showing	84.7%	haemoglobin	F,	no	haemoglobin	A	and	an	estimated
17.9%	in	 the	haemoglobin	S	window.	The	complex	peaks	 to	 the	 left	 are	posttranslationally	modified
haemoglobin	F.	Note	the	very	low	percentage	of	haemoglobin	A2,	which	is	expected	in	a	neonate.



Fig.	2.22	HPLC	on	a	BioRad	Variant	II	instrument	of	a	neonate	with	sickle	cell	trait	(AS)	showing	75.3%
haemoglobin	F,	15.3%	haemoglobin	A	and	9.9%	in	the	haemoglobin	S	window.	Note	that	 in	sickle	cell
trait	the	S	percentage	is	lower	than	the	A	percentage.



Table	2.13	Useful	diagnostic	tests	in	neonatal	anaemia	due	to	blood	loss

Neonatal	anaemia	due	to	blood	loss Diagnostic	clues	and	useful	tests
Fetomaternal	haemorrhage:	acute	or	chronic Maternal	Kleihauer	test	or	measurement	of	haemoglobin

Fcontaining	cells	in	the	maternal	circulation	by	flow
cytometry
Neonatal	blood	film	(erythroblastosis;	dimorphic	if	acute
on	chronic	blood	loss)

Fetofeto	haemorrhage	(twintotwin
transfusion)

Blood	count	on	both	twins
Blood	film	on	both	twins	–	donor	twin	will	have
erythroblastosis	and,	if	chronic	blood	loss,	may	have
hypochromic	red	cells

Fetal/neonatal	haemorrhage:
cephalohaematoma,	intraabdominal
bleeding,	pulmonary	haemorrhage

Blood	film:	erythroblastosis	if	large	recent	haemorrhage
Imaging	to	identify	the	site	of	bleeding

Neonatal	anaemia	due	to	blood	loss
Blood	loss	as	a	cause	of	neonatal	anaemia	may	be	very	obvious	(for	example,	a	cephalohaematoma	or
rupture	of	the	umbilical	cord)	but	more	often	the	blood	loss	is	concealed	and	easy	to	miss	unless
specifically	sought	(for	example	a	fetomaternal	bleed).	Usually,	the	most	serious	blood	loss	occurs	prior
to	delivery	and	important	causes	of	this	are	twintotwin	transfusion	and	fetomaternal	haemorrhage.
Acute	perinatal	blood	loss	as	a	cause	of	unexpected	severe	neonatal	anaemia	and	severe	hypovolaemic
shock	is	often	missed	initially,	leading	to	a	delay	in	treatment	and	a	significant	risk	of	neonatal	death	or
severe	anoxic	brain	damage	leading	to	neurological	damage.182,183	Recent	data	suggest	that	up	to	40%	of
cases	of	severe	fetomaternal	haemorrhage	are	missed184	and	awareness	of	this	complication	amongst
obstetricians	is	often	low.185	Although	much	less	dramatic,	chronic	neonatal	blood	loss	secondary	to
iatrogenic	blood	letting	is	also	important	to	consider	as	this	is	by	far	the	most	common	cause	of	anaemia
in	hospitalised	neonates	and	strategies	are	now	available	to	minimise	this.186

The	main	causes	of	neonatal	anaemia	due	to	blood	loss	are	shown	in	Table	2.13.

Twintotwin	transfusion
This	occurs	in	monochorionic	twins	with	monochorial	placentas	where	there	are	two	amniotic	sacs
(diamniotic).187	In	this	situation,	the	twins	share	a	placenta	within	which	there	are	multiple	vascular
anastomoses	that	allow	blood	to	flow	between	the	twins	either	in	fetal	life	or	during	delivery.188	Although
blood	flow	between	the	twins	is	balanced	in	most	cases,	in	up	to	20%	of	cases	net	blood	flow	is	towards
one	of	the	twins.	When	this	occurs	before	birth	this	is	known	as	twintotwin	transfusion	syndrome
(TTTS)	or	twin	anaemia–polycythaemia	sequence	(TAPS),	depending	upon	the	size	of	the	vascular
anastomoses	and	the	associated	clinical	sequelae;	when	bleeding	between	the	twins	occurs	during
delivery,	it	is	known	as	peripartum	TTTS	(reviewed	in	reference	189).

Twintotwin	transfusion	affects	around	10%	of	monochorionic	twin	pregnancies. 190	Bleeding	in	TTTS
usually	occurs	during	the	second	trimester	and	carries	a	very	high	mortality	rate	if	left	untreated.191	The
diagnosis	is	based	on	the	ultrasound	findings,	which	predominantly	show	oligohydramnios	in	the	donor
twin	and	reciprocal	polyhydramnios	in	the	recipient	twin.	The	presence	of	haematological	problems	in
neonates	affected	by	TTTS	depends	on	the	type	of	antenatal	treatment.	While	twins	treated	with	laser



coagulation	surgery	generally	have	no	significant	difference	in	Hb	levels,	for	TTTS	twins	treated
conservatively	(expectant	management	or	serial	amnioreduction),	donor	twins	typically	have	a
significantly	lower	Hb	at	birth	than	recipient	twins;	a	recent	study	reported	a	median	intertwin
difference	of	36	(16–60)	g/l.192	In	conservatively	managed	cases,	around	onethird	of	donor	twins	will
require	red	cell	transfusion	for	anaemia	soon	after	delivery,	while	recipient	twins	may	develop	severe
hyperviscosity–polycythaemia,	leading	to	ischaemic	limb	necrosis.193	A	recent	retrospective	study
showed	that	even	after	fetal	laser	coagulation	surgery,	residual	patent	anastomoses	mean	that	around	50%
of	donor	twins	will	require	red	cell	transfusion	at	birth,	and	onethird	of	recipient	twins	will	have
severe	hyperviscosity/polycythaemia	and	require	exchange	transfusion.193	Nevertheless,	recent	data	show
that	treatment	with	fetoscopic	laser	coagulation	has	significantly	improved	the	outcome	from	a	mortality
rate	of	up	to	80%	to	30–40%,	although	about	10%	of	survivors	will	have	impaired	neurodevelopmental
outcome,	including	cerebral	palsy.193

Twin	anaemia–polycythaemia	sequence	is	a	newly	described	form	of	chronic	intertwin	blood
transfusion.194,195	This	also	leads	to	anaemia	in	the	donor	twin	and	polycythaemia	in	the	recipient	but
without	signs	of	oligo	or	polyhydramnios,	respectively.	 In	contrast	to	TTTS,	TAPS	is	caused	by
bleeding	through	very	small	placental	vascular	anastomoses	(diameter	<1	mm),	allowing	slow	transfusion
of	blood	from	one	twin	to	the	other,	without	the	major	haemodynamic	imbalance	seen	in	TTTS.	In	some
cases	TAPS	can	occur	with,	or	following	treatment	of,	TTTS,	when	it	typically	manifests	during	the
second	and	third	trimesters	of	pregnancy.	The	diagnosis	may	be	made	antenatally	by	identifying
differences	in	the	MCA	peak	systolic	velocity,	with	increased	velocity	predicting	anaemia	in	the	donor
twin	while	reduced	velocity	in	the	recipient	is	associated	with	polycythaemia.196	The	diagnosis	of	TAPS
after	birth	is	based	on	the	extent	of	differences	in	Hb	at	birth	in	monochorionic	twins.	Generally	accepted
postnatal	criteria	are	an	intertwin	Hb	difference	>80	g/l	and	either	a	donor/recipient	reticulocyte	count
ratio	of	>1.7	and/or	the	presence	of	minuscule	placental	anastomoses	(diameter	<1	mm).197	In	this
situation,	the	donor	twin	is	smaller,	pale	and	lethargic	and	may	have	overt	cardiac	failure.	By	contrast,	the
recipient	twin	is	often	plethoric,	with	polycythaemia,	hyperviscosity,	hyperbilirubinaemia	and,	in	the	most
severe	cases,	DIC.193	The	majority	of	donor	twins	will	require	shortterm	red	cell	transfusion	by	the	end
of	the	first	day	of	life	but,	unlike	TTTS,	emergency	transfusion	at	birth	is	not	usually	needed	as	the
anaemia	is	chronic.	Recipient	twins,	on	the	other	hand,	will	frequently	require	exchange	transfusion	for
severe	polycythaemia	to	reduce	the	risk	of	limb	ischaemia,	skin	necrosis	and	brain	injury.198–201

Bleeding	may	also	occur	acutely	during	labour	with	signs	similar	to	those	of	fetomaternal	haemorrhage.
However,	acute	peripartum	TTTS	is	very	uncommon,	affecting	around	1.5–2.5%	of	monochorionic	twins
and	little	is	known	about	the	pathogenesis.202

Fetomaternal	haemorrhage
Most	significant	fetomaternal	bleeds	occur	during	the	third	trimester,	either	spontaneously	or	secondary	to
trauma,	and	involve	very	small	quantities	of	blood	(0.5	ml	or	less).185	The	risk	of	fetomaternal
haemorrhage	is	increased	by	invasive	procedures,	including	caesarean	section,	fetal	blood	sampling,
amniocentesis	and	chorionic	villus	sampling,	as	well	as	by	obstetric	complications	such	as	placental
abruption,	placenta	praevia,	vasa	praevia,	choriocarcinoma	and	chorioangioma.203,204	Fetomaternal
haemorrhage	may	also	follow	falls	or	major	trauma,	such	as	road	traffic	accidents,	where	haemorrhage
can	be	massive	and	rapid	leading	to	a	high	rate	of	fetal	loss.205	Massive	fetomaternal	haemorrhage,
usually	defined	as	the	loss	of	more	than	20%	of	the	blood	volume	or	>30	ml	fetal	blood	transfused	into
the	maternal	circulation	(Case	2.9,	see	page	107),	may	cause	intrauterine	death	or	the	baby	may	be	born



with	hydrops	fetalis	or	circulatory	shock.206,207	In	some	cases	the	baby	appears	well,	but	pale,	at	birth	and
collapses	a	few	hours	later.	Careful	questioning	of	the	mother	may	elicit	a	history	of	reduced	or	absent
fetal	movements,	bleeding	or	trauma.

As	fetomaternal	haemorrhage	can	have	a	devastating	outcome,	both	in	the	acute	setting	and	secondary	to
longterm	neurological	damage,	prompt	diagnosis	is	crucial.	 The	diagnosis	should	be	considered	in	any
neonate	with	unexpected	severe	neonatal	anaemia	with	or	without	signs	of	hypovolaemic	shock.	In	fact,
the	presence	of	moderate	or	severe	anaemia	at	birth	in	an	otherwise	well	baby	with	no	or	minimal
jaundice	is	a	key	diagnostic	clue.	The	most	useful	diagnostic	tests	are	a	Coombs	test	to	exclude	immune
haemolysis,	a	reticulocyte	count	to	exclude	red	cell	aplasia,	a	Kleihauer	test	or	flow	cytometry	on
maternal	blood	to	quantify	the	number	of	haemoglobin	Fcontaining	fetal	red	cells	in	the	maternal
circulation,	and	a	blood	film,207	which	shows	large	numbers	of	NRBC,	particularly	where	there	has	been
a	large	acute	bleed	(Fig.	2.23a,b).	The	Kleihauer	(or	Kleihauer–Betke)	test	has	been	the	mainstay	of
laboratory	methods	for	estimating	the	volume	of	fetal	haemorrhage	for	more	than	50	years.	This	test	relies
on	the	principle	that	adult	(maternal)	red	blood	cells	normally	contain	almost	entirely	haemoglobin	A,
which	is	sensitive	to	acid	elution	in	vitro,	giving	rise	to	colourless	‘ghost’	cells	(Fig.	2.24a);	by	contrast,
fetal	red	cells	contain	mostly	haemoglobin	F,	which	is	resistant	to	acid	elution	and	stains	a	deep	pink
colour	(Fig.	2.24b).	The	Kleihauer	test	remains	very	widely	used	as	it	is	rapid	and	inexpensive	and	can
be	performed	without	expensive	equipment.208	However,	careful	attention	to	detail	and	controls	are
essential	as	systematic	evaluation	has	shown	both	over	and	underestimation	of	fetomaternal
haemorrhage.209	In	addition,	the	results	are	difficult	to	interpret	where	the	mother	herself	has	increased
haemoglobin	Fcontaining	cells	(‘Fcells’),	for	example	due	to	maternal	hereditary	persistence	of	fetal
haemoglobin	(HPFH)	or	HPFH/sickle	trait.210,211	Newer,	more	accurate	methods,	such	as	anti
haemoglobin	F	flow	cytometry	are	a	promising	alternative,	although	their	use	is	limited	by	equipment	and
staffing	costs.212

Fig.	2.23	Blood	film	of	two	term	neonates	with	anaemia	secondary	to	fetomaternal	haemorrhage	showing
(a)	a	very	marked	increase	in	erythroblasts	and	marked	polychromasia	on	the	first	day	of	life	and	(b)	three
erythroblasts	as	well	as	an	occasional	spherocyte	and	mild	polychromasia	on	day	3	of	life.	Note	that	the
dyserythropoiesis	shown	by	several	erythroblasts	is	a	feature	of	‘stress	erythropoiesis’.	MGG,	(a)	×40;
(b)	×100.



Fig.	2.24	Kleihauer–Betke	test.	(a)	This	image	shows	maternal	red	blood	cells	containing	almost	entirely
haemoglobin	A	 after	 acid	 elution	 in	 vitro	 causes	 the	 appearance	 of	 colourless	 ‘ghost’	 cells.	 (b)	 This
image	shows	the	positive	control	in	which	fetal	red	blood	cells	have	been	added	prior	to	acid	elution	and,
as	 these	contain	 largely	haemoglobin	F	which	 is	 resistant	 to	acid	elution,	 these	are	shown	here	stained
deep	pink.	×100.

Where	chronic	fetal	blood	loss	has	occurred,	the	baby	is	often	well	at	birth	but	may	present	with	cardiac
failure.	In	this	situation,	the	blood	film	shows	hypochromic,	microcytic	red	cells	as	well	as	circulating
erythroblasts	(Fig.	2.25)	and	the	Kleihauer	result	may	be	difficult	to	interpret.	In	some	cases,	however,
chronic	fetomaternal	blood	loss	is	followed	by	an	acute	bleed,	with	resultant	severe	anaemia	(Hb	<50
g/l)	and	a	high	risk	of	longterm	brain	injury. 213	Another	potential	confounding	factor	is	when	there	is
ABO	incompatibility	between	the	mother	and	baby	and	the	baby	is	disproportionately	anaemic.214,215	In
such	cases,	the	fetal	cells	may	be	rapidly	destroyed	within	the	maternal	circulation	and	a	high	index	of
suspicion	of	fetomaternal	haemorrhage	as	a	cause	of	neonatal	anaemia	is	needed,	in	order	to	perform	the
Kleihauer	test	as	soon	as	possible.

Choriocarcinoma	is	a	very	rare	cause	of	massive	fetomaternal	haemorrhage,	which	it	is	important	to
consider	in	all	cases	as	the	presence	of	unexplained	severe	neonatal	anaemia	may	provide	the	first	clue	to
the	diagnosis.216	It	may	also	present	as	fetal	hydrops,	IUGR	or	intrauterine	fetal	death.217	The	presence	of
choriocarcinoma	is	often	not	recognised	at	delivery	because	the	tumour	is	not	visible	macroscopically.218
Despite	the	risk	to	the	fetus	and	newborn,	recent	data	show	a	cure	rate	in	affected	women	of	almost	100%
even	in	the	presence	of	metastases.219



Fig.	2.25	Blood	film	of	a	term	neonate	born	with	severe	anaemia	(Hb	50	g/l)	showing	three	normoblasts,
an	 erythroblast	 containing	 a	 mitotic	 figure,	 polychromasia	 and	 a	 mixture	 of	 normochromic	 and
hypochromic	red	cells	as	well	as	some	spherocytes.	The	Kleihauer–Betke	test	estimated	the	fetal	blood
loss	 at	 less	 than	30	ml	 and	a	diagnosis	of	 acute	 fetomaternal	haemorrhage	on	a	background	of	 chronic
fetomaternal	haemorrhage	was	suspected.	MGG,	×100.

Neonatal	anaemia	due	to	blood	loss	at	or	after	delivery
Anaemia	due	to	blood	loss	around	the	time	of	delivery	is	usually	due	to	obstetric	complications,	including
placenta	praevia,	placental	abruption	or	incision	of	the	placenta	during	caesarean	section	or,	alternatively,
is	due	to	bleeding	from	the	umbilical	cord	caused	by	trauma	or	inadequate	cord	clamping.	In	these
circumstances,	the	babies	are	often	extremely	ill,	with	circulatory	shock,	anaemia	worsening	rapidly	after
birth,	large	numbers	of	circulating	NRBC	and	DIC.	One	of	the	most	serious	causes	of	acute	fetal	blood
loss	is	vasa	praevia,	an	anomaly	of	placentation	which	results	in	aberrant	fetal	blood	vessels	running
across	the	internal	os	of	the	cervix.	These	vessels	are	at	risk	of	rupture	during	labour	when	the	supporting
membranes	rupture	because	they	are	unsupported	by	the	umbilical	cord	or	placental	tissue.220	The	classic
presentation	is	with	painless	vaginal	bleeding	in	the	mother,	but	the	diagnosis	can	easily	be	missed
because	the	volume	of	blood	is	relatively	small	and	it	is	impossible	to	distinguish	fetal	from	maternal
blood	by	appearance.	The	incidence	of	vasa	praevia	is	estimated	to	be	around	1	in	2500	pregnancies	and
the	condition	carries	a	fetal	mortality	of	almost	50%.220	The	presence	of	vasa	praevia	can	be	detected
antenatally	using	vaginal	ultrasound,	although	this	is	not	routine	practice.	Nevertheless,	recent	studies
have	shown	that	prenatal	diagnosis	in	centres	with	prenatal	diagnosis	expertise	can	be	associated	with
100%	neonatal	survival	by	performing	early	caesarean	section.221



Acute	neonatal	anaemia	may	also	be	due	to	internal	haemorrhage	in	the	baby,	usually	in	association	with	a
traumatic	delivery.	This	may	be	immediately	evident,	for	example	cephalohaematoma,	or	less	obvious,
for	example	pulmonary	or	intraabdominal	haemorrhage.	 In	such	babies,	particularly	if	there	is	no
history	of	trauma,	it	is	important	to	consider	whether	there	an	underlying	bleeding	diathesis,	such	as
haemophilia	or	vitamin	K	deficiency.	Inherited	and	acquired	coagulation	disorders	that	may	present	with
bleeding	at	birth	or	during	the	neonatal	period	are	discussed	in	Chapter	4.

Anaemia	of	prematurity
Anaemia	of	prematurity	refers	to	the	normal	physiological	fall	in	Hb	over	the	first	4–8	weeks	of	life	in	a
preterm	neonate.	The	pathogenesis	is	multifactorial	and	includes	the	shorter	lifespan	of	fetal	red	blood
cells,	the	relatively	low	EPO	concentrations	in	the	first	few	weeks	of	life	and	the	rapid	growth	of	the
baby	during	this	period	as	well	as	iatrogenic	anaemia	due	to	phlebotomy	for	diagnostic	investigations.1,186
Phlebotomy	losses	are	typically	highest	in	very	low	birthweight	neonates	(<1500	g	at	birth)	who	have
been	estimated	to	lose	11–22	ml/kg	per	week	during	the	first	6	weeks	of	life,	equivalent	to	15–30%	of
their	circulating	blood	volume.222	Nutritional	deficiency	no	longer	plays	a	significant	role,	at	least	in
wellresourced	countries,	due	to	routine	prophylactic	supplementation	with	iron	and	folic	acid. 223	The
clinical	impact	of	anaemia	of	prematurity	has	been	the	subject	of	a	large	number	of	studies	which,
together,	suggest	a	significant	association	between	the	extent	of	anaemia	and	brain	injury,	necrotising
enterocolitis	(NEC)	and	retinopathy	of	prematurity.224–227	The	relationship	between	the	degree	of	anaemia
and	tissue	hypoxiarelated	damage,	as	well	as	the	impact	of	different	red	cell	transfusion	strategies	and
the	timing	and	dose	of	EPO	administration,	is	described	in	detail	in	recent	reviews.228–230

The	diagnosis	of	anaemia	of	prematurity	is	usually	straightforward.	Typically,	a	well	preterm	baby	has	a
slowly	falling	Hb	with	an	unremarkable	blood	film	showing	normochromic,	normocytic	red	blood	cells,	a
slightly	low	reticulocyte	count	(e.g.	20	×	109/l)	and	no	NRBC.	However,	where	topup	red	cell
transfusion	is	being	considered,	it	is	important	to	first	exclude	other	potential	causes	of	anaemia	using
clinical	features	and	a	diagnostic	algorithm	such	as	shown	in	Fig.	2.26.

Management	of	anaemia	of	prematurity
Strategies	for	the	management	of	this	neonatal	anaemia	vary	in	different	countries,	different	centres	and
also	between	clinicians.	Of	the	three	main	approaches,	there	is	increased	use	of	the	most	conservative
approach	(watchful	waiting)	as	the	complications	and	costs	of	the	other	two	approaches	are	increasingly
recognised	–	topup	red	cell	transfusion	and	administration	of	erythropoiesisstimulating	agents,	such	as
EPO	and	darbepoetin.230	Whatever	option	is	chosen,	it	should	be	combined	with	appropriate	measures	to
minimise	the	severity	and	duration	of	anaemia,	including	limiting	iatrogenic	blood	loss	by	using	blood
logs,	strict	criteria	for	routine	blood	tests	and	miniaturised	assays.231–233	There	is	also	increasing	interest
in	delayed	clamping	of	the	umbilical	cord	at	delivery	to	increase	the	Hb/haematocrit	at	birth.	In	addition,
all	preterm	neonates	should	be	given	iron	supplementation	(3	mg/kg/day	from	4–6	weeks	of	age	or	iron
fortified	formula	with	0.5–0.9	mg/dl	iron)	and	folate	supplementation	(50	μg	daily	or	500	μg	once
weekly).234

Delayed	clamping	of	the	cord	to	minimise	neonatal	anaemia
A	recent	systematic	review	of	delayed	(30	seconds	or	more)	versus	early	clamping	of	the	cord	at	delivery
in	preterm	infants	included	18	randomised	studies.235	Although	shown	to	be	a	safe	option,	the	effects	of
this	approach	on	the	haematocrit	at	birth	was	very	small	(an	increase	of	2.7%)	while	the	proportion	of



neonates	who	were	transfused	fell	by	10%.	Nevertheless,	this	review	also	showed	that	inhospital
mortality	was	significantly	reduced	(risk	ratio	0.68).235	Importantly,	the	outcome	of	two	of	the	randomised
studies	suggests	that	neurodevelopmental	outcome	is	improved,	and	some	countries,	including	the	UK
(https://www.resus.org.uk/library/2021resuscitationguidelines/newbornresuscitationand
supporttransitioninfantsbirth )	and	the	USA,	now	recommend	delaying	cord	clamping	for	at	least	30–
60	seconds	for	uncompromised	preterm	and	term	neonates	(https://www.acog.org/clinical/clinical
guidance/committeeopinion/articles/2020/12/delayedumbilicalcordclampingafterbirth ).	The
safety	and	efficacy	of	delayed	cord	clamping	and	cord	‘milking’	in	preterm	infants	less	than	29	weeks’
gestation	at	birth	is	not	yet	clear,236	awaiting	the	outcome	of	several	ongoing	trials.237

https://www.resus.org.uk/library/2021-resuscitation-guidelines/newborn-resuscitation-and-support-transition-infants-birth
https://www.acog.org/clinical/clinical-guidance/committee-opinion/articles/2020/12/delayed-umbilical-cord-clamping-after-birth




Fig.	2.26	Diagram	showing	a	suggested	approach	to	the	diagnosis	of	neonatal	anaemia.	G6PD,	glucose
6phosphate	 dehydrogenase;	 HDFN,	 haemolytic	 disease	 of	 the	 fetus	 and	 newborn;	 MCV,	 mean	 cell
volume.

Topup	red	cell	transfusion
This	remains	the	mainstay	of	treatment	for	anaemia	of	prematurity.	However,	increasing	recognition	of	the
importance	of	limiting	transfusion	to	the	neonates	most	likely	to	benefit	from	this	treatment	is	leading	to
more	widespread	adoption	of	restrictive	transfusion	policies.	The	indications,	principles	and	hazards	of
neonatal	transfusion	are	briefly	summarised	below.

Erythropoiesisstimulating	agents	to	treat	and	prevent	neonatal	anaemia
The	two	erythropoiesisstimulating	agents	currently	available	for	use	in	neonates	are	recombinant	human
EPO	and	darbepoetin,	a	reengineered	form	of	EPO	with	a	longer	halflife.	 There	have	been	many
controlled	trials	of	erythropoiesisstimulating	agents	for	prevention	of	early	and	late	neonatal	anaemia,
which	have	recently	been	the	subject	of	Cochrane	systematic	reviews.228,229	There	is	no	doubt	that
recombinant	EPO	is	biologically	effective	in	that	it	stimulates	erythropoiesis	in	virtually	all	preterm
infants	and	there	is	no	evidence	that	preterm	or	term	neonates	are	physiologically	insensitive	to	EPO.
EPO	is	also	able	to	reduce	red	cell	transfusion	requirements	in	preterm	infants.228	The	recent	Cochrane
reviews	also	found	that	the	effects	of	EPO	administration	varied	depending	upon	when	treatment	was
started.	In	particular,	early	EPO	treatment,	before	the	age	of	8	days,	reduced	the	number	of	red	blood	cell
transfusions	as	well	as	the	total	transfusion	volume	and	donor	exposure.228	Early	administration	of	EPO
also	reduced	the	risk	of	intraventricular	haemorrhage	(IVH),	periventricular	leucomalacia	and	NEC
without	a	significant	increase	in	the	rate	of	retinopathy	of	prematurity.	However,	early	administration	of
EPO	is	not	currently	recommended	for	routine	use,	largely	because	it	is	not	clear	that	the	modest
reduction	in	transfusions	is	clinically	meaningful.	In	addition,	a	large	randomised	study	(PENUT;
NCT01378273)	recently	reported	that	there	was	no	neurodevelopmental	benefit	for	high	dose	EPO
administered	within	the	first	24	hours	of	life	until	32	weeks	corrected	gestational	age.238	The	results	of
late	administration	are	also	modest	and	the	benefits	remain	unproven.229	Specifically,	EPO	started
between	8	days	and	28	days	of	life	causes	a	small	reduction	in	the	number	of	red	blood	cell	transfusions
but	has	no	significant	effect	on	donor	exposure.	Given	that	EPO	does	have	some	impact	on	reducing
transfusion	requirements,	it	is	possible	that	future	changes	in	transfusion	practice	in	response	to	safety
concerns	or	parental	acceptance	may	lead	to	a	more	defined	role	for	erythropoiesisstimulating	agents	in
neonatal	medicine.

At	present,	the	main	indications	for	EPO	in	neonates	are	to	prevent	anaemia	in	those	who	have	received
IUT	for	alloantibodymediated	anaemia 14	and	in	a	nonemergency	situation	where	red	cell	transfusions
are	against	the	parents’	wishes	but	are	not	essential	(e.g.	preterm	babies	of	Jehovah’s	witnesses).239	The
recommended	dose	is	300	μg/kg	as	a	single	subcutaneous	injection	three	times	per	week	starting	in	the
first	week	of	life	as	the	Hb	does	not	start	to	rise	until	10–14	days	of	treatment.	Iron	supplements	(3
mg/kg/day)	should	be	started	as	soon	as	possible	to	prevent	the	rapid	development	of	iron	deficiency	in
EPOtreated	infants	(the	dose	may	need	to	be	increased	up	to	a	maximum	of	9	mg/kg/day	if	iron
deficiency	develops	on	the	standard	dose).240

A	simple	diagnostic	approach	to	neonatal	anaemia
As	discussed	earlier,	red	cell	disorders	associated	with	neonatal	or	fetal	anaemia	present	in	three	main



ways:	with	an	isolated	low	Hb,	with	jaundice	due	to	haemolysis	or	with	hydrops	fetalis.	A	diagnostic
algorithm	to	help	identify	which	of	these	causes	is	most	likely,	which	can	be	excluded	and	what	further
investigations	are	most	appropriate	is	shown	in	Figure	2.26.	A	list	of	the	haematological	causes	of
hydrops	fetalis	and	the	most	helpful	diagnostic	clues	is	shown	in	Table	2.14.

Table	2.14	Haematological	causes	of	hydrops	fetalis

Condition Diagnostic	clues	and	useful	tests
Failure	of	normal	red	cell
production
Parvovirus	B19
Diamond–Blackfan	anaemia
Congenital	dyserythropoietic
anaemia,	e.g.	CDA	type	II,
CDA	type	IV	(KLF1
mutations)
Rare	genetic	syndromes,	e.g.
Southeast	Asian	ovalocytosis;
IKZF1	mutation/deletion

Inappropriately	low	reticulocyte	count
Blood	film:	characteristic	red	cell	morphology	(CDA	and	Southeast
Asian	ovalocytosis)
Congenital	anomalies	(DBA)
Pancytopenia,	immune	defects	(IKZF1	mutation)

Haemolytic	disease	of	the
newborn
Rh	(mainly	antiD	and	anti
c)
ABO	(rare	cause	of	hydrops
and	mainly	due	to	antiB)
Other	blood	groups:	antiKell

Known	maternal	alloantibodies
Positive	Coombs	test
Previously	affected	sibling

Red	cell	membrane	disorders
Hereditary	stomatocytosis
Hereditary	spherocytosis
(rarely)
Hereditary	xerocytosis
(rarely)241

Family	history
Blood	film:	characteristic	red	cell	morphology
Negative	Coombs	test

Red	cell	enzymopathies	*

Pyruvate	kinase	deficiency
Glucose	phosphate	isomerase
deficiency

PK	deficiency	may	present	with	unexplained	neonatal	hepatic	failure;
often	difficult	to	establish	the	diagnosis	from	initial	enzyme	activity
assays

Haemoglobinopathies
Alpha	thalassaemia	major
(haemoglobin	Bart’s	hydrops
fetalis)
Haemoglobin	H	disease,
including	related	to
haemoglobin	Constant	Spring

Typical	red	cell	indices	and	blood	film	abnormalities
Family	history	and	ethnic	origin



Chronic	fetal	blood	loss
Twintotwin	transfusion Monochorionic	twins

Discrepant	Hb	between	the	twins
Storage	disorders Hepatosplenomegaly

Metabolic	problems
Family	history
Blood	film	(lymphocyte	vacuolation)

Malignancies
Transient	abnormal
myelopoiesis	in	Down
syndrome
Congenital	acute	myeloid	or
acute	lymphoblastic	leukaemia
Haemophagocytic
lymphohistiocytosis

TAM:	hepatosplenomegaly,	ascites,	pleural/pericardial	effusions	and/or
skin	rash	in	severe	cases;	leucocytosis	and	increased	blast	cells	are	the
most	reliable	haematological	feature;	anaemia	is	uncommon
Acute	leukaemia:	hepatosplenomegaly,	skin	nodules,	leucocytosis,
increased	blast	cells,	rapidly	progressing	anaemia	and	thrombocytopenia
HLH:	hepatosplenomegaly,	fever,	multiorgan	failure,	disseminated
intravascular	coagulation

*	G6PD	deficiency	in	neonates	most	often	presents	with	jaundice	with	few	or	no	red	cell	morphological	abnormalities	and	a	normal	Hb.
CDA,	congenital	dyserythropoietic	anaemia;	DBA,	Diamond–Blackfan	anaemia;	G6PD,	glucose6phosphate	dehydrogenase;	Hb,
haemoglobin	concentration;	HLH,	haemophagocytic	lymphohistiocytosis;	PK,	pyruvate	kinase;	TAM,	transient	abnormal	myelopoiesis.



Table	2.15	Causes	of	neonatal	polycythaemia

Condition Diagnostic	clues	and	useful	tests
Chronic
intrauterine
hypoxia
Intrauterine
growth	restriction
Maternal
hypertension
Maternal	diabetes

Clinical	evidence	of	intrauterine	growth	restriction:	low	birthweight,	reduced	end
diastolic	blood	flow
Maternal	history
Marked	erythroblastosis	despite	high	Hb
Associated	mild/moderate	thrombocytopenia	resolving	within	7–10	days	±	mild,
selflimiting	neutropenia
Howell–Jolly	bodies

Chromosomal
disorders
Trisomy	21
Trisomy	18
Trisomy	13

Typical	facies	and	associated	congenital	anomalies
Other	typical	neonatal	haematological	abnormalities,	e.g.	thrombocytopenia,
dysplastic	white	cells	and	increased	blast	cells

Twintotwin
transfusion

Discrepant	Hb	concentrations	in	monochorionic	twins	(>30	g/l)	–	one	twin	plethoric
and	the	other	pale	in	severe	cases

Endocrine
disorders
Thyrotoxicosis
Congenital
adrenal
hyperplasia

Thyrotoxicosis:	IUGR,	goitre,	exophthalmos,	stare,	craniosynostosis,	flushing,	heart
failure,	tachycardia,	arrhythmias,	hypertension,	hypoglycaemia
CAH:	arrythmias,	vomiting,	hyponatraemia,	hypoglycaemia;	ambiguous	genitalia
(females)

Delayed
clamping	of	the
cord

Relevant	history	of	delayed	clamping	and	no	evidence	of	alternative	causes

CAH,	congenital	adrenal	hyperplasia;	Hb,	haemoglobin	concentration;	IUGR,	intrauterine	growth	restriction.

Neonatal	polycythaemia
For	practical	purposes,	in	both	term	and	preterm	infants,	polycythaemia	can	be	defined	as	a	central
venous	haematocrit	of	greater	than	0.65,	because	there	is	an	exponential	rise	in	blood	viscosity	above	this
level.242	However,	even	at	haematocrits	greater	than	0.70,	only	a	minority	of	neonates	have	clinical	signs
of	hyperviscosity,	such	as	lethargy,	hypotonia,	hyperbilirubinaemia	and	hypoglycaemia.243	In	severe
cases,	skin	necrosis	has	been	reported	and	polycythaemia	is	also	likely	to	be	a	contributory	factor	in	the
pathogenesis	of	NEC	and	in	thrombotic	disorders	such	as	neonatal	seizures,	stroke	and	renal	vein
thrombosis.244

Causes	of	polycythaemia	are	shown	in	Table	2.15.	The	most	common	cause	is	chronic	fetal	hypoxia
secondary	to	IUGR,	maternal	hypertension/preeclampsia	or	maternal	diabetes.	 Neonates	with	Down
syndrome	are	also	frequently	polycythaemic	and	this	is	secondary	to	the	effects	of	trisomy	21	on	fetal



erythropoiesis	rather	than	congenital	heart	disease.245	Another	important	cause	of	severe	polycythaemia	is
TAPS	(see	earlier)	where	there	has	been	chronic	intertwin	transfusion	throughout	the	second	and	third
trimesters	of	pregnancy.189

Treatment	is	controversial	and	is	not	necessary	in	infants	with	very	minor	signs	(for	example	borderline
hypoglycaemia	or	poor	peripheral	perfusion).	Infants	with	neurological	signs	and	a	haematocrit	greater
than	0.65	should	have	a	partial	exchange	transfusion	(using	a	crystalloid	solution	such	as	normal	saline)	to
reduce	the	haematocrit	to	0.55.	There	is	no	evidence	to	support	the	use	of	FFP	or	albumin	for	this
procedure.61

Haematological	causes	of	cyanosis
Although	cyanosis	in	neonates	is	nearly	always	due	to	underlying	cardiac	or	respiratory	compromise,
there	are	several	rare	and	wellrecognised	haematological	causes	of	cyanosis	( Table	2.16),	which	may
cause	diagnostic	confusion.	Cyanosis	(or	pseudocyanosis)	is	present	at	birth	with	α	and	γ	chain
methaemoglobins.246	The	skin	colour,	brownish/slate,	differs	slightly	from	cyanosis	due	to	an	increased
percentage	of	deoxyhaemoglobin.	In	the	case	of	the	γ	chain	variants	haemoglobin	FMOsaka,
haemoglobin	FMFort	Ripley	and	FMCircleville,	the	cyanosis	disappears	as	β	chain	synthesis
takes	over	from	γ	chain	synthesis.	With	α	chain	variants	the	cyanosis	persists.	Haemoglobin	MIwate	and
haemoglobin	MBoston	are	not	only	methaemoglobins	but	also	have	a	low	oxygen	affinity	so	that	there	is
both	pseudocyanosis	and	true	cyanosis.	In	addition,	there	are	two	γ	chain	variants	–	haemoglobin	FM
Fort	Ripley	and	haemoglobin	FMOsaka	–	that	are	methaemoglobins	and	also	unstable.	 Neonatal
methaemoglobinaemia	can	be	acquired	rather	than	inherited.	Neonates	are	more	susceptible	to	oxidation
of	haemoglobin	than	older	infants	and	adults,	both	because	haemoglobin	F	is	more	susceptible	to
oxidation	than	haemoglobin	A	and	because	methaemoglobin	reductase	activity	is	relatively	low.

Principles	of	red	cell	transfusion	in	neonates
The	decision	to	transfuse	a	neonate	with	anaemia	depends	on	the	cause	and	natural	history	of	the	anaemia
as	well	as	the	severity,	the	rate	of	fall	in	Hb,	the	postnatal	and	gestational	age	of	the	neonate	and	the
clinical	signs.	The	majority	of	red	cell	transfusions	administered	to	neonates	are	small	‘topups’	for
anaemia	of	prematurity	and/or	to	compensate	for	phlebotomy	losses.	Increasing	recognition	of	the	hazards
of	transfusion	in	neonates	has	led	to	reevaluation	of	transfusion	thresholds	(see	recent	reviews). 247–249

Many	countries	have	developed	expertbased	consensus	guidelines	for	neonatal	transfusion	which
incorporate	available	evidence,	much	of	which	does	not	yet	come	from	controlled	trials.	Two	large
randomised	controlled	trials	of	liberal	versus	restrictive	transfusion	policies	in	preterm	neonates	have
recently	been	designed.	The	first,	the	Effect	of	Transfusion	Thresholds	on	Neurocognitive	Outcome	of
ELBW	infants	trial	(ETTNO	trial;	NCT01393496),	which	was	completed	in	October	2018,	showed	that
using	a	liberal	rather	than	restrictive	red	cell	policy	did	not	reduce	the	likelihood	of	death	or	disability	at
the	age	of	24	months.250	The	Transfusion	of	Prematures	trial	(TOPs	trial;	NCT01702805)	is	due	to
complete	in	August	2023.	In	the	meantime,	the	indications	for	topup	transfusion	and	exchange
transfusion	recommended	by	the	British	Committee	for	Standards	in	Haematology	are	summarised	in
Table	2.17.



Table	2.16	Haematological	causes	of	cyanosis

Lowaffinity	haemoglobin

α	chain	variants,	e.g.	haemoglobin	Titusville

γ	chain	variants,	e.g.	haemoglobin	Toms	River,	haemoglobin	FSarajevo
Methaemoglobinaemia
Variant	haemoglobin	(Haemoglobin	M)

α	chain	variants,	e.g.	haemoglobin	MIwate

γ	chain	variants,	e.g.	haemoglobin	FMOsaka,	haemoglobin	FMFort	Ripley

Cytochrome	b5	reductase	(methaemoglobin	reductase)	deficiency
Oxidant	exposure	(highdose	methylene	blue,	local	anaesthetic)

Table	2.17	Indications	for	red	cell	transfusion	in	the	neonatal	period*

Postnatal	age Haemoglobin	threshold	for	transfusion
0–7	days 100–120	g/l	(if	oxygendependent)

<100	g/l	(if	oxygenindependent)
8–14	days 95–100	g/l	(if	oxygendependent)

<75–85	g/l	(if	oxygenindependent)
15	days	onwards 85	g/l

*	Based	on	the	recommendations	of	the	British	Committee	for	Standards	in	Haematology.61

The	main	risks	of	transfusion	in	neonates	include:	metabolic	complications,	such	as	hyperkalaemia	and
hypocalcaemia;	transfusiontransmitted	infections,	such	as	CMV	infection	if	CMVunscreened	blood
products	are	used;	and	immunological	complications,	such	as	TAGvHD	which,	though	rare	in	neonates,
has	a	high	mortality.230	Many	of	these	risks	can	be	reduced	by	the	use	of	‘paedipacks’	of	up	to	six	small
volume	red	cell	transfusion	bags	prepared	from	a	single	donor	unit.	The	use	of	paedipacks	reduces
transfusion	exposure	for	multiply	transfused	preterm	neonates;	although	it	may	mean	using	older	red	blood
cells,	this	has	not	been	shown	to	adversely	affect	neonatal	outcome.61	In	the	UK,	transfusion	of	CMV
seronegative	blood	products	is	also	recommended	for	all	transfusions	in	neonates	up	to	44	weeks
corrected	gestational	age.	The	optimal	transfusion	volume	for	neonatal	topup	transfusions	has	not	been
established	but	most	guidelines	recommend	10–20	ml/kg	because	higher	volumes	may	cause	clinical
problems	due	to	volume	overload.	IUTs	require	irradiated	blood	and,	when	IUT	has	been	necessary,
except	in	a	dire	emergency,	transfusion	of	the	neonate	should	continue	to	be	with	irradiated	components	to
prevent	TAGvHD.	 The	frequency	of	the	most	serious	hazards	of	transfusion,	such	as	transfusion
related	acute	lung	injury	(TRALI)	and	transfusionassociated	circulatory	overload	(TACO),	that	are	well
recognised	in	older	patients,	is	unknown	in	neonates.

Illustrative	cases
(For	abbreviations	used	in	the	text	of	the	illustrative	cases,	see	page	110.)



Case	2.1	Diamond–Blackfan	anaemia

Case	history
A	5weekold	girl	presented	with	vomiting,	failure	to	thrive	and	anaemia.	 She	had	been	born	at
term	after	an	uneventful	pregnancy	and	was	the	first	child	of	unrelated	Caucasian	parents.	There	was
no	family	history	of	anaemia,	jaundice	or	other	haematological	disorder.	The	blood	group	of	the
mother	was	group	A,	Rh	Dnegative.	 Routine	antenatal	screening	did	not	detect	any	red	cell
alloantibodies	in	maternal	serum	during	the	pregnancy	and	prophylactic	antiD	was	given	at	28
weeks’	gestation	following	standard	recommendations.	On	examination,	the	infant	was	pale	but	not
jaundiced.	Her	weight	was	2.65	kg	at	birth	(<9th	centile)	and	had	dropped	to	the	2nd	centile	at	the
time	of	presentation.	She	had	no	hepatosplenomegaly	but	was	noted	to	have	microphthalmia	and	a
hypoplastic	left	thumb.

Preliminary	investigations

FBC:	WBC	4.5	×	109/l,	Hb	76	g/l,	RBC	2.49	×	1012/l,	MCV	98.6	fl,	MCH	30.4	pg,	reticulocytes	28
×	109/l,	neutrophils	1.1	×	109/l,	platelets	136	×	109/l.	The	blood	film	showed	normochromic,
normocytic	red	cells	(Case	2.1,	Fig.	1).	There	was	no	polychromasia	despite	the	low	Hb	and	no
NRBC	were	seen	on	the	film.	The	Coombs	test	was	negative.	White	blood	cell	and	platelet
morphology	were	normal.

Together,	the	findings	suggested	a	differential	diagnosis	of	red	cell	aplasia	due	to:

Parvovirus	B19	infection

Diamond–Blackfan	anaemia

Fanconi	anaemia.



Case	2.1,	Fig.	1	Blood	film.	MGG,	×100	objective.

Case	2.1,	Fig.	2	Bone	marrow	aspirate.	MGG,	×60.

A	peripheral	blood	sample	showed	no	evidence	of	B19	DNA	in	the	infant,	making	a	diagnosis	of



parvovirusinduced	anaemia	unlikely	and	a	bone	marrow	aspirate	was	performed	( Case	2.1,	Fig.
2).

Further	investigations

Investigation Result Normal	values/comments
Haemoglobin	F
(age	8	weeks)

30% 5–10%

Adenosine
deaminase

140	nmol/h/mg
haemoglobin

40–100	nmol/h/mg	haemoglobin

Chromosomal
breakage
studies	(DEB)

Normal NA

Bone	marrow
aspirate

Normocellular,
severe
erythroid
hypoplasia

NA

Molecular
analysis	of
ribosomal
protein	genes

Mutation	in
RPL26

While	molecular	analysis	is	not	essential	for	diagnosis,	it	is
useful	for	family	counselling,	e.g.	identification	of	de	novo	vs
inherited	disease	and	for	donor	selection	if	HSCT	is	planned

DEB,	diepoxybutane;	HSCT,	haemopoietic	stem	cell	transplantation;	NA,	not	applicable.

Management

The	presence	of	a	heterozygous	pathogenic	mutation	in	RPL26	together	with	the	haematological
findings	were	diagnostic	of	Diamond–Blackfan	anaemia.	Both	parental	blood	counts	were	normal
and	neither	had	the	same	RPL26	mutation	indicating	that	this	was	a	de	novo	mutation.	Regular	red
cell	transfusions	were	started	to	maintain	her	Hb	between	80	and	110	g/l,	resulting	in	improved
wellbeing	and	weight	gain.	By	the	age	of	15	months	her	weight	was	maintained	between	the	10th	and
25th	centiles	and	she	achieved	all	her	normal	developmental	milestones.	After	receiving	routine
vaccination	with	the	MMR	vaccine,	she	was	started	on	prednisolone	2	mg/kg	daily,	to	which	she	had
a	good	response,	and	her	red	cell	transfusions	were	discontinued.	Although	she	remained
transfusionfree,	with	an	Hb	of	95–105	g/l	on	a	maintenance	dose	of	prednisolone	of	0.5	mg/kg	on
alternate	days,	she	became	steroid	refractory	at	the	age	of	4	years	and	resumed	regular	red	cell
transfusions.	She	subsequently	had	a	successful	haemopoietic	stem	cell	transplantation	from	her
HLAidentical	younger	brother	after	 RPL	gene	mutational	analysis	confirmed	that	he	was
unaffected.

For	further	information	see	references.

Case	2.2	A	congenital	dyserythropoietic	anaemia



Case	history
A	newborn	girl	was	admitted	to	the	local	special	care	baby	unit	after	being	noted	to	have	tachypnoea
a	few	hours	after	birth.	She	was	a	term	baby	and	both	the	pregnancy	and	delivery	had	been
uneventful.	She	was	the	second	child	of	nonconsanguineous,	Caucasian	parents.	 Her	older	brother
was	healthy	and	there	was	no	family	history	of	note.	On	examination,	she	looked	generally	well	and
was	not	jaundiced	or	obviously	anaemic.	She	had	no	hepatosplenomegaly	and	no	congenital
anomalies	were	noted.	Routine	investigations	excluded	an	acute	infection	but	revealed	a	mild
anaemia.

FBC:	WBC	10.5	×	109/l,	Hb	125	g/l,	RBC	3.49	×	1012/l,	MCV	105.6	fl,	MCH	34.5	pg,	reticulocytes
84	×	109/l,	neutrophils	3.1	×	109/l,	platelets	336	×	109/l.

As	the	reticulocyte	count	was	normal	and	the	Coombs	test	was	negative,	she	was	discharged	home
and	the	anaemia	was	not	investigated	further.	A	blood	film	was	not	made.

At	the	age	of	18	months	she	was	referred	to	the	paediatric	clinic	because	a	routine	blood	count	taken
during	a	recent	viral	infection	had	again	shown	moderate	anaemia	(Hb	89	g/l).	She	had	been	a
healthy	child	who	was	gaining	weight	and	developing	normally	with	no	history	of	intercurrent
illnesses.	She	now	had	two	brothers	(aged	6	years	and	2	months)	who	were	both	healthy.	On
examination,	her	height	and	weight	were	on	the	50th	centile	and	she	had	no	dysmorphic	features.	She
had	no	abnormal	physical	signs	apart	from	slight	pallor.	In	particular,	she	was	not	jaundiced	and	had
no	hepatosplenomegaly.

Preliminary	investigations

FBC:	WBC	8.4	×	109/l,	Hb	89	g/l,	MCV	89	fl,	MCH	28	pg,	reticulocytes	28	×	109/l,	neutrophils	3.1
×	109/l,	platelets	412	×	109/l.	The	serum	bilirubin	was	normal	(16	μmol/l)	as	were	her	urea	and
electrolytes.	The	blood	film	was	normochromic	with	anisopoikilocytosis;	there	were	no	spherocytes
and	no	polychromasia	or	circulating	nucleated	red	cells	were	seen	(Case	2.2,	Fig.	1).	White	blood
cell	and	platelet	morphology	were	normal.

A	differential	diagnosis	of	red	cell	aplasia	or	dysplasia	was	made:

Transient	erythroblastopenia	of	childhood

Diamond–Blackfan	anaemia

Congenital	dyserythropoietic	anaemia.



Case	2.2,	Fig.	1	Blood	film.	MGG,	×100.

Transient	erythroblastopenia	of	childhood	is	an	uncommon	cause	of	selflimiting	red	cell	aplasia	in
children	under	the	age	of	4	years.	The	median	age	at	presentation	is	19	months	and	cases	in	infants
under	the	age	of	6	months	are	rare.254	Anaemia	in	TEC	is	typically	severe	(30–40	g/l)	and
reticulocytes	are	typically	absent	at	the	time	of	presentation.254	The	majority	of	children	have	a
history	suggestive	of	a	viral	infection	within	the	previous	2	weeks.254	In	most	cases	a	specific
causative	virus	is	not	identified.	Parvovirus	B19	has	been	implicated	in	a	few	cases	255	but	normally
only	causes	anaemia	due	to	red	cell	aplasia	in	patients	with	congenital	haemolytic	anaemia.	It	is
important	to	note	that	TEC	due	to	HHV6	may	cause	erythroblast	morphological	changes
resembling	CDA,256	although	the	natural	history	will	clarify	the	diagnosis	as	spontaneous	recovery
from	TEC	normally	occurs	within	1–2	months.254

A	diagnosis	of	parvovirusinduced	red	cell	aplasia	was	considered	very	unlikely	in	the	absence	of
an	underlying	congenital	haemolytic	anaemia	but	parvovirus	serology	was	performed	to	confirm	this
and	no	parvovirus	B19	IgM	or	IgG	antibodies	were	detected.	A	repeat	full	blood	count	3	weeks
after	presentation	showed	no	change	and	a	presumptive	diagnosis	of	DBA	was	made	on	the	basis	of
persistent	moderate	anaemia	and	reticulocytopenia.	At	that	point	a	bone	marrow	aspirate	was
performed	and	showed	markedly	increased	erythropoiesis	and	dyserythropoiesis	including
binucleated	forms,	ruling	out	DBA	and	suggesting	a	diagnosis	of	CDA	(Case	2.2,	Fig.	2).
Granulopoiesis	was	normal	and	megakaryocyte	numbers	and	morphology	were	normal,	consistent
with	this.	HHV6	serology	was	negative.



Further	investigations
Since	the	bone	marrow	aspirate	suggested	a	diagnosis	of	CDA,	bone	marrow	electron	microscopy
was	performed.	This	showed	abnormal	erythroblast	morphology	consistent	with	CDA	but	was	not
considered	typical	of	type	I,	II	or	III	CDA.	Samples	from	the	patient	and	her	parents	were	then	sent
for	next	generation	sequencing	using	a	targeted	panel	of	red	cell	genes.3	No	pathogenic	variants	in
any	of	the	genes	known	to	cause	CDA	(CDAN1,	SEC23B,	KIF23,	CDIN1	(c15orf41),	KLF1	and
GATA1)	were	found.	Subsequently,	her	older	brother	was	found	to	have	moderate	asymptomatic
anaemia	(Hb	91	g/l)	with	identical	peripheral	blood	and	bone	marrow	findings.	Since	both	parents
had	normal	blood	counts	and	blood	films,	this	suggests	an	autosomal	recessive	pattern	of	inheritance
and	samples	are	currently	being	analysed	by	whole	genome	sequencing	to	try	to	identify	the
molecular	basis	for	this	anaemia.

Case	2.2,	Fig.	2	Bone	marrow	aspirate.	MGG,	×40.

Diagnostic	notes



The	diagnosis	of	CDA	is	often	difficult	because	the	blood	film	changes	are	not	diagnostic.

Molecular	analysis,	usually	involving	red	cell	targeted	next	generation	sequencing	panel,	is
increasingly	used	to	establish	or	confirm	a	diagnosis	of	CDA	and	is	essential	for	family	studies,
prenatal	diagnosis	and	guiding	management.

Bone	marrow	morphology	and	electron	microscopy	remains	useful	for	evaluating	newly
described	variants	in	known	CDA	genes	or	new	genes.

For	further	information	see	references.

Case	2.3	Haemolytic	disease	of	the	fetus	and	newborn	due	to	antiB

Case	history
A	term	baby	born	after	an	uneventful	pregnancy	was	noted	to	be	pale	at	birth	and	developed
increasing	jaundice	over	the	first	24	hours	of	life.	Both	of	his	parents	originated	from	Ghana.	He	had
two	older	siblings	who	were	both	well	and	there	was	no	family	history	of	anaemia	or	other
haematological	abnormality.	On	questioning,	his	mother	remembered	that	her	first	child,	a	boy,	had
also	developed	severe	jaundice	at	birth	that	has	been	treated	by	phototherapy.	On	examination,	there
were	no	clinical	findings	apart	from	pallor	and	moderately	severe	jaundice.	In	particular,	there	was
no	evidence	of	hydrops;	he	was	not	shocked;	his	birthweight	was	normal	(3.4	kg),	there	was	no
evidence	of	hepatosplenomegaly,	no	skin	rash	and	no	dysmorphic	features.

A	provisional	diagnosis	of	neonatal	haemolytic	anaemia	was	made	on	the	basis	of	the	severe
jaundice	and	pallor	in	the	absence	of	clinical	signs	suggestive	of	acute	blood	loss.	The	diagnoses
considered	initially	were:

Immune	haemolysis

Inherited	red	cell	enzyme	deficiency

Inherited	red	cell	membrane	disorder	(HPP	or	hereditary	elliptocytosis	with	infantile
poikilocytosis).

Preliminary	investigations

FBC:	WBC	45	×	109/l,	Hb	55	g/l,	MCV	128	fl,	MCH	39.5	pg,	reticulocytes	280	×	109/l,	neutrophils
8.1	×	109/l,	platelets	168	×	109/l.

Biochemistry:	bilirubin	390	μmol/l.

The	blood	film	showed	large	numbers	of	spherocytes,	polychromasia	and	increased	numbers	of
circulating	erythroblasts	(Case	2.3,	Fig.	1).	The	true	WBC	count	(corrected	for	circulating
erythroblasts)	was	18.4	×	109/l	and	white	blood	cell	and	platelet	morphology	were	normal.	The
blood	film	appearances	and	raised	MCV	excluded	a	diagnosis	of	HPP.

Further	investigations

Investigation Result Normal	values/comment
Coombs	test Positive Positive	result	indicates	immune	haemolysis;	the	Coombs	test	is



occasionally	negative	in	HDFN	due	to	antiA	or	antiB
antibodies257

Maternal
blood	group

O	Rh	D
positive

NA

Baby’s	blood
group

B	Rh	D
positive

NA

Maternal
serology

Hightitre	IgG
antiA	and
antiB

~1%	of	group	O	pregnant	women	have	hightitre	IgG
antibodies258

HDFN,	haemolytic	disease	of	the	fetus	and	newborn;	Ig,	immunoglobulin;	NA,	not	applicable.



Case	2.3,	Fig.	1	Blood	film.	MGG,	×40.

A	final	diagnosis	of	HDFN	due	to	antiB	was	made	in	view	of	the	positive	Coombs	test	in
conjunction	with	the	blood	film	appearances,	maternal/baby	blood	groups	and	the	maternal	serology.
Where	haemolysis	is	very	severe	and/or	the	diagnosis	is	in	doubt,	a	diagnosis	of	HDFN	due	to	anti
B	can	be	confirmed	by	performing	a	red	cell	eluate	on	the	neonatal	red	cells	to	demonstrate	the
antibody	specificity.	However	in	this	case,	exchange	transfusion	was	performed	without	awaiting
this	result	in	view	of	the	severity	of	the	anaemia	and	hyperbilirubinaemia.	G6PD	enzyme	activity
was	assayed	on	a	pretransfusion	blood	sample	to	exclude	concomitant	G6PD	deficiency	as	this	is



known	to	increase	the	severity	of	the	hyperbilirubinaemia	but	the	level	was	10.3	U/g	Hb	(normal
range	7.0–10.4	U/g	Hb).

Diagnostic	notes
Fetomaternal	haemorrhage	is	not	normally	accompanied	by	marked	hyperbilirubinaemia.

Severe	haemolytic	anaemia	at	birth	is	unusual	in	G6PD	deficiency.

The	principal	haemoglobinopathies	causing	severe	anaemia	in	neonates	are	α	globin	disorders
(α	thalassaemia	major/haemoglobin	Bart’s	hydrops	fetalis	or,	much	less	often,	haemoglobin	H
disease)	which	would	not	be	compatible	with	the	clinical	picture	of	severe	haemolytic	anaemia
in	a	relatively	well	term	baby.

For	further	information	see	references.

Case	2.4	Hereditary	pyropoikilocytosis	(α	spectrinLELY)

Case	history
A	4weekold	girl	was	referred	to	the	paediatric	clinic	because	of	failure	to	thrive.	 She	had	been
born	at	term	after	an	uneventful	pregnancy.	Her	mother	was	blood	group	A	Rh	Dpositive.	 She	was
well	at	birth	and	was	discharged	home	on	day	2	of	life	with	resolving	mild	jaundice.	She	was	the
second	child	of	unrelated	Caucasian	parents	(first	child,	age	9	years,	was	well)	and	there	was	no
family	history	of	note.	On	examination,	she	was	sleepy	and	pale	but	not	clinically	jaundiced;	she	had
mild	splenomegaly	(spleen	palpable	1.5	cm	below	left	costal	margin).	She	had	no	dysmorphic
features.

Preliminary	investigations

FBC:	WBC	8.7	×	109/l,	Hb	50	g/l,	MCV	65.6	fl,	MCH	26	pg,	reticulocytes	210	×	109/l,	platelets
761	×	109/l.	The	blood	film	showed	marked	anisopoikilocytosis,	polychromasia,	microspherocytes
and	fragmented	red	cells	(Case	2.4,	Fig.	1).	White	blood	cell	morphology	was	normal.	The	number
of	platelets	in	the	blood	film	appeared	to	be	normal	and	platelet	morphology	was	normal.

Differential	diagnosis	of	neonatal	microcytic	anaemia	(see	Table	2.12)
Hereditary	pyropoikilocytosis

Congenital	sideroblastic	anaemia

Thalassaemia:	α	thalassaemia	(haemoglobin	Bart’s	hydrops	fetalis,	haemoglobin	H	disease)	or
γδβ	thalassemia.



Case	2.4,	Fig.	1	Blood	film.	MGG,	×40.

Although	microcytic	anaemia	is	extremely	uncommon	in	the	neonatal	period,	and	the	disorders
associated	with	microcytic	anaemia	in	this	age	group	are	rare	or	very	rare,	the	likely	diagnosis	is
often	fairly	easily	identified	from	the	blood	film.	In	this	case,	thalassaemia	was	considered	very
unlikely	given	the	family	and	clinical	history,	especially	given	the	absence	of	typical	thalassaemic
features	in	the	blood	film,	such	as	hypochromic	red	cells,	target	cells	and	circulating	erythroblasts.
Congenital	sideroblastic	anaemia	was	also	considered	unlikely	in	this	female	baby	as	the	autosomal
recessive	forms	of	this	disease	cause	very	severe,	transfusiondependent	microcytic	anaemia	soon
after	birth	(SLC25A38	mutations)	and/or	are	associated	with	other	major	anomalies,	including
immunodeficiency	and	developmental	delay	(TRNT1	mutations).	By	contrast,	the	distinctive	red	cell
morphology	was	highly	suggestive	of	HPP.	Given	this,	further	investigations	were	arranged,
including	assessing	the	blood	counts	and	blood	films	of	both	parents	for	evidence	of	hereditary
elliptocytosis.

Further	investigations

Investigations Results Normal	range/comments
Parental	FBCs,
including
reticulocyte	count

All	values
normal

Bilirubin	also	normal



Parental	blood
films

Both	normal The	blood	film	is	normal	in	individuals	with	common	α	spectrin
variants	(polymorphisms)	which	do	not	cause	disease	on	their
own	but	may	interact	with	pathogenic	spectrin	variants	inherited
in	trans	85

HPLC Patient:
normal
Parents:
normal

Mass
spectrometry	for
haemoglobin
variants

Patient:
normal
Parents:
normal

Red	cell	enzyme
assays

G6PD
(parents):
normal

No	other	red	cell	enzymes	were	assayed	because	the	clinical
picture	did	not	suggest	a	red	cell	enzymopathy	and	the	child	was
red	cell	transfusiondependent.

Functional	red
cell	membrane
studies	(flow
cytometry)

EMA	dye
binding
Patient:
reduced
Parents:
normal

Reduced	EMA	dye	binding	is	typical	of	hereditary	spherocytosis
but	can	also	be	seen	in	HPP265

Molecular
analysis	of	red
cell	membrane
proteins

Patient:	α
spectrinLELY/
α
spectrinI/174	
Father:
normal
Mother:	α
spectrinLELY/
α
spectrinLELY

α	spectrinLELY	is	the	most	frequently	recognised	hypomorphic
variant	that	can	contribute	to	the	phenotype	of	elliptocytic
disorders.	De	novo	spectrin	variants	are	common

Bone	marrow
aspirate

Not	done Not	indicated	where	all	investigations	are	consistent	with	a
diagnosis	of	HPP

EMA,	eosin5maleimide;	FBC,	full	blood	count;	G6PD,	glucose6phosphate	dehydrogenase;	HPP,	hereditary	pyropoikilocytosis;
HPLC,	high	performance	liquid	chromatography.



Case	2.4,	Fig.	2	Blood	film.	MGG,	×40.

Management
The	infant	was	started	initially	treated	with	a	topup	red	cell	transfusion	with	rapid	symptomatic
improvement.	However,	the	Hb	gradually	dropped	over	the	following	few	weeks	and	she	proved	to
be	red	cell	transfusiondependent.	 By	6	months	of	age	her	blood	film	showed	a	much	greater
proportion	of	classical	elliptocytes,	although	microspherocytes	and	red	cell	fragments	could	still	be
seen	(Case	2.4,	Fig.	2).	This	change	in	red	cell	morphology	over	the	first	few	months	of	life	is
characteristic	of	HPP.	A	decision	was	made	to	place	her	on	regular	red	cell	transfusions	every	4
weeks	with	the	introduction	of	iron	chelation	by	the	age	of	2	years.	She	subsequently	underwent	a
splenectomy	at	the	age	of	4	years	and	she	remains	well	and	transfusionindependent	more	than	5
years	later.

Diagnostic	notes
The	most	important	clue	to	the	diagnosis	is	the	low	MCV	in	the	first	blood	count.	Microcytic
anaemia	is	rare	in	children	less	than	3	months	of	age	and	HPP	should	always	be	considered.

The	age	of	the	baby	excludes	fetomaternal	haemorrhage	and	HDFN.	The	ethnic	origin	makes



haemoglobinopathies	and	G6PD	deficiency	unlikely	(and	the	child	was	female).

Examination	of	parental	blood	films	is	usually	helpful	in	congenital	anaemias,	particularly
where	patients	have	been	transfused.	Interpretation	of	family	studies	may	be	complex	because	α
spectrin	mutations	are	often	clinically	silent,	as	in	this	case.

For	further	information	see	references.

Case	2.5	Pyruvate	kinase	deficiency

Case	history
A	male	neonate	born	at	term	to	unrelated	parents	(mother	Jamaican,	father	Scottish)	presented	with
mild	hydrops	fetalis	and	severe	anaemia	(Hb	64	g/l)	at	birth	after	a	normal	pregnancy	and	delivery.
His	mother	was	group	O	Rh	Dnegative	but	routine	screening	had	not	detected	any	red	cell
alloantibodies	in	maternal	serum	during	the	pregnancy	and	prophylactic	antiD	had	been	given	at	28
weeks’	gestation	following	standard	recommendations.	He	was	the	first	child	and	there	was	no
family	history	of	note.	Six	hours	after	birth	he	became	jaundiced.	The	jaundice	progressed	rapidly
despite	phototherapy	and	he	underwent	exchange	transfusion	at	24	hours	of	age.	At	that	point	he	had
mild	hepatosplenomegaly	(1	cm	below	costal	margins)	but	no	other	clinical	abnormalities	and	no
dysmorphic	features	were	noted.

The	diagnoses	considered	initially	were:

Immune	haemolysis	(HDFN)

Haemoglobinopathy	(α	or	γδβ	thalassaemia)

Inherited	red	cell	enzyme	deficiency

Inherited	microcytic	anaemia:	HPP,	hereditary	elliptocytosis	with	infantile	poikilocytosis	or
congenital	sideroblastic	anaemia

Congenital	dyserythropoietic	anaemia.

Initial	investigations

FBC:	WBC	19.5	×	109/l	(corrected	for	NRBC,	24.6	×	109/l),	Hb	64	g/l,	MCV	128	fl,	MCH	30.4	pg,
reticulocytes	280	×	109/l,	neutrophils	12.3	×	109/l,	platelets	168	×	109/l.	The	serum	bilirubin
increased	from	90	μmol/l	at	6	hours	to	360	μmol/l	at	24	hours	of	age.	As	the	maternal	blood	group
was	O	Rh	Dnegative,	the	baby’s	blood	group	O	Rh	Dnegative	and	a	Coombs	test	was	negative,
HDFN	was	excluded	as	the	cause	of	the	anaemia.	No	pretransfusion	blood	film	was	available	but
the	high	MCV	virtually	excluded	a	diagnosis	of	HPP,	major	haemoglobinopathies	and	congenital
sideroblastic	anaemia.	Since	the	baby	had	been	transfused,	initial	investigations	were	performed	on
samples	from	both	parents.	Blood	counts,	blood	films,	HPLC	and	G6PD	enzyme	assays	in	both
parents	were	normal.	A	provisional	diagnosis	of	severe	nonimmune	neonatal	haemolysis	of
unknown	cause	was	made	and	further	investigations	were	planned.

Followup
The	jaundice	gradually	improved	over	the	first	2	weeks	of	life	but	he	continued	to	be	transfusion



dependent,	receiving	a	further	four	transfusions	by	the	age	of	8	months	(Hb	nadir	approximately	50
g/l)	with	ongoing	mild	jaundice	and	variable	reticulocytosis.	He	was	otherwise	well	and	growing
normally.	At	this	point,	the	blood	film	showed	occasional	circulating	erythroblasts	and	very
occasional	echinocytes	but	was	largely	normochromic	and	normocytic	with	no	spherocytes	(Case
2.5,	Fig.	1).	The	WBC	and	platelets	were	also	normal	in	numbers	and	morphology.	A	diagnosis	of
CDA	was	considered	and	a	bone	marrow	aspirate	was	performed,	which	showed	marked	erythroid
hyperplasia	and	dyserythropoiesis	with	1–2%	binucleated	forms	(Case	2.5,	Fig.	2).	The	findings
were	considered	nonspecific	and	additional	investigations	were	performed	on	the	patient	and	his
parents	in	order	to	identify	the	cause	of	his	haemolytic	anaemia	(see	Table).	Molecular	analysis
using	a	targeted	red	cell	gene	panel	showed	the	child	had	compound	heterozygosity	for	two	known
pathogenic	variants	in	the	PKLR	gene,	with	one	inherited	from	each	parent.	Repeat	enzyme	assay	just
prior	to	a	transfusion	confirmed	the	diagnosis	of	PK	deficiency.

Case	2.5,	Fig.	1	Blood	film.	MGG,	×100.

Patient	(age	8	months;
pretransfusion)

Mother Father

Hb	(g/l) 50–71 132 143
MCV	(fl) 86 89 91



MCH	(pg) 29 29 31
Reticulocytes	(×109/l) 43–226 57 66
G6PD	(U/g	Hb)	(NR	7–10.4	U/g	Hb) 8.8 9.2 7.8
PK	(U/g	Hb)	(NR	6.2–14.2	U/g	Hb) 6.2 8.4 7.1
Molecular	analysis	(targeted	NGS
panel)

1529G−>A/829G−>A 829G
−>A

1529G
−>A

G6PD,	glucose6phosphate	dehydrogenase;	Hb,	haemoglobin	concentration;	MCH,	mean	cell	haemoglobin;	MCV,	mean	cell	volume;
NGS,	next	generation	sequencing;	NR,	normal	range;	PK,	pyruvate	kinase.

Case	2.5,	Fig.	2	Bone	marrow	aspirate.	MGG,	×100.

Diagnostic	notes
Diagnosis	of	PK	deficiency	is	frequently	difficult	and	therefore	delayed.

PK	levels	are	higher	in	reticulocytes;	this	frequently	masks	PK	deficiency	both	in	heterozygotes
and	homozygotes.

There	is	little	or	no	correlation	between	the	PK	level	and	the	severity	of	anaemia	unless
samples	are	corrected	for	the	number	of	reticulocytes.

Phenotype–genotype	studies	in	PK	deficiency	are	especially	difficult	in	compound
heterozygotes	because	the	different	mutant	enzymes	form	tetramers	with	unique	properties.



PK	deficiency	should	be	considered	in	cases	of	unexplained	fetal	anaemia	and/or	hydrops
fetalis,	atypical	‘CDA’	and	nonspherocytic	congenital	haemolytic	anaemia.

Management	options	for	PK	deficiency	include	splenectomy,	intermittent	or	regular
transfusions,	and	haemopoietic	stem	cell	transplantation.	More	recently,	clinical	trials	of	an
orally	administered	allosteric	activator	of	PK	have	begun.

For	further	information	see	references.

Case	2.6	Infantile	pyknocytosis

Case	history
A	3weekold	girl	born	at	30	weeks’	gestation,	was	found	to	have	an	unexpectedly	low	Hb	when
checked	as	part	of	a	routine	weekly	screen	in	the	special	care	baby	unit.	She	had	no	abnormalities	on
examination	apart	from	pallor	and	mild	jaundice.	In	particular,	her	birthweight	was	within	the
normal	range	(25th	centile),	she	had	no	hepatosplenomegaly	and	no	congenital	anomalies	were
noted.	Routine	FBC	at	the	age	of	2	weeks	had	shown	an	Hb	within	the	normal	range	for	age	(110
g/l).	Her	neonatal	course	had	been	uneventful	apart	from	an	episode	of	presumed	sepsis	treated	with
a	short	course	of	antibiotics.	She	was	the	first	born	of	monochorionic	twins	delivered	uneventfully
when	her	mother	went	into	spontaneous	labour.	There	was	no	family	history	of	note.	Her	blood
count,	including	Hb,	had	been	normal	at	birth	(185	g/l).	She	had	developed	moderate	jaundice	on
day	4,	treated	by	phototherapy	and	resolving	by	day	7.	At	that	time,	the	blood	film	was	normal	and
the	Coombs	test	was	negative.	The	baby	and	her	mother	were	both	group	O	Rh	Dpositive.	 The
blood	count	and	Hb	of	her	twin	sister	were	normal	and	almost	identical	(187	g/l),	excluding	any
significant	twintotwin	transfusion.

The	diagnoses	considered	initially	were:

Anaemia	of	prematurity

Infantile	pyknocytosis

Inherited	red	cell	enzyme	deficiency.

Preliminary	investigations	(age	3	weeks)

FBC:	WBC	8.5	×	109/l,	Hb	66	g/l,	MCV	101	fl,	MCH	34	pg,	reticulocytes	180	×	109/l,	neutrophils
2.1	×	109/l,	platelets	316	×	109/l.	Bilirubin	was	120	μmol/l.	The	blood	film	showed	pyknocytes
(irregularly	contracted	and	acanthocytic	cells),	polychromasia,	some	red	cell	fragmentation	and
occasional	spherocytes	and	NRBC	(Case	2.6,	Fig.	1).	White	blood	cell	and	platelet	morphology	was
normal.



Case	2.6,	Fig.	1	Blood	film	of	twin	1.	MGG,	×100.

The	sudden	fall	in	Hb	between	week	2	and	week	3	of	age	and	the	blood	film	appearances	were
suggestive	of	oxidative	haemolysis	due	to	an	inherited	red	cell	enzyme	deficiency	or	to	the	self
limiting	neonatalspecific	condition,	infantile	pyknocytosis.	 These	features	exclude	a	diagnosis	of
anaemia	of	prematurity	as	the	blood	film	in	anaemia	of	prematurity	is	normal.

Further	investigations
Pretransfusion	G6PD	assay	and	PK	assays	both	showed	increased	levels,	consistent	with	the
reticulocytosis	(G6PD	19.3	U/g	Hb,	PK	15.2	U/g	Hb).	Glutathione	peroxidase	was	8.5	U/g	Hb
(normal	range	13.0–30.0).

These	results	exclude	a	diagnosis	of	G6PD	deficiency	and	make	a	diagnosis	of	PK	deficiency
unlikely	although,	as	seen	in	Case	2.5,	molecular	analysis	and	parental	investigation	is	needed	to
fully	exclude	PK	deficiency	in	cases	with	persistent	haemolysis.	Glutathione	peroxidase	levels	are
often	reduced	in	infantile	pyknocytosis	but	this	finding	is	not	specific	for	infantile	pyknocytosis	and
no	mutations	are	found	in	the	GPX	gene.112

Clinical	course



The	baby	was	given	a	topup	red	cell	transfusion,	raising	her	Hb	to	120	g/l.	 Over	the	next	2	weeks
her	Hb	slowly	declined	to	100	g/l,	but	her	jaundice	and	the	changes	of	oxidative	haemolysis	on	her
blood	film	gradually	resolved.	By	the	age	of	8	weeks	her	Hb	was	stable	at	95–105	g/l,	her	blood
film	was	normal,	she	was	gaining	weight	normally	and	she	was	clinically	well.	One	week	after
initial	presentation,	the	baby’s	twin	sister	presented	at	age	4	weeks	with	a	low	Hb	(62	g/l)	and	her
blood	film	showed	changes	of	oxidative	haemolysis	similar	to	those	of	the	index	case,	though	milder
(Case	2.6,	Fig.	2).	Both	girls	continued	to	do	well	at	followup	at	age	12	months	with	no	further
episodes	of	jaundice	or	anaemia.

Diagnostic	notes
Infantile	pyknocytosis	typically	presents	at	the	age	of	2–4	weeks	in	otherwise	well	neonates
and	resolves	by	6–8	weeks	of	age.	Recurrence	later	in	life	is	not	reported.

There	is	rarely	a	family	history	and	there	are	no	congenital	anomalies	or	other	associated
clinical	features.	Occasional	cases	in	twins	or	siblings	have	been	reported	previously.250

The	blood	film	is	typical	of	oxidative	haemolysis	but	in	addition	there	are	often	acanthocytic
changes;	no	evidence	of	known	red	cell	enzymopathies	is	found	(e.g.	no	evidence	of	G6PD
deficiency	and,	where	investigated,	parental	blood	counts	and	blood	films	are	normal).

The	anaemia	is	often	sufficiently	severe	at	presentation	to	require	treatment	with	red	cell
transfusion,	usually	only	on	a	single	occasion.

The	diagnosis	is	made	from	the	combination	of	the	characteristic	presentation,	blood	film	and
natural	history.



Case	2.6,	Fig.	2	Blood	film	of	twin	2.	MGG,	×100.

Transient	deficiency	of	glutathione	peroxidase	has	been	implicated	as	a	cause	of	neonatal
oxidative	haemolysis112	and	is	usually	found	if	enzyme	levels	are	checked	prior	to	transfusion
(unpublished	data).	These	levels	normalise	once	the	haemolysis	resolves.

For	further	information	see	references.

Case	2.7	Methylene	blueinduced	haemolytic	anaemia

Case	history
A	preterm	male	baby	was	born	at	33	weeks’	gestation	following	induction	because	of	abnormal
umbilical	artery	Dopplers	suggesting	placental	insufficiency.121	A	diagnosis	of	Down	syndrome	was
suspected	and	confirmed	by	FISH	showing	trisomy	21.	His	FBC	was	normal	(WBC	18.2	×	109/l,	Hb



192	g/l,	platelets	153	×	109/l)	and	a	blood	film	showed	changes	typical	of	Down	syndrome	but	no
evidence	of	the	preleukaemic	condition,	transient	abnormal	myelopoiesis	(see	Chapter	3).	He	was
found	to	have	duodenal	atresia	and	underwent	urgent	surgery	(duodenoduodenostomy)	on	day	2	of
life.	During	the	procedure,	methylene	blue	was	used	to	confirm	the	integrity	of	the	anastomosis.
Following	this,	his	skin	was	noticed	to	have	a	bluish	tinge,	he	was	noted	to	pass	bluish	green	urine
and	over	the	ensuing	2–3	days	he	developed	rapidly	progressive	hyperbilirubinaemia.

Case	2.7,	Fig.	1	Blood	film.	Based	on	reference	12.	MGG,	×100.

Investigations

FBC:	WBC	25.2	×	109/l,	Hb	67	g/l,	MCV	106	fl,	MCH	34	pg,	reticulocytes	260	×	109/l,	neutrophils
14.3	×	109/l,	platelets	102	×	109/l.	The	blood	film	showed	irregularly	contracted	red	cells,	blister
cells	and	ghost	cells,	some	of	which	contained	visible	Heinz	bodies	(Case	2.7,	Fig.	1).	White	blood
cell	and	platelet	morphology	were	normal.

The	diagnoses	considered	initially	were:

Methylene	blueinduced	haemolysis	with	or	without	G6PD	deficiency

Infantile	pyknocytosis.

Progress	and	management



The	clinical	presentation	and	blood	film	findings	were	considered	typical	of	acute	oxidative
haemolysis	most	likely	triggered	by	methylene	blue.	The	G6PD	assay	showed	higher	than	normal
enzyme	activity	(13.0	U/g	Hb),	most	likely	reflecting	the	reticulocytosis	and	excluding	G6PD
deficiency	as	the	underlying	diagnosis.	The	baby	was	treated	by	topup	red	cell	transfusion	and
made	an	uneventful	recovery.

Diagnostic	notes
A	rapid	fall	in	Hb	together	with	increasing	jaundice	in	a	neonate	is	highly	suggestive	of
oxidative	haemolysis.

The	blood	film	in	oxidative	haemolysis	shows	distinctive	morphological	changes	in	the	red
cells,	including	Heinz	bodies;	these	can	be	confirmed	by	supravital	staining	but,	as	in	this	baby,
are	often	evident	on	close	examination	of	a	blood	film.

Methylene	blue	may	cause	severe	oxidative	haemolysis	in	neonates	even	in	the	absence	of
G6PD	deficiency;276,277	one	of	three	previously	reported	cases	also	had	trisomy	21.277

Case	2.8	Haemoglobin	Bart’s	hydrops	fetalis

Case	history
A	neonate	born	at	28	weeks’	gestation	was	found	on	the	first	day	of	life	to	have	an	Hb	of	91	g/l.
During	the	pregnancy	the	routine	anomaly	scan	at	20	weeks’	gestation	showed	polyhydramnios,	an
enlarged	fetal	heart	and	slight	oedema	around	the	fetal	head	and	abdomen.	The	mother	was	group	A
Rh	Dpositive	and	no	red	cell	alloantibodies	were	detected	in	maternal	serum.	 A	provisional
diagnosis	of	congenital	heart	disease	was	made	but	detailed	scanning	the	following	week	showed	no
structural	abnormalities	of	the	heart	and	no	further	investigations	were	performed.	After	spontaneous
onset	of	labour,	the	baby	was	born	in	very	poor	condition	and	required	intensive	respiratory	and
cardiovascular	support	with	mechanical	ventilation	and	inotropes.	A	provisional	diagnosis	of
cardiac	failure	and	severe	neonatal	sepsis	was	made	and	she	was	started	on	antibiotics.	She	was
also	noted	to	be	pale	and	jaundiced	and	had	to	have	marked	hepatosplenomegaly.	She	had	no
apparent	congenital	anomalies	at	birth	although	subsequent	investigations	revealed	severe
pulmonary	hypoplasia.	She	was	the	second	child	of	parents	who	originated	from	southern	China.	Her
older	brother	(aged	7	years)	was	well	with	no	history	of	neonatal	jaundice	or	anaemia.	There	was
no	family	history	of	note.

Preliminary	investigations	(at	birth)

FBC:	WBC	38.5	×	109/l	(corrected	for	NRBC	10.13	×	109/l),	Hb	91	g/l,	MCV	97	fl	(normal	range
for	gestation	103–130	fl),	MCH	23	pg	(normal	range	for	gestation	33.5–43	pg),	reticulocytes	180	×
109/l,	neutrophils	2.1	×	109/l,	platelets	98	×	109/l.	The	blood	film	showed	very	marked
polychromasia,	erythroblastosis	and	red	cell	hypochromia,	as	well	as	numerous	target	cells	(Case
2.8,	Fig.	1).	White	blood	cell	and	platelet	morphology	were	normal	and	there	was	no	evidence	of
sepsis	on	blood	film	examination.

The	diagnoses	considered	initially	were:



Thalassaemia:	α	thalassaemia	major,	haemoglobin	H	disease,	γδβ	thalassaemia

Congenital	sideroblastic	anaemia

Fetomaternal	haemorrhage

Haemolytic	disease	of	the	fetus	and	newborn.

In	view	of	the	poor	condition	of	the	baby,	further	investigations	to	determine	the	cause	of	the
anaemia	were	performed	on	blood	samples	from	both	of	her	parents	as	well	as	the	baby.	The	results
excluded	HDFN	as	the	cause	or	a	contributory	factor	to	the	neonatal	anaemia	in	this	case	and	a
negative	Kleihauer	made	it	very	unlikely	that	significant	fetomaternal	haemorrhage	was	the
explanation	for	the	anaemia.	On	the	other	hand,	the	striking	hypochromia	and	erythroblastosis	was
highly	suggestive	of	α	thalassaemia	major	even	though	this	usually	results	in	death	in	utero	or	within
a	few	hours	of	birth.	Nevertheless,	both	parental	blood	films	showed	mild	microcytic	anaemia	and
the	presence	of	haemoglobin	H	bodies	(precipitates	of	β4	globin	tetramers)	consistent	with	α0

thalassaemia	trait.	Analysis	of	the	baby’s	blood	prior	to	transfusion	showed	mainly	haemoglobin
Bart’s,	together	with	haemoglobin	Portland	and	haemoglobin	H,	consistent	with	a	diagnosis	of	α
thalassaemia	major.	Subsequent	molecular	analysis	showed	that	the	baby	was	homozygous	for	the
most	common	α	globin	deletion	in	southern	China	(−−SEA)	and	that	both	parents	were	heterozygous
for	this	deletion	(αα/−−SEA).



Case	2.8,	Fig.	1	Blood	film.	MGG,	×100.

Further	investigations

Baby Mother Father
Hb	(g/l) 91 102 105
MCV	(fl) 97 72.7 73
MCH	(pg) 23 23.9 22.8
Coombs	test negative NA NA
Kleihauer	test NA Negative NA
H	bodies Not	tested Present Present
Haemoglobin	HPLC Haemoglobin	Bart’s

(γ4)
Haemoglobin

Haemoglobin	A
Haemoglobin	A2
(2.6%)

Haemoglobin	A
Haemoglobin	A2	(2.9%)
Haemoglobin	F	(1.3%)



Portland	(ζ2γ2)
Haemoglobin	H	(β4)

Haemoglobin	F
(1.1%)

α	globin	genotype
(gapPCR)

−−SEA/−−SEA αα/−−SEA αα/−−SEA

GapPCR,	gap	polymerase	chain	reaction;	Hb,	haemoglobin	concentration;	HPLC,	high	performance	liquid	chromatography;	MCH
mean	cell	haemoglobin;	MCV,	mean	cell	volume;	NA,	not	applicable.

Progress	and	management
Unfortunately,	the	condition	of	the	baby	steadily	deteriorated	during	the	second	day	of	life	due	to
increasing	difficulty	with	maintaining	normal	oxygenation	because	of	pulmonary	hypoplasia	and	she
died	on	day	3	of	life.	Subsequent	review	of	the	case	revealed	that	antenatal	counselling	had	failed	to
convey	the	risk	of	α	thalassaemia	to	the	parents	and	the	opportunity	for	early	diagnosis	and
institution	of	intrauterine	transfusion	during	the	second	trimester	had	been	missed.

Diagnostic	notes
Identification	of	anaemia	as	microcytic	is	an	important	diagnostic	clue	as	microcytic	anaemias
are	rare	in	neonates;	this	may	be	missed	in	preterm	neonates	because	the	MCV	in	healthy
babies	is	much	higher	in	preterm	than	term	neonates	(see	Table	1.2).

Neonates	with	α	thalassaemia	major	who	are	born	preterm	may	have	sufficient	levels	of
haemoglobin	Portland	to	allow	them	to	survive	for	several	days	after	birth;	however,	unless
intrauterine	transfusion	has	been	instituted	by	20/21	weeks’	gestation,	severe	in	utero	hypoxia
will	cause	pulmonary	hypoplasia	and	irreversible	neurological	damage	incompatible	with	life.

Evaluation	of	parental	blood	counts	and	blood	films	is	a	useful	and	rapid	way	of	helping	to
plan	the	most	useful	tests	for	unexplained	neonatal	anaemia.

For	further	information	see	references	154	and	278.

Case	2.9	Fetomaternal	haemorrhage

Case	history
A	male	term	baby	was	noted	to	be	very	pale	at	birth	with	signs	of	circulatory	shock,	tachycardia	and
tachypnoea.	He	had	been	born	by	normal	vaginal	delivery	following	a	short	labour	and
straightforward	pregnancy.	The	mother	was	known	to	be	blood	group	O	Rh	Dnegative	and	no	red
cell	alloantibodies	were	noted	on	antenatal	screening.	The	baby	was	the	third	child	of	unrelated
Caucasian	parents,	both	older	siblings	were	well	and	there	was	no	family	history	of	note.	No
congenital	anomalies	were	noted	on	examination,	the	baby	was	not	clinically	jaundiced	and	there
was	no	hepatosplenomegaly.	Urgent	blood	tests	showed	severe	anaemia	(Hb	45	g/l)	and	he	was
immediately	transfused	with	group	O	Rh	Dnegative	red	cells.

Preliminary	investigations	(at	birth)

FBC:	WBC	56.0	×	109/l	(corrected	for	NRBC	21.5	×	109/l),	Hb	45	g/l,	MCV	106	fl,	MCH	34	pg,
reticulocytes	160	×	109/l,	neutrophils	12.1	×	109/l,	platelets	178	×	109/l.	The	blood	film	showed



very	marked	polychromasia	and	erythroblastosis	and	red	cell	anisocytosis	with	some	spherocytes
(Case	2.9,	Fig.	1).	White	blood	cell	and	platelet	morphology	were	normal.

Case	2.9,	Fig.	1	Blood	film.	MGG,	×40.

A	provisional	diagnosis	of	an	acute	fetomaternal	haemorrhage	was	made	on	the	basis	of	the	clinical
findings,	including	the	absence	of	jaundice	which	made	a	diagnosis	of	haemolysis	unlikely.	The
large	number	of	circulating	erythroblasts	excluded	a	diagnosis	of	red	cell	aplasia.

Further	investigations
Serum	bilirubin	40	μmol/l,	Coombs	test	negative,	Kleihauer	test	(mother)	positive	(estimated	fetal
bleed	120	ml).

Principle	of	the	Kleihauer–Betke	test	(acid	elution)	and	estimation	of	the	volume	of
fetomaternal	haemorrhage
Haemoglobin	F	is	more	resistant	to	acid	elution	than	adult	haemoglobin	(haemoglobin	A).	When	a
dry	blood	film	is	fixed	and	then	immersed	in	an	acid	buffer	solution,	haemoglobin	A	is	denatured
and	eluted,	leaving	red	cell	ghosts,	while	haemoglobin	Fcontaining	red	cells,	which	are	resistant,
are	easily	seen	against	the	maternal	‘ghost’	cells	(Case	2.9,	Fig.	2	shows	a	large	fetomaternal
haemorrhage).

The	volume	of	the	fetal	blood	loss	can	be	estimated	by	comparing	the	ratio	of	haemoglobin	F



containing	(fetal)	cells	with	ghost	haemoglobin	Acontaining	(adult)	cells	in	the	maternal	blood
sample	using	the	following	formula:279

*	Volume	of	maternal	red	cells;
†	fetal	cells	are	22%	larger	than	maternal	cells;

‡	only	92%	of	fetal	cells	stain	darkly	using	this	technique.

In	the	example	shown	above,	100	fetal	cells	were	seen	per	2000	maternal	cells	and	the	fetomaternal
haemorrhage	was	estimated	as	119.2	ml.

Case	2.9,	Fig.	2	Kleihauer	test.	×100.

Progress	and	management
Following	emergency	red	cell	transfusion	the	baby’s	condition	rapidly	improved	and	no	further
transfusions	were	necessary	during	the	neonatal	period.	Followup	to	assess	progress	against



normal	developmental	milestones	was	arranged	in	view	of	the	risk	of	longterm	neurological
damage	following	a	major	fetomaternal	haemorrhage.

Diagnostic	notes
Fetomaternal	haemorrhage	is	one	of	the	commonest	causes	of	severe	anaemia	at	birth.

It	is	essential	to	perform	a	maternal	Kleihauer	test	within	the	first	few	days	to	make	a	diagnosis
of	fetomaternal	haemorrhage;	later	samples	will	seriously	underestimate	the	size	of	the
haemorrhage	and	may	lead	to	a	missed	diagnosis.

The	Coombs	test	will	be	negative,	ruling	out	all	forms	of	immune	haemolysis	apart	from	very
rare	cases	of	severe	Coombsnegative	ABO	haemolytic	disease	of	the	newborn.

The	absence	of	a	family	history	and	of	specific	red	cell	abnormalities	in	the	blood	film	makes	a
rare	inherited	anaemia	unlikely.

For	further	information	see	references	279–282.

Abbreviations	used	in	the	illustrative	cases
CDA

congenital	dyserythropoietic	anaemia
DBA

Diamond–Blackfan	anaemia
FBC

full	blood	count
FISH

fluorescence	in	situ	hybridisation
GapPCR

gap	polymerase	chain	reaction
G6PD

glucose6phosphate	dehydrogenase
Hb

haemoglobin	concentration
HDFN

haemolytic	disease	of	the	fetus	and	newborn
HHV6

human	herpesvirus6
HPLC

high	performance	liquid	chromatography
HPP

hereditary	pyropoikilocytosis
Ig

immunoglobulin



MCH
mean	cell	haemoglobin

MCV
mean	cell	volume

MGG
May–Grünwald–Giemsa

MMR
measles,	mumps,	rubella

NR
normal	range

NRBC
nucleated	red	blood	cells

PK
pyruvate	kinase

RBC
red	blood	cell	count

TEC
transient	erythroblastopenia	of	childhood

WBC
white	blood	cell	count
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3
Neonatal	infection	and	leucocyte	disorders

Leucocyte	abnormalities	in	neonatal	systemic	disease
Increases	in	leucocyte	numbers
Increases	in	leucocyte	numbers	secondary	to	systemic	disease	are	very	common	in	neonates,	particularly
in	association	with	infection.	Careful	examination	of	the	blood	film	often	provides	additional	clues	to	the
underlying	cause	and	is	a	rapid	and	sensitive	way	of	identifying	likely	bacterial	or	viral	infection	(Table
3.1).

Causes	and	significance	of	neonatal	neutrophilia
The	principal	causes	of	neutrophilia	are	shown	in	Table	3.2.	In	the	hospital	setting	the	two	most	common
causes	of	neonatal	neutrophilia	are	maternal	chorioamnionitis	and	acute	bacterial	infection.	The
haematological	features	of	acute	bacterial	infection	are	usually	marked	and	distinctive	and	are	described
in	detail	below.	It	is	worth	noting	that	infection	with	Bordetella	pertussis	during	the	neonatal	period	may
be	accompanied	by	marked	neutrophilia	as	well	as	lymphocytosis.1	Neutrophilia	is	also	seen	after	a
number	of	specific	types	of	viral	infection,	particularly	chikungunya	virus.2,3	Most	studies	suggest	that	the
neutrophil	count	is	reduced	in	neonatal	coronavirus	disease	19	(COVID19),	although	a	recent	study	has
shown	that	the	presence	of	neutrophilia	is	a	predictive	factor	for	severe	disease.4	By	contrast,	the
haematological	features	of	chronic	bacterial	infection	in	neonates	are	usually	much	more	subtle.
Typically,	there	is	a	moderate	neutrophilia,	often	persisting	for	several	weeks,	and	the	majority	of
neutrophils	are	mature	and	lack	toxic	granulation.	This	pattern	of	chronic	neutrophilia	is	seen	in
association	with	osteomyelitis	or	localised	skin	or	wound	infections.

Neutrophilia	also	occurs	in	neonates	with	constitutional	trisomies,	including	Down	syndrome,	trisomy	13
and	trisomy	18;	this	suggests	that	aneuploidy	itself	might	perturb	neutrophil	development	during	fetal	life,
but	if	so	the	mechanism	of	this	is	completely	unknown.5,6	The	clinical	significance	of	neutrophilia	in
neonates	with	constitutional	aneuploidies	lies	with	recognising	that	neutrophilia	is	not	a	useful	sign	on	its
own,	either	of	acute	infection	or	of	transient	abnormal	myelopoiesis	(TAM)	seen	in	neonates	with	Down
syndrome	(discussed	in	detail	below).	Neutrophilia	secondary	to	constitutional	trisomies	is	confined	to
the	neonatal	period,	although	followup	data	for	trisomy	13	and	 trisomy	18	are	extremely	limited
because	fewer	than	20%	of	affected	neonates	survive	for	more	than	12	months.7

Table	3.1	Haematological	features	of	infection	in	neonatal	blood	films

Features	of
infection	on
neonatal	blood
film

Differential	diagnosis Pitfalls/comments

Band	cells Acute	bacterial
infection
Congenital	viral

Band	cells	in	the	absence	of	other	leucoerythroblastic
features	are	not	a	normal	feature	in	preterm	babies



infection
Rare	congenital
causes	(e.g.	Pelger–
Huët	anomaly)

Toxic	granulation
of	neutrophils

Acute	bacterial
infection
Chronic	bacterial
infection	(e.g.
osteomyelitis)
HIE	(toxic	granulation
may	persist	for	up	to	2
weeks	after	birth)
Maternal
chorioamnionitis
without	acute	infection
in	the	baby	(may
persist	for	up	to	1
week	after	birth)
Meconium	aspiration
(may	persist	for	up	to
1	week	after	birth)

Toxic	granulation	after	the	first	week	of	life	is	usually	due	to
infection	(apart	from	cases	of	severe	HIE)
Neonates	born	to	mothers	with	severe	chorioamnionitis	may
have	very	marked	leucocytosis	(WBC	up	to	80	×	109/l),
even	in	the	absence	of	acute	neonatal	infection	(normal	or
minimally	raised	CRP	and	lack	of	band	cells	being	the	most
helpful	distinguishing	features)

Vacuolation	of
neutrophils

Staphylococcus
epidermidis	infection
(typically	line
infections)
Candida	spp.
infection
NEC
Other	acute	bacterial
infections,	e.g.	due	to
Gramnegative
species

Neonates	with	NEC	nearly	always	have	neutrophil
vacuolation
Acute	bacterial	infection	and	NEC	often	coexist;
neutrophil	vacuolation	is	not	specific	to	NEC	but	the
absence	of	neutrophil	vacuolation	makes	NEC	unlikely

Leucoerythroblastic
features

Normal	feature	in	the
first	week	of	life	in
preterm	babies	(≤28
weeks’	gestation	at
birth)
HIE	(features	present
at	birth	and	may
persist	for	up	to	2
weeks)
Neonates	with	Down
syndrome	in	the	first	2
weeks	of	life

Neonates	with	leucoerythroblastic	features	due	to	infection
nearly	always	have	a	peak	in	band	cells	as	well

CRP,	Creactive	protein;	HIE,	hypoxic	ischaemic	encephalopathy;	NEC,	necrotising	enterocolitis;	WBC,	white	cell	count.



Although	rare,	certain	inherited	immunodeficiency	syndromes	classically	present	with	persistent
neutrophilia,	which	is	often	first	evident	in	the	neonatal	period.	These	disorders	are	important	to
recognise	promptly	because	of	the	high	frequency	of	severe	infection,	which	may	be	fatal.8,9	These
include	the	leucocyte	adhesion	deficiency	(LAD)	syndromes	caused	by	biallelic	mutations	in	the
ITGB2,	SLC35C1	and	FERMT3	genes	in	LADI,	LADII	and	LADIII,	respectively; 10,11	and	interferon
regulatory	factor	8	(IRF8)	deficiency	caused	by	biallelic	mutations	in	 IRF8.9,12	The	cooccurrence	of
persistent	neutrophilia	with	delayed	separation	of	the	umbilical	cord	is	highly	suggestive	of	a	LAD
syndrome.11

Table	3.2	Causes	of	neutrophilia	in	neonates

Condition Diagnostic	notes
Infection
Acute	bacterial	infection* Often	preceded	by	transient	neutropenia	and	with	an	increased

proportion	of	band	cells
Usually	accompanied	by	toxic	granulation	of	the	neutrophils

Chronic	bacterial	infection	(e.g.
osteomyelitis)

Toxic	granulation	often	mild
Neutrophil	left	shift	usually	absent

Some	viral	infections	(e.g.
chikungunya	virus)

Neutrophilia,	usually	mature;	occasional	cases	with	severe
thrombocytopenia

Maternal	chorioamnionitis* Mature	neutrophilia	with	toxic	granulation
Constitutional	trisomies
Trisomy	21	(Down	syndrome)
Trisomy	13	(Patau	syndrome)
Trisomy	18	(Edwards
syndrome)

Neutrophilia	is	commonly	seen	in	neonates	with	Down	syndrome	even
in	the	absence	of	infection	or	TAM

Transient	abnormal
myelopoiesis	associated	with
Down	syndrome

Blast	cells	are	>10%
Leucocytosis	(WBC	>30	×	109/l)	is	common

Inherited	immunodeficiency	disorders
LAD	syndromes,	IRF8
deficiency

Persistent	neutrophilia;	delayed	separation	of	the	cord	(LAD
syndromes);	hypofunctional/dysplastic	neutrophils	(IRF8	deficiency)

Other
Benign	altituderelated
neutrophilia

Neutrophilia	without	left	shift	in	neonates	born	at	altitude	(≥1550	m
above	sea	level)	who	have	no	clinical	or	laboratory	evidence	of
infection

Drugs	(e.g.	corticosteroids,	G
CSF)
*	Common	causes	of	neonatal	neutrophilia.
TAM,	transient	abnormal	myelopoiesis;	WBC,	white	cell	count;	GCSF,	granulocyte	colonystimulating	factor.

Finally,	treatment	of	neonates	with	corticosteroids	or	recombinant	granulocyte	colonystimulating	factor
(GCSF)	causes	neutrophilia	that	begins	a	few	days	after	therapy	is	started	and	lasts	for	several	days



after	discontinuation.	Another	benign	cause	of	neutrophilia,	with	no	neutrophil	left	shift	and	no	other
clinical	or	laboratory	signs	of	infection,	has	been	reported	in	neonates	born	at	altitude	(≥1550	m).13	The
duration	of	the	neutrophilia	is	not	clear	as	all	the	neonates	in	this	study	were	discharged	before	day	4	of
life	and	the	mechanism	was	not	investigated.	However,	these	data	suggest	that,	in	relevant	countries,	care
should	be	taken	not	to	rely	on	the	neutrophil	count	alone	as	a	marker	of	infection.

Table	3.3	Causes	of	lymphocytosis	in	neonates

Congenital	infection
Cytomegalovirus
Coxsackievirus
Acquired	neonatal	infection
Cytomegalovirus
Respiratory	syncytial	virus
SARSCoV2	(COVID19)
Bordetella	pertussis	
Malaria
Immunodeficiency	disorders
Omenn	syndrome
Autoimmune	lymphoproliferative	syndrome

COVID19,	coronavirus	disease	19;	SARSCoV2,	severe	acute	respiratory	syndrome	coronavirus	2.

Causes	and	significance	of	neonatal	lymphocytosis
The	main	causes	of	lymphocytosis	during	the	neonatal	period	are	shown	in	Table	3.3.	Lymphocytosis	is
not	very	common	in	neonates	and	is	usually	associated	with	congenital	or	nosocomially	acquired	viral
infection,	particularly	with	cytomegalovirus	(CMV),	respiratory	syncytial	virus	(RSV)	or
coxsackievirus.14–16	However,	it	is	important	to	note	that	the	majority	of	neonates	with	congenital	CMV
infection	have	no	clinical	findings	at	birth	and	that	thrombocytopenia	is	the	most	common	haematological
feature	of	infection	(see	Chapter	4).15	Neonatal	COVID19	is	also	associated	with	lymphocytosis,	in
contrast	to	adults,	who	tend	to	have	lymphopenia.17	Neonatal	infection	with	Bordetella	pertussis,
although	uncommon,	can	be	associated	with	very	severe	infection	and	a	dramatic	lymphocytosis.18	In
addition,	both	transplacentally	acquired	and	neonatally	acquired	malaria	cause	atypical	lymphocytosis
similar	to	that	seen	in	neonatal	CMV	infection.19	Finally,	lymphocytosis	may	be	seen	in	association	with
certain	inherited	immunodeficiency	syndromes,	in	particular	Omenn	syndrome20	and	autoimmune
lymphoproliferative	syndrome	(ALPS).21,22

Causes	and	significance	of	neonatal	eosinophilia
Eosinophilia	is	common	during	the	neonatal	period,	occurring	in	about	10%	of	all	babies	admitted	to
neonatal	intensive	care	units23	and	in	up	to	75%	of	the	most	preterm	neonates	(<27	weeks’	gestation).24,25
The	principal	causes	are	shown	in	Table	3.4	and	a	typical	example	in	a	preterm	neonate	is	shown	in	Fig.
3.1.	The	most	common	causes	of	eosinophilia	in	neonates	are	bacterial	infection	and	necrotising
enterocolitis	(NEC)	with	the	eosinophilia	developing	1	or	2	days	after	the	onset	of	these
complications.23,24	The	eosinophilia	is	usually	mild	and	transient,	but	early,	persistent	eosinophilia	in
NEC	has	been	found	to	predict	for	late	complications.28	Eosinophilia	is	also	found	secondary	to	allergic



conditions	in	neonates,	such	as	food	proteininduced	enterocolitis,	a	condition	presenting	with	bloody
stools	and	eosinophilia	in	breastfed	or	formulafed	neonates. 29	Finally,	eosinophilia	is	seen	in	up	to	23%
of	cases	of	TAM	where	the	eosinophils	are	part	of	mutant	GATA1	clone30	and	may	contribute	to	the	liver
fibrosis	seen	in	severe	cases.31

Table	3.4	Causes	of	eosinophilia	in	neonates

Condition Diagnostic	notes
Infection

Bacterial,	particularly	due	to	Gram	negative
organisms

Viral,	e.g.	RSV

Usually	mild	and	transient
Develops	1–2	days	after	the	onset	of	infection
Average	duration	6	days

Necrotising	enterocolitis Seen	in	~50%	of	cases
Develops	within	24	hours	of	the	diagnosis	of
NEC

Allergic/inflammatory	conditions

Food	proteininduced	enterocolitis

Eosinophilic	oesophagitis26

Neonatal	eosinophilic	pustulosis27

Eosinophilia	is	persistent	and	may	be	marked
Clinical	features	of	the	underlying	condition	will
be	present

Transient	abnormal	myelopoiesis	in	neonates	with
Down	syndrome

Seen	in	up	to	23%	of	cases	but	not	usually
prominent
May	be	a	later	feature	(median	age	at
presentation	41	days)

NEC,	necrotising	enterocolitis;	RSV	respiratory	syncytial	virus.



Fig.	3.1	Blood	film	of	a	preterm	neonate	with	eosinophilia	showing	two	eosinophils	and	two	neutrophils.
May–Grünwald–Giemsa	(MGG),	×100	objective.

Causes	and	significance	of	abnormalities	in	monocyte	number	in	neonates
Monocytosis	is	fairly	common	in	neonates,	occurring	most	often	in	association	with	infection	(Table	3.5).
In	general,	monocytosis	is	a	nonspecific	early	feature	of	acute	bacterial	infection,	the	number	of
monocytes	rising	with	the	neutrophil	count	but	usually	falling	more	quickly	as	the	infection	resolves.
Monocytosis	is	particularly	associated	with	congenital	syphilis,	protozoal	infections	and	Candida
infections.32–34	More	recently,	monocytosis	together	with	neutropenia	has	been	noted	as	a	presenting
finding	in	neonates	with	COVID19 35	and	in	neonatal	varicella	infection.36	There	is	often	a
compensatory	monocytosis	in	neonates	with	either	inherited	or	acquired	neutropenia,	including	neonatal
alloimmune	neutropenia,37	as	discussed	later.	The	other	major	group	of	conditions	associated	with
monocytosis	are	neonatal	preleukaemic	and	leukaemic	conditions,	including	TAM	in	neonates	with	Down
syndrome,	juvenile	myelomonocytic	leukaemia	(JMML)	due	to	inherited	rasopathies,	and	congenital
leukaemia.	Differentiation	of	these	conditions	from	infection	may	be	difficult,	especially	in	JMML	where
the	monocytic	component	of	the	disease	is	very	prominent.38–42	Neonates	with	Wiskott–Aldrich	syndrome
may	also	present	with	monocytosis	and	diagnostic	confusion	with	JMML	is	increasing	recognised.43–45



Table	3.5	Causes	of	monocytosis	in	neonates

Condition Diagnostic	notes
Infection Particularly	seen	in	congenital	protozoal	infections,

congenital	syphilis	and	Candida	infections
Common	early	feature	of	bacterial	infection	which
resolves	within	a	few	days
Blasts	nearly	always	<8%

Transient	abnormal	myelopoiesis/transient
myeloproliferative	disorder	associated	with	Down
syndrome

Acquired	mutations	in	the	GATA1	gene	always
present
Peripheral	blood	blasts	variable	(1–90%)
Also	occurs	in	neonates	with	mosaic	Down
syndrome	and	no	other	clinical	features	of	Down
syndrome
Other	features	usually	present	(see	Table	3.10)

Transient	juvenile	myelomonocytic	leukaemia
associated	with	congenital	rasopathies

Most	commonly	seen	in	association	with	Noonan
syndrome	(PTPN11	mutations)
Peripheral	blood	blasts	variable
Increased	numbers	of	abnormal	monocytes	always
present
Family	history	may	be	helpful	(e.g.	of
neurofibromatosis)

Congenital	neutropenia

Inherited	(e.g.	Kostmann	syndrome)

Neonatal	alloimmune	neutropenia

Wiskott–Aldrich	syndrome

Isolated	severe	neutropenia	from	birth,
recurrent	bacterial	infection,	family	history
monocytosis	increases	during	infections
Isolated	severe	neutropenia	at	birth,
No	family	history;	recovers	in	1–2	months
Other	features	of	WAS	(e.g.	eczema,
microthrombocytopenia,	recurrent	infections)	in	a
male	infant

WAS,	Wiskott–Aldrich	syndrome.

Neonatal	monocytopenia	is	rare	but	may	be	a	useful	clue	to	a	diagnosis	of	certain	inherited
immunodeficiency	disorders,	particularly	IRF8	deficiency,	which	is	associated	with	severe	and
potentially	fatal	infection	in	the	neonatal	period.9

Circulating	blast	cells	in	neonates
In	contrast	to	infants	and	older	children,	neonates	have	increased	numbers	of	circulating	immature	‘blast
cells’,	most	commonly	resembling	the	myeloblasts	seen	in	acute	leukaemia	(Table	3.6).	The	numbers	of
circulating	blasts	are	generally	inversely	proportional	to	gestational	age	and	tend	to	increase	in	the	early
stages	of	acute	infection	(Fig.	3.2).	Most	reported	cases	of	increased	blast	cells	are	in	preterm	neonates,
are	transient	and	occur	as	part	of	a	general	hyperleucocytosis,	often	without	an	underlying	cause	being
identified.46–48	Even	in	extremely	preterm	neonates	with	severe	sepsis	the	percentage	of	blasts	almost
always	remains	below	8%.6	The	term	‘neonatal	leukaemoid	reaction’	(NLR)	has	been	used	to	describe	a
white	blood	cell	count	≥50	×	109/l	in	a	neonate.	NLR	was	shown	to	be	associated	with	sepsis,



bronchopulmonary	dysplasia,	intraventricular	haemorrhage	(IVH)	and	a	high	mortality	rate	when
gestationmatched	neonates	with	and	without	NLR	were	compared. 49	Neonates	with	Down	syndrome
almost	always	have	circulating	blast	cells,	even	in	the	absence	of	TAM	(discussed	later	in	this	chapter).6
Blast	cells	are	also	a	feature	of	neonatal	JMML	seen	in	some	patients	with	inherited	rasopathies.38,39	The
main	significance	of	the	presence	of	circulating	blast	cells	is	to	be	able	to	distinguish	the	very	rare
neonates	with	congenital	leukaemia	from	the	vast	majority	with	selflimiting	benign	or	preleukaemic	or
spontaneously	remitting	leukaemic	disorders.

Table	3.6	Causes	of	increased	blast	cells	in	neonatal	blood	films

Condition Diagnostic	notes
Nonspecific	normal	feature	in	preterm
neonates,	particularly	if	unwell	due	to	infection
or	other	causes

Transient	feature	which	resolves	within	a	few	days
Blasts	nearly	always	<8%

Transient	abnormal	myelopoiesis/transient
myeloproliferative	disorder	associated	with
Down	syndrome

Acquired	mutations	in	the	GATA1	gene	always	present
Peripheral	blood	blasts	variable	(1–90%)
Also	occurs	in	neonates	with	mosaic	Down	syndrome
and	no	other	clinical	features	of	Down	syndrome
Other	features	usually	present	(see	Table	3.10)

Transient	juvenile	myelomonocytic	leukaemia
associated	with	congenital	rasopathies

Most	commonly	seen	in	association	with	Noonan
syndrome
Peripheral	blood	blasts	variable
Increased	numbers	of	abnormal	monocytes	always
present
Family	history	may	be	helpful	(e.g.	of
neurofibromatosis)

Congenital	leukaemia	(in	neonates	without	Down
syndrome)

40%	acute	myeloid	leukaemia
60%	acute	lymphoblastic	leukaemia
Peripheral	blood	blasts	usually	>20%
Characteristic	molecular	and	cytogenetic
abnormalities	(e.g.	KMT2A	rearrangements	in	ALL
and	t(1;22)	in	AML)

ALL,	acute	lymphoblastic	leukaemia;	AML,	acute	myeloid	leukaemia.



Fig.	 3.2	 Blood	 film	 of	 a	 preterm	 neonate	 born	 at	 24	 weeks’	 gestation	 showing	 blast	 cells	 and
promyelocytes.	Note	 the	 large	number	of	echinocytes	 typical	of	a	neonate	born	at	 this	gestation.	MGG,
×40.

Neonatal	infection	and	its	differential	diagnosis:	clues	from	the	blood
count	and	blood	film
The	typical	haematological	changes	associated	with	bacterial	infection	at	any	age	are	neutrophilia,	an
increased	proportion	of	immature	forms	(usually	referred	to	as	neutrophil	‘left	shift’	or	increased	band
forms)	and	toxic	granulation	of	the	neutrophils.	In	neonates,	one	of	the	most	important	diagnostic
considerations	is	the	postnatal	age	of	the	baby	at	the	time	that	the	blood	sample	is	collected	as	this	is
crucial	to	the	correct	interpretation	of	the	findings.

The	detection	of	neutrophil	left	shift	in	neonatal	blood	films	is	straightforward	when	the	vast	majority	of
circulating	neutrophils	are	nonsegmented	‘band’	forms	( Fig.	3.3).	However,	in	many	cases	the	changes
are	less	clear	cut;	many	studies	have	described	attempts	to	measure	the	extent	of	neutrophil	left	shift	in	a
reproducible	and	reliable	manner.	The	most	sensitive	approach	is	to	calculate	the	ratio	of	immature	band
cells	to	total	neutrophils,	the	(I/T)	neutrophil	ratio,	on	the	basis	of	a	manual	differential	count.50,51	In	many
hospitals	this	has	been	superseded	by	automated	counts	of	immature	neutrophils/granulocytes	reported	as
the	immature	granulocyte	percentage	(IG%)	although	both	manual	and	automated	approaches	appear	to
give	broadly	similar	results	and	neither	is	100%	reliable.52	All	of	these	approaches	are	greatly	affected
both	by	gestational	age	and	by	postnatal	age	and	close	liaison	between	the	haematology	laboratory	and	the
clinical	team	is	crucial	to	interpreting	the	significance	of	the	results.



Fig.	3.3	Blood	film	of	a	preterm	neonate	with	infection	by	group	B	Streptococcus	showing	two	band	cells
with	toxic	granulation.	MGG,	×100.

Acute	bacterial	infection
Neonatal	infection	remains	a	major	cause	of	morbidity	and	mortality	throughout	the	world,	accounting	for
approximately	22%	of	global	annual	neonatal	deaths.53	The	haematological	findings	can	be	very	useful	in
making	a	prompt	diagnosis	both	in	wellresourced	counties	and	in	low	and	middleincome
countries.53–55	Indeed,	in	our	experience,	it	is	often	possible	to	identify	the	most	likely	pathogen	by
integrating	the	clinical	and	haematological	findings.

Neonatal	sepsis	is	often	categorised	as	either	earlyonset	sepsis	(EOS)	or	lateonset	sepsis	(LOS),	with
EOS	variably	defined	but	generally	indicating	sepsis	within	the	first	3–7	days	after	birth.	This	reflects	the
mode	of	infection	(during	labour	and	delivery	for	most	cases	of	EOS	and	nosocomial	for	LOS).
Historically,	the	most	frequent	cause	of	acute	bacterial	infection	presenting	at	or	within	24	hours	of	birth
is	group	B	Streptococcus.	This	remains	a	very	important	cause	of	EOS	but	has	been	overtaken	in	some
countries	by	nosocomially	acquired	Gramnegative	infections. 56	The	blood	film	appearances	of	group	B
Streptococcus	infection	on	day	1	of	life	are	highly	characteristic	(see	Fig.	3.3);	the	proportion	of	band
cells	to	mature	neutrophils	is	markedly	increased,	toxic	granulation	is	minimal	and	the	total	neutrophil	and
leucocyte	counts	are	frequently	reduced	(for	normal	ranges,	see	Table	1.2).	By	day	2–3	of	life,	there	is



typically	a	neutrophilia	with	toxic	granulation	and	less	marked	neutrophil	left	shift	as	the	neonate
responds	appropriately	to	the	infection.

The	presence	of	increased	band	cells,	in	the	absence	of	a	more	generalised	left	shift	of	myeloid	cells
including	myelocytes,	promyelocytes	and	blast	cells,	is	not	a	normal	feature	in	a	neonate	at	any	gestation
and	is	a	very	sensitive	indicator	of	acute	bacterial	infection.	The	only	other	causes	of	increased	band
cells	typically	seen	in	neonates	are	congenital	viral	infection,	such	as	CMV	or	coxsackievirus	infection,
and	inherited	causes	such	as	the	autosomal	dominant	Pelger–Huët	anomaly	due	to	inherited	mutations	in
LBR,	which	encodes	the	lamin	B	receptor.57,58	In	heterozygous	cases,	the	neutrophils	have	unsegmented,
dumbbellshaped	or	bilobed	nuclei	( Fig.	3.4)	and	the	eosinophils	have	round	nuclei	(Fig.	3.5),	whereas
in	homozygotes	the	neutrophil	nuclei	are	also	round.59

Fig.	3.4	Blood	film	of	a	term	neonate	with	Pelger–Huët	anomaly	showing	three	neutrophils	with	typical
dumbbellshaped	nuclei.	 MGG,	×100.

After	group	B	Streptococcus,	the	most	common	cause	of	acute	bacterial	infection	at	birth	is	a	Gram
negative	organism,	most	often	Haemophilus	influenzae.	In	such	cases,	in	our	experience,	the	neutrophils
often	show	cytoplasmic	vacuolation	as	well	as	toxic	granulation	and	atypical	mononuclear	cells	(i.e.
atypical	lymphocytes)	may	also	be	seen	(Fig.	3.6).	The	presence	of	atypical	mononuclear	cells,	with	or
without	monocytosis,	is	also	a	feature	of	congenital	infection	with	Listeria	monocytogenes	(Fig.	3.7),
Toxoplasma	gondii	(Fig.	3.8)	and	Mycoplasma	pneumoniae	(Fig.	3.9).



Fig.	3.5	 Blood	 film	 of	 a	 term	 neonate	with	 Pelger–Huët	 anomaly	 showing	 a	 Pelger	 eosinophil	with	 a
rounded	nucleus	as	well	as	a	neutrophil	with	a	typical	dumbbellshaped	nucleus.	 MGG,	×100.



Fig.	3.6	Blood	film	of	a	preterm	neonate	showing	typical	features	of	a	Gramnegative	bacterial	infection:
neutrophil	toxic	granulation,	marked	left	shift	and	vacuolation.	Note	the	thrombocytopenia	and	some	red
cell	fragments	consistent	with	concomitant	disseminated	intravascular	coagulation	(DIC).	MGG,	×100.



Fig.	3.7	Blood	 film	of	a	neonate	with	congenital	Listeria	monocytogenes	 infection	 showing	peripheral
blood	monocytosis.	Note	the	erythroblastosis	secondary	to	intrauterine	growth	restriction	(IUGR)	which
is	also	a	feature	of	neonatal	listeriosis:	(a)	×40;	(b)	×100,	MGG.

Although	with	experience,	examination	of	neonatal	blood	films	is	a	rapid	and	useful	way	of	helping	to
establish	the	presence	of	infection	in	a	neonate,	there	are	two	important	limitations.	First,	the	assessment
is	fairly	subjective	and,	in	our	experience,	is	most	accurate	when	serial	daily	blood	films	are	available
for	review	as	the	change	in	the	blood	film	appearance	are	often	more	important	than	the	magnitude	of
those	changes.	Secondly,	it	is	important	to	be	aware	of	a	number	of	pitfalls.	In	particular,	two	of	the
cardinal	signs	of	acute	bacterial	infection,	neutrophilia	and	toxic	granulation,	can	also	be	seen	in	a
number	of	other	conditions	that	are	unique	to	neonates,	including	meconium	aspiration,	hypoxic	ischaemic
encephalopathy	(Fig.	3.10)	and	maternal	chorioamnionitis	(see	Table	3.1).	All	of	these	complications
cause	transient	haematological	changes,	which	gradually	resolve	over	the	first	few	days	of	life.



Fig.	3.8	Blood	film	of	a	neonate	with	congenital	toxoplasmosis	showing	atypical	mononuclear	cells.	Note
the	presence	of	target	cells,	which	may	reflect	the	liver	involvement	also	present	in	this	neonate.	MGG,
×100.



Fig.	3.9	Blood	film	of	a	preterm	neonate	born	at	26	weeks’	gestation	with	congenital	pneumonia	caused
by	Mycoplasma	 pneumoniae	 infection	 showing	 neutrophils	 and	 atypical	 mononuclear	 cells.	 Note	 the
large	number	of	echinocytes	typical	of	a	neonate	born	at	this	gestation.	MGG,	×40.

There	have	been	many	attempts	to	develop	more	objective	ways	of	identifying	acute	neonatal	infection
based	on	the	haematological	findings	available	from	the	full	blood	count	and	blood	film	review.	While
most	of	these	rely	on	various	combinations	of	the	white	cell	count	(WBC)	and	the	proportion	of	immature
neutrophils,	one	of	the	best	developed	is	the	Hematologic	Scoring	System,	which	includes	neutrophil
morphology.60	The	developers,	Rodwell	and	colleagues,	assigned	a	score	of	1	for	each	of	seven	findings:
abnormal	WBC,	abnormal	total	neutrophil	count,	elevated	immature	polymorphonuclear	(PMN)	count,
elevated	immature	to	total	PMN	ratio,	immature	to	mature	PMN	ratio	greater	than	or	equal	to	0.3,	platelet
count	less	than	or	equal	to	150	×	109/l	and	‘degenerative’	changes	in	the	neutrophils	(defined	as	toxic
granulation,	vacuolation	and/or	Döhle	bodies).	Using	a	score	of	≥3,	they	could	identify	almost	100%	of
neonates	with	definite	or	probable	infection	with	a	false	positive	rate	of	14%,	while	with	a	score	of	≤2
the	likelihood	that	sepsis	was	absent	was	99%.	They	subsequently	reported	that	the	scoring	system	could
also	be	used	to	identify	sepsis	in	neutropenic	neonates	when	a	score	of	≥3	was	combined	with	a
neutrophil	count	of	<0.5	×	109/l.61	This	approach	was	found	to	be	still	valuable	in	a	more	recent	study54
and,	although	it	is	highly	reliant	on	the	availability	of	skilled	laboratory	staff,	expensive	equipment	is	not
required.	It	seems	likely	that	the	application	of	more	sophisticated	automated	methods,	including	artificial
intelligence	(AI)/machine	learning,	will	soon	provide	an	alternative	approach.55



Fig.	 3.10	 Blood	 film	 of	 a	 preterm	 neonate	 born	 at	 27	 weeks’	 gestation	 and	 found	 to	 have	 hypoxic
ischaemic	encephalopathy	showing	toxic	granulation	of	the	neutrophils,	a	promyelocyte	and	nucleated	red
blood	 cells	 (NRBC).	Note	 also	 the	 thrombocytopenia	 and	 occasional	 schistocyte	 consistent	with	DIC.
MGG,	×60.

Maternal	chorioamnionitis
Many	babies,	particularly	those	who	are	born	before	term,	have	marked	neutrophilia	and	toxic	granulation
at	birth	with	very	few	band	forms.	In	the	vast	majority	of	cases,	these	changes	are	not	a	sign	of	acute
bacterial	infection	in	the	baby	but	instead	are	due	to	maternal	chorioamnionitis	(Fig.	3.11),	which	is	a
very	common	trigger	of	preterm	delivery.	These	changes	likely	reflect	the	passage	of	maternal	cytokines,
such	as	interleukin6	(IL6)	and	IL8,	across	the	placenta	during	labour	and	delivery. 62	In	such	cases,
neonatal	blood	cultures	are	negative	and	Creactive	protein	levels	are	normal	or	mildly	increased. 63	The
leucocyte	count	is	usually	high	and	may	even	exceed	100	×	109/l	despite	the	absence	of	acute	infection	in
the	baby.49	These	changes	in	the	blood	film	are	maximal	in	the	first	24	hours	after	birth	and	gradually
resolve	over	the	first	3–4	days	of	life.	It	is	important	to	note	that	identical	findings	appearing	in	a	blood
film	after	this	time	are	almost	always	indicative	of	acute	bacterial	infection	in	the	baby.



Fig.	3.11	Impact	of	maternal	chorioamnionitis	on	the	blood	film	at	birth	showing	that	toxic	granulation	of
the	neutrophils	is	already	present.	MGG,	×100.

Leucocyte	vacuolation
Prominent	vacuolation	of	the	cytoplasm	of	neutrophils,	monocytes	and	sometimes	eosinophils	can	also	be
a	useful	diagnostic	finding	in	neonatal	blood	films	(see	Table	3.1).	As	well	as	a	fairly	common	finding	in
Gramnegative	infections,	this	can	also	be	a	feature	of	neonatal	 Staphylococcus	epidermidis	infections
in	association	with	indwelling	vascular	catheters	(Fig.	3.12).	In	some	cases	the	organism	is	visible	within
these	vacuoles	(Fig.	3.13);	however,	systematic	evaluation	of	neonatal	blood	films	or	buffy	coats	suggests
that	this	is	not	a	very	sensitive	way	of	detecting	bacteraemia	and	is	seen	only	in	very	severe	sepsis.64
Systemic	fungal	infection	with	Candida	or	Aspergillus	species,	which	are	major	causes	of	morbidity	and
mortality	in	preterm	neonates	less	than	28	weeks’	gestation	at	birth,65	also	often	causes	neutrophil	and
monocyte	vacuolation	which	typically	produces	a	‘motheaten’	appearance	of	the	cells	(Fig.	3.14).	Many
cases	also	have	thrombocytopenia.65	Blood	film	evaluation	can	be	a	useful	diagnostic	tool	in	neonates	at
high	risk	of	fungal	infection	as	the	leucocyte	changes	may	be	an	early	diagnostic	sign.

One	of	the	most	serious	complications	seen	in	neonates,	particularly	preterm	neonates,	is	necrotising
enterocolitis,	an	inflammatory	intestinal	disease	of	uncertain	aetiology.	In	the	early	stages	of	the	disease,
the	clinical	signs	are	often	nonspecific	(abdominal	distension	and	feeding	intolerance)	and	the
haematological	features	at	this	stage	include	neutropenia	and	often	a	fall	in	the	platelet	count,	initially	not
to	thrombocytopenic	levels.66	This	is	rapidly	followed	by	neutrophil	and	monocyte	vacuolation	and
thrombocytopenia	(Fig.	3.15).	In	our	experience,	neutrophil	and	monocyte	vacuolation	are	almost	always



present	in	neonates	with	NEC	and	are	a	very	useful	early	indicator	of	the	diagnosis.	Machine	learning
approaches	based	on	the	full	blood	count	are	now	being	developed	in	order	to	generate	predictive	models
for	diagnosis	of	the	cases	of	NEC	that	are	best	treated	by	early	surgery.66

Fig.	 3.12	 Blood	 film	 of	 a	 3weekold	 preterm	 neonate	 born	 at	 29	weeks’	 gestation	who	 developed
infection	of	an	indwelling	intravascular	catheter	with	Staphylococcus	epidermidis.	The	film	shows	three
vacuolated	neutrophils	as	well	as	a	giant	monocyte.	MGG,	×100.



Fig.	 3.13	 Blood	 film	 of	 a	 preterm	 neonate	 with	 Staphylococcus	 epidermidis	 infection	 showing	 the
presence	of	the	organisms	within	two	monocytes.	Note	also	the	cytoplasmic	vacuolation.	MGG,	×100.

Viral	infection
Neonates	with	congenital	viral	infection,	most	commonly	CMV	but	also	enteroviruses	and	rubella,	usually
have	circulating	atypical	lymphocytes	that	can	be	readily	seen	in	blood	films	for	the	first	few	weeks	of
life,	providing	a	useful	clue	to	the	underlying	diagnosis	(Figs	3.16	and	3.17)	(see	Cases	4.1	and	4.2,
pages	227	and	230).	Similar	cells	are	also	seen	in	neonates	who	develop	nosocomial	viral	infection,	for
example	due	to	CMV	or	RSV.	Virusassociated	lymphocytosis	in	neonates	is	usually	transient	and	mild.
As	the	viraemia	resolves,	the	numbers	of	circulating	atypical	lymphocytes	fall.	In	occasional	cases	of
congenital	CMV	infection,	the	viraemia	and	thrombocytopenia	persist	for	several	months	and	in	such
cases	the	ongoing	presence	of	atypical	lymphocytes	in	the	blood	film	is	a	useful	marker	of	active
infection.	Adults	with	COVID19	have	also	been	reported	to	have	atypical	lymphocytes 67	but	their
presence	in	neonates	has	not	yet	been	reported.



Fig.	3.14	Blood	film	of	a	neonate	with	Candida	infection	showing	neutrophil	and	monocyte	vacuolation.
Note	 the	 large	number	of	 target	cells,	which	likely	reflect	systemic	 infection	involving	the	 liver.	MGG,
×100.

Fig.	 3.15	 Blood	 film	 of	 a	 preterm	 neonate	 with	 necrotising	 enterocolitis	 showing	 vacuolation	 of	 the
neutrophils	 and	monocytes,	which	 usually	 appears	 as	 one	 or	more	 rounded	 punched	 out	 ‘holes’	 in	 the
cytoplasm	of	these	cells:	MGG,	(a)	×40,	(b)	×100.



Fig.	3.16	Blood	film	of	a	neonate	with	congenital	cytomegalovirus	(CMV)	infection	showing	the	presence
of	typical	activated	lymphocytes.	MGG,	×100.



Fig.	3.17	Blood	film	of	a	preterm	neonate	with	congenital	infection	with	coxsackievirus	showing	a	large
lymphocyte	 with	 deeply	 basophilic	 cytoplasm	 and	 a	 second	 cell	 that	 may	 be	 a	 binucleated	 reactive
lymphocyte.	MGG,	×100.

Storage	disorders:	diagnostic	clues	from	the	blood	film
A	number	of	storage	disorders	cause	morphological	abnormalities	of	the	white	blood	cells	(reviewed	in
reference	68).	In	particular,	vacuolation	of	lymphocytes	is	seen	in	two	of	the	most	severe	of	these
disorders,	Wolman	disease	(lysosomal	acid	lipase	deficiency)	and	GM1gangliosidosis	(β
galactosidase	deficiency).

Wolman	disease	is	an	extremely	rare	lysosomal	storage	disease	caused	by	biallelic	mutations	in	the
LIPA	gene.69	Deficiency	of	the	lysosomal	acid	lipase	enzyme	leads	to	accumulation	of	intracellular	lipids
in	the	liver,	spleen,	lymph	nodes,	intestine	and	bone	marrow,	the	lipid	being	visible	as	vacuoles	within
the	circulating	lymphocytes68,70	(Fig.	3.18a).	Wolman	disease	typically	presents	in	the	first	few	months	of
life	with	hepatosplenomegaly,	jaundice,	failure	to	thrive	and	malabsorption.71	Although	the	diagnosis	is
established	using	enzymatic	analysis	and/or	deoxyribonucleic	acid	(DNA)	sequencing,	evaluation	of	a
neonatal	blood	film	for	the	typical	appearances	of	lymphocyte	vacuolation	is	a	useful	screening	test	in
neonates	with	unexplained	hepatosplenomegaly.	Prompt	diagnosis	is	important	as	the	disease	is	fatal	by
12	months	of	age	(median	age	at	death	3.7	months)71,72	and	effective	enzyme	replacement	therapy	with



sebelipase	alfa	is	available.70	Type	I	(infantile)	GM1	gangliosidosis	is	a	rare,	very	severe
sphingolipidosis	caused	by	mutations	in	the	GLB1	gene	that	cause	decreased	activity	of	βgalactosidase
and	storage	of	GM1	ganglioside.	The	disease	may	present	as	hydrops	fetalis	or	with	severe	central
nervous	system	(CNS)	dysfunction,	developmental	delay	and	hepatosplenomegaly.73	Unfortunately,	the
disease	is	uniformly	fatal	in	the	first	few	years	of	life	but	the	presence	of	lymphocyte	vacuolation	on	a
fetal	or	neonatal	blood	film	(Fig.	3.18b)	may	be	a	useful	screening	test	to	guide	the	specific	biochemical
and	molecular	tests	for	confirmation	of	the	diagnosis.74

Fig.	 3.18	 Blood	 films	 in	 storage	 disorders:	 (a)	 lymphocyte	 vacuolation	 in	 Wolman	 disease;	 (b)
lymphocyte	 vacuolation	 in	 βgalactosidase	 deficiency;	 (c)	Alder–Reilly	 bodies	 in	 a	 neutrophil	 in	 Sly
disease.	MGG,	×100.

Leucocyte	abnormalities	can	be	seen	in	the	blood	film	of	neonates	or	infants	with	a	number	of	other
inherited	storage	disorders	(Table	3.7).	In	several	of	the	mucopolysaccharidoses,	metachromatic	staining
of	granules	known	as	the	Alder–Reilly	anomaly	is	apparent	in	the	neutrophils	(Fig.	3.18c).	In	other
storage	disorders,	such	as	perinatally	lethal	Gaucher	disease,	due	to	mutations	in	the	GBA	gene,	the
disease	manifests	with	thrombocytopenia	or	as	a	‘blueberry	muffin’	skin	rash	rather	than	with	leucocyte
abnormalities.75



Neonatal	neutropenia
Definition	and	causes	of	neutropenia
Neutropenia	is	classically	defined	as	a	blood	neutrophil	concentration	more	than	2	standard	deviations
below	the	reference	range.	However,	as	discussed	in	Chapter	1,	the	neutrophil	count	varies	widely	with
postnatal	age,	and	different	considerations	therefore	need	to	be	made	in	interpreting	the	significance	of	the
neutrophil	count	in	neonates.	Although	clinicians	often	worry	when	a	routine	blood	count	reveals	a
neutrophil	count	below	the	normal	range	(see	Table	1.2)	because	of	anxiety	about	missing	cases	of	severe
congenital	neutropenia	(SCN),	in	practice,	most	neutropenia	in	neonates	is	mild,	transient	and	of	no
clinical	significance.	A	pragmatic	approach	is	to	consider	a	neutrophil	count	at	birth	of	less	than	2	×	109/l
as	abnormal	and	worth	monitoring,	and	a	neutrophil	count	during	the	first	month	of	life	of	<0.7	×	109/l	as
significant	enough	to	merit	further	investigation.

Table	 3.7	 Cytological	 abnormalities	 in	 metabolic	 and	 storage	 disorders	 and	 other	 constitutional
abnormalities	that	may	present	in	the	neonatal	period

Cytological	features Possible	diagnoses Diagnostic	clues
Large,	brightly	staining	granules,
which	can	also	be	larger	than
normal,	in	neutrophils	and	other
granulocytes	(Alder–Reilly
anomaly);	abnormal	lymphocyte
and	monocyte	granules	are
sometimes	also	present

As	an	isolated	anomaly	or	associated	with
one	of	the	mucopolysaccharidoses	(e.g.	Sly
syndrome,	Sanfilippo	syndrome,	Hurler
syndrome,	Hunter	disease),
mucosulphatidosis,	infantile	type	neuronal
ceroid	lipofuscinosis

Family	history,	features
of	a	storage	disorder	–
dysmorphism,
hepatomegaly,	slow
development

Giant	and	aberrantly	staining
granules	in	all	granulocytes,
monocytes	and	lymphocytes

Chédiak–Higashi	anomaly Family	history,
pancytopenia,	infection,
jaundice,	albinism	and
neurological
abnormalities

Cytoplasmic	inclusions	in
granulocytes	(Döhle	bodylike)

MYH9related	disorders	including	May–
Hegglin	anomaly

Family	history,
macrothrombocytopenia;
other	disease	features
(e.g.	deafness	and
nephropathy)	are	absent
in	the	neonatal	period

Cytoplasmic	vacuolation Carnitine	deficiency,	neutral	lipid	storage
disease,	Pearson	syndrome

Pancytopenia	in	Pearson
syndrome

Lymphocyte	vacuolation Mucopolysaccharidoses	(e.g.	Hunter
disease),	mucosulphatidosis,	mucolipidosis
type	II	(Icell	disease)	and	type	IV,
Niemann–Pick	disease	type	A,	Wolman
disease,	GM1gangliosidosis,
mannosidosis,	fucosidosis,	Pompe	disease,
sialic	acid	storage	disease

Family	history,	features
of	a	storage	disorder	–
dysmorphism,
hepatosplenomegaly,
CNS	dysfunction,
developmental	delay



Causes	of	neonatal	neutropenia	are	summarised	in	Table	3.8.	The	commonest	cause	of	neutropenia	at	birth
in	preterm	neonates	is	transiently	reduced	neutrophil	production	secondary	to	intrauterine	growth
restriction	(IUGR)	or	maternal	hypertension.76,77	Most	affected	neonates	also	have	thrombocytopenia	and
increased	erythropoiesis,	manifest	as	polycythaemia	and/or	increased	circulating	nucleated	red	blood
cells	(NRBC)	(Fig.	3.19).	Similar	haematological	abnormalities	(transient	neutropenia	and
thrombocytopenia	together	with	polycythaemia)	are	seen	in	the	infants	born	to	mothers	with	diabetes.76	It
is	important	to	note	that	the	neutrophils	in	neonates	with	IUGR	or	those	with	neutropenia	secondary	to
maternal	hypertension	or	diabetes	are	not	left	shifted,	helping	to	differentiate	this	form	of	neutropenia
from	sepsisassociated	neutropenia.	 A	retrospective	study	in	200	neonates	with	IUGR	noted	that	the
NRBC	count	correlated	inversely	with	the	neutrophil	count	during	the	first	days	after	birth	and	also	that
the	most	severely	weightrestricted	neutropenic	neonates	had	a	trend	toward	higher	NRBC	counts. 77	This
suggests	that	the	underlying	driver	for	these	haematological	abnormalities	may	be	chronic	fetal	hypoxia,
although	the	precise	mechanisms	have	not	been	identified.	This	form	of	neutropenia	resolves
spontaneously,	usually	within	a	few	days	of	birth	and	does	not	persist	beyond	the	first	2	weeks	of	life.76,77



Table	3.8	Causes	of	neonatal	neutropenia*

Chronic	in	utero	hypoxia
Maternal	hypertension
Intrauterine	growth	restriction
Maternal	diabetes
Infection
Acute,	perinatal	bacterial	infection,	e.g.	group	B	Streptococcus	
Congenital	viral	infections,	e.g.	cytomegalovirus
Neonatal	bacterial	infections
Neonatal	viral	infections,	e.g.	cytomegalovirus
Necrotising	enterocolitis
Immune
Autoimmune	(maternal	or	neonatal)
Alloimmune
Chromosomal	anomalies
Trisomy	21
Trisomy	18
Trisomy	13
Metabolic	disorders
Hyperglycinaemia
Isovaleric	acidaemia
Propionic	acidaemia
Methylmalonic	acidaemia
3Methylglutaconic	aciduria	type	II	(Barth	syndrome)
Pearson	syndrome
Marrow	replacement
Congenital	leukaemia	(see	Table	3.11)
Congenital	primary	myelofibrosis

*	Causes	of	inherited	severe	congenital	neutropenia	(SCN)	are	shown	in	Table	3.9.



Fig.	3.19	Blood	film	of	a	preterm	neonate	with	IUGR	showing	increased	numbers	of	normoblasts	and	a
basophilic	erythroblast.	MGG,	×60.

The	commonest	cause	of	neutropenia	in	term	infants	is	bacterial	or	viral	infection.	Neutropenia	in	the	first
few	hours	of	life	is	typically	associated	with	group	B	Streptococcus	infection	and	can	be	severe	(<0.5	×
109/l)	but,	in	contrast	to	inherited	SCN,	the	neutropenia	is	transient	and	replaced	by	increasing
neutrophilia	within	1–2	days.	Neutropenia	is	also	an	important	early	sign	of	NEC	and	of	LOS	(i.e.	sepsis
developing	after	the	first	7	days	of	life).	As	infection	and	NECassociated	neutropenia	is	self
limiting,	persistent	neutropenia	in	a	term	or	preterm	baby	should	always	be	investigated.	This	includes
looking	carefully	for	evidence	of	other	acquired	causes,	such	as	congenital	or	nosocomial	viral	infection
and	immune	neutropenia	(see	later).	Other	important	causes	of	neutropenia	are	SCN	due	to	a	selective
failure	of	neutrophil	production	(e.g.	Kostmann	syndrome)	(see	Table	3.9),	marrow	replacement	due	to
congenital	leukaemia	or	congenital	myelofibrosis,	and	a	number	of	rare	metabolic	disorders	that	are	listed
in	Table	3.8.	Finally,	severe	neutropenia	may	also	be	one	of	the	manifestations	of	rare	bone	marrow
failure	syndromes,	such	as	Pearson	syndrome	and	Fanconi	anaemia,	although	in	most	cases	anaemia	or
thrombocytopenia	is	more	prominent	(see	Chapter	2).	Note	that	neonates	with	the	Pelger–Huët	anomaly
are	not	neutropenic	unless	they	have	concomitant	infection,	although	typically	automated	neutrophil	counts
are	unreliable	in	these	cases	(Case	3.1,	see	page	169).

Immune	neutropenia
The	majority	of	cases	of	immune	neutropenia	in	the	neonatal	period	are	caused	by	alloantibodies	in	the
mother	directed	against	neutrophil	antigens	lacking	in	the	fetus/newborn.	Occasional	cases	arise	where



the	mother	herself	has	autoimmune	neutropenia	and	transplacental	maternal	autoantibodies	cause	neonatal
neutropenia.	True	autoimmune	neutropenia	almost	always	develops	after	the	age	of	6	months	but
occasional	cases	presenting	in	the	newborn	have	been	reported.78

Alloimmune	neonatal	neutropenia
This	condition	is	the	neutrophil	equivalent	of	haemolytic	disease	of	the	fetus	and	newborn	(HDFN)	and
fetal/neonatal	alloimmune	thrombocytopenia	(FNAIT).	In	contrast	to	HDFN	and	FNAIT,	it	is	not	clear
whether	neutropenia	causes	any	clinically	significant	disease	prior	to	birth.	Alloimmune	neutropenia
occurs	when	fetal	neutrophils	express	paternally	derived	antigens	of	the	human	neutrophil	antigen	(HNA)
system	that	are	absent	on	maternal	neutrophils	and	against	which	the	mother	produces	immunoglobulin	G
(IgG)	neutrophil	alloantibodies.

Table	 3.9	 Inherited	 causes	 of	 severe	 congenital	 neutropenia	 that	 present	 in	 neonates	 (see	 also	 Online
Mendelian	Inheritance	in	Man,	https://www.omim.org/)

Nature	of	condition Cytogenetic	or	genetic	abnormality
implicated	(inheritance)

Isolated	severe	congenital	neutropenia ELANE	(AD)
HAX1	(AR)
CSF3R	(AR)
GFI1	(AD)
VPS45	(AR)
JAGN1	(AR)
TCIRG1	(AD)
SRPS4	(AD)
CSF3R	(AR	or	AD)

Congenital	neutropenia	associated	with	immunodeficiency
or	syndromic	features
Shwachman	syndrome* SBDS	(AR)	or	DNAJC21	(AR)
Reticular	dysgenesis AK2	(AR)
Dursun	syndrome G6PC3	(AR)
Barth	syndrome TAFAZZIN	(XLR)
CLPB	syndrome** CLPB	(AD)
Wiskott–Aldrich	syndrome WAS	(XLR)
*	Neutropenia	is	often	intermittent	and	may	be	missed	in	the	neonatal	period.
**	Some	cases	have	isolated	severe	congenital	neutropenia	without	syndromic	features.

AD	autosomal	dominant;	AR,	autosomal	recessive;	XLR,	Xlinked	recessive.
Based	on	references	89	and	90.

Five	HNA	systems	have	been	recognised	as	targets	for	maternal	alloantibodies:	HNA1,	HNA2,
HNA3,	HNA4	and	HNA5	(reviewed	in	reference	 79).	The	most	common	causative	antibodies	are
directed	against	HNA1a	and	HNA1b,	followed	by	HNA2.	 Antibodies	directed	against	HNA1c,
HNA1d,	HNA3a,	HNA3b,	HNA4a,	HNA4b	and	HNA5a	are	rare. 79	No	cases	of	neonatal
alloimmune	neutropenia	due	to	antiHNA5b	have	yet	been	reported.	 Recent	data	suggest	that	although

https://www.omim.org/


antiHNA	antibodies	can	be	detected	in	approximately	1%	of	mothers,	only	1	in	10	women	with
antibodies	will	deliver	babies	with	documented	neonatal	alloimmune	neutropenia	(0.1%	of	all	live
births).80	Other	studies	have	reported	an	even	lower	frequency	of	neonatal	alloimmune	neutropenia,
0.01%81	or	even	0.001%	(reviewed	in	reference	80),	perhaps	because	most	milder	cases	are	missed
unless	screening	is	performed	as	part	of	a	research	study.	Like	FNAIT,	neonatal	alloimmune	neutropenia
can	occur	in	the	first	pregnancy.82

The	full	range	of	clinical	presentations	of	neonatal	alloimmune	neutropenia	is	not	known	as	most
asymptomatic	cases	will	be	missed,	given	that	routine	full	blood	counts	are	not	performed	unless	neonates
are	admitted	to	hospital.	Severe	cases	present	in	the	first	few	days	of	life	with	fever	and	infections	of	the
respiratory	tract,	urinary	tract	and	skin,	including	omphalitis.	Retrospective	series	have	identified	many
cases	of	neonatal	alloimmune	neutropenia	where	there	is	no	evidence	of	infection	and	the	diagnosis	has
been	made	because	of	an	incidental	finding	of	severe	neutropenia	where	a	full	blood	count	has	been
performed	for	another	reason	or	because	of	a	previously	affected	sibling.81,82	The	majority	of	cases	of
neonatal	alloimmune	neutropenia	are	diagnosed	in	term	babies	but	occasional	cases	in	preterm	neonates
have	been	reported.83

The	main	diagnostic	clue	to	neonatal	alloimmune	neutropenia	is	a	history	of	unexplained	neutropenia	that
persists	for	several	weeks	or	months	with	or	without	concomitant	bacterial	infection.	The	neutropenia	is
selflimiting	and	usually	resolves	in	1–2	months	although	occasional	cases	where	the	neutropenia	has
persisted	for	more	than	6	months	have	been	reported.81,84	The	reason	for	prolonged	neutropenia	and	the
mechanism	by	which	this	occurs	is	very	unclear.	The	haemoglobin	and	platelet	count	are	normal	and	there
are	no	specific	features	in	the	blood	film.	The	diagnosis	is	made	by	demonstrating	antineutrophil
antibodies	in	the	mother	and	baby,	which	react	against	paternal,	but	not	maternal,	neutrophil	antigens.
Investigation	typically	includes	maternal	HNA	antibody	screening,	HNA	genotyping	of	the	baby	and	both
parents	and	crossmatching	of	maternal	serum	against	paternal	neutrophils	if	possible.80	Serological
investigation	of	neonatal	alloimmune	neutropenia	requires	particular	expertise	and	is	usually	performed	in
specialist	laboratories	that	are	often	national	reference	centres.	The	mainstay	of	treatment	of	neonatal
alloimmune	thrombocytopenia	is	antibiotics.84	The	morbidity	and	mortality	of	neonatal	alloimmune
neutropenia	is	low	but	GCSF	may	be	useful	to	boost	the	neutrophil	count	in	cases	with	resistant
infection	and/or	prolonged	neutropenia,85	although	the	response	is	variable86,87	and	there	are	no
controlled	trials	to	confirm	the	benefit	of	GCSF	in	this	setting.

Neonatal	neutropenia	due	to	maternal	autoantibodies
This	rare	condition	is	caused	by	the	transfer	of	maternal	IgG	antibodies	across	the	placenta	from	mothers
with	autoimmune	neutropenia.88	The	clinical	manifestations	are	very	similar	to	those	of	neonatal
alloimmune	neutropenia	as	the	neutropenia	may	be	severe.	It	is	therefore	important	to	consider	this
diagnosis	by	checking	the	blood	count	and	blood	film	in	all	infants	born	to	mothers	with	a	history	of
autoimmune	neutropenia.	The	neutropenia	is	selflimiting	and	management	is	as	for	neonatal	alloimmune
neutropenia.

Inherited	congenital	or	neonatal	neutropenia
Severe	congenital	neutropenias	are	a	group	of	inherited	diseases	characterised	by	selective	failure	of
neutrophil	differentiation.	Although	the	neutrophil	count	is	extremely	low	(by	definition	<0.5	×	109/l)	and
neutrophils	are	often	almost	completely	absent	in	the	peripheral	blood	(Fig.	3.20),	the	bone	marrow
typically	shows	maturation	arrest	of	granulopoiesis	at	the	promyelocyte	stage	of	differentiation.	Although



the	disorders	are	all	very	rare	(estimated	incidence	3–8.5	cases	per	million	individuals),89	it	is	important
to	identify	SCN	in	the	neonatal	period	because	these	babies	are	at	high	risk	of	lifethreatening	infection
from	birth.	Indeed,	the	majority	of	affected	infants	present	with	infections	in	the	first	few	days	or	weeks	of
life.89

Typical	presentations	of	neutropeniaassociated	infections	in	the	neonatal	period	include	omphalitis,
pneumonia,	septicaemia,	cellulitis	and,	occasionally,	deep	tissue	abscesses.	Infections	are	often	more
severe	and/or	prolonged	than	in	neonates	who	are	able	to	mount	a	normal	neutrophil	response.	In	most
cases,	the	neutrophil	count	at	diagnosis	of	SCN	is	<0.2	×	109/l	(see	Fig.	3.20),	often	with	a	compensatory
monocytosis	(Fig.	3.21).	However,	investigations	are	indicated	in	all	neonates	where	the	neutropenia	is
severe	(<0.5	×	109/l),	particularly	when	this	persists	beyond	the	first	2	weeks	of	life	despite	resolution	of
infection	and/or	if	there	is	a	relevant	family	history.89,90

Fig.	3.20	Blood	film	of	a	3weekold	term	neonate	with	severe	congenital	neutropenia	(SCN)	showing
two	monocytes	and	 two	 lymphocytes	 (note	 the	absence	of	neutrophils	on	 this	 low	power	view).	MGG,
×20.



Fig.	 3.21	 Blood	 film	 of	 a	 neonate	 with	 SCN	 during	 an	 acute	 infection	 showing	 a	 monocyte	 and
promonocyte,	as	well	as	a	lymphocyte,	but	no	neutrophils.	MGG,	×100.

The	main	causes	of	SCN	that	present	in	the	neonatal	period	are	shown	in	Table	3.9.	While	most	cases
present	with	isolated	neutropenia,	SCN	is	also	seen	in	a	number	of	immunodeficiency	and	multisystem
disorders	where	the	presence	of	the	other	features	may	provide	clues	to	the	underlying	diagnosis.
Increasingly,	next	generation	sequencing	is	used	to	provide	a	rapid	diagnosis	based	on	gene	panels
containing	known	SCNassociated	genes.	 The	most	common	genetic	cause	of	SCN	is	mutation	of	ELANE
(previously	known	as	ELA2),	the	gene	that	encodes	neutrophil	elastase,	which	explains	45–60%	of	all
cases	of	SCN.	The	next	most	frequent	causative	genes	are:	the	SBDS	gene,	which	causes	Shwachman–
Diamond	syndrome;	the	G6PT	gene,	which	encodes	glucose6phosphate	translocase	and	causes
glycogen	storage	disease	type	1b;	and	HAX1,	which	is	now	known	to	explain	the	SCN	in	the	original
Kostmann	family.89	The	number	of	genes	known	to	cause	SCN	is	steadily	increasing	with	increasing	use
of	whole	genome	and	whole	exome	sequencing;	those	that	have	been	reported	to	present	in	the	neonatal
period	are	shown	in	Table	3.9	and	include	mutations	in	GFI1	(growth	factorindependent	protein	1),
JAGN1,	CSF3R,	TCIRG1,	SRP54,	SRP68,	DNAJC21	and	several	genes	affecting	the	endosomal
lysosomal	system,	such	as	VPS45.89–93

To	date	the	causative	genes	in	SCN	have	been	shown	to	be	important	for	normal	neutrophil
differentiation,	survival	and	function,	although	their	role	in	neutrophil	development	was	sometimes
unsuspected	prior	to	the	identification	of	the	underlying	defects	in	cases	presenting	as	SCN.	In	about
onethird	of	cases	no	causative	gene	is	identified. 90	In	that	situation,	bone	marrow	examination	may	be
useful	in	helping	to	pinpoint	the	pathophysiology	of	the	disease,	for	example	by	demonstrating



differentiation	arrest,	and	whole	exome	sequencing	may	reveal	new	candidate	causes	of	SCN,	which	must
always	be	validated	by	family	and	functional	studies.	Establishing	a	molecular	diagnosis	is	extremely
important,	not	only	for	identification	of	current	or	future	family	members,	but	also	because	patients	with
SCN	have	an	increased	risk	of	developing	leukaemia	of	up	to	60%	in	certain	subtypes.94,95	The	long
term	outlook	for	patients	with	SCN	has	been	transformed	by	the	introduction	of	GCSF	as	the	mainstay	of
treatment.	Overall	survival	is	now	>80%,	although	around	10%	of	patients	still	die	from	sepsis	or	severe
bacterial	infections.95,96

Severe	congenital	neutropenia	due	to	ELANE	mutation

Up	to	60%	of	cases	of	SCN	are	due	to	heterozygous	mutations	in	ELANE.97	To	date,	more	than	200
different	ELANE	mutations,	either	inherited	or	de	novo,	have	been	described.98	The	autosomal	dominant
pattern	of	inheritance	in	ELANEmutated	SCN	means	that	the	majority	of	cases	will	have	a	family	history.
A	second	clue	to	the	presence	of	an	ELANE	mutation	as	the	underlying	cause	is	the	absence	of	congenital
anomalies	or	other	syndromic	features,	which	are	common	in	other	types	of	SCN.	The	treatment	of	SCN	in
the	neonatal	period	is	a	combination	of	antibiotics	for	infection	and	GCSF	to	maintain	the	absolute
neutrophil	count	above	1	×	109/l,	usually	starting	with	a	dose	of	5	μg/kg/day	subcutaneously	and	titrating
according	to	the	neutrophil	count.84,89,90

Shwachman–Diamond	syndrome
Shwachman–Diamond	syndrome	is	an	autosomal	recessive	disorder	caused	by	biallelic	mutations	in	the
SBDS	gene.89,90	The	syndrome	is	characterised	by	the	triad	of	exocrine	pancreatic	insufficiency,	skeletal
dysplasia	and	neutropenia.	Although	the	Shwachman–Diamond	syndrome	typically	presents	later	in
infancy	with	failure	to	thrive,	severe	disease	has	been	reported	in	term	and	preterm	neonates.99,100	For
those	cases	that	do	present	in	the	neonatal	period,	the	diagnosis	is	suggested	by	the	presence	of
neutropenia	in	a	neonate	with	IUGR	with	or	without	skeletal	abnormalities.101	Importantly,	Shwachman–
Diamond	syndrome	may	present	in	the	neonatal	period	with	severe	thoracic	dystrophy.	Indeed,	there	are
several	reports	of	misdiagnosis	of	the	syndrome	as	the	skeletal	disease	Jeune	syndrome	(asphyxiating
thoracic	dystrophy	[ATD]),	where	the	delay	in	identifying	the	correct	diagnosis	as	Shwachman–Diamond
syndrome,	and	the	associated	bone	marrow	and	gastrointestinal	failure,	may	have	contributed	to	the	risk
of	early	neonatal	death	from	this	condition.101,102	Although	neutropenia	is	almost	always	present,	many
cases	also	have	anaemia	and/or	thrombocytopenia,	including	in	the	neonatal	period.99,101	The	diagnosis	is
based	on	the	clinical	history	together	with	the	blood	count,	evidence	of	exocrine	pancreatic	insufficiency,
the	presence	of	the	distinctive	skeletal	abnormalities	(metaphyseal	dysplasia,	thoracic	dystrophy,	short
and	splayed	ribs)	and	molecular	analysis	using	a	targeted	next	generation	sequencing	panel	or	whole
exome	sequencing	to	identify	the	causative	mutation	in	the	SBDS	gene.	Most	patients	respond	well	to
treatment	with	pancreatic	enzyme	replacement,	GCSF	to	prevent	recurrent	infections	and	antibiotics	as
necessary.	Unfortunately,	these	patients	appear	to	have	a	particularly	high	risk	of	developing	leukaemia
later	in	life.103	It	is	also	worth	noting	that	other	very	rare	bone	marrow	failure	syndromes,	such	as	bi
allelic	mutations	in	the	DNAJC21	or	SRP54	genes,	may	present	with	a	Shwachman–Diamondlike
syndrome.91,92	It	is	therefore	important	to	perform	DNA	analysis	to	establish	the	correct	molecular
diagnosis	and	plan	appropriate	management.

Severe	congenital	neutropenia	due	to	glucose6phosphate	transporter	( SLC37A4)
mutation
Glycogen	storage	disease	1b	is	caused	by	biallelic	mutations	in	the	 SLC37A4	gene	and	deficiency	of	the



glucose6phosphate	transporter	(G6PT1). 89	Although	the	clinical	presentation	may	be	delayed	until
later	in	infancy,	the	disease	has	been	reported	to	present	in	the	neonatal	period	with	hepatomegaly,
hypoglycaemia,	seizures	and	persistent	neutropenia,	most	likely	due	to	apoptosis	of	developing	and
mature	neutrophils.104	The	diagnosis	is	based	on	the	clinical	history	together	with	the	blood	count	and
molecular	analysis	by	targeted	next	generation	sequencing	or	whole	exome	sequencing.	As	with	other
causes	of	SCN,	treatment	with	GCSF	corrects	the	neutropenia	but	these	patients	also	have	an	increased
risk	of	developing	leukaemia	later	in	life.105

Severe	congenital	neutropenia	due	to	HAX1	mutation
Although	first	described	more	than	60	years	ago,	the	cause	of	Kostmann	syndrome	was	only	identified	in
2007	as	being	due	to	homozygous	mutations	of	the	HAX1	gene.106	In	the	original	series	of	patients,	all
from	the	same	large	pedigree,	the	patients	presented	at	birth	or	shortly	thereafter	with	omphalitis,	skin
infections,	abscesses	or	sepsis	and	all	of	the	children	died	during	the	first	year	of	life.107	It	is	now	clear
that	mutations	in	exon	2	of	HAX1	solely	affect	expression	of	isoform	A	of	the	HAX1	protein	and	manifest
as	SCN,	while	mutations	in	other	exons	of	HAX1	affect	expression	of	both	isoform	A	and	isoform	B,
resulting	in	both	neurological	problems	(cognitive	dysfunction,	developmental	delay,	seizures)	and
SCN.108,109	In	both	types	of	disease	HAX1	deficiency	causes	ineffective	neutrophil	production	and
maturation	arrest	at	the	promyelocyte	stage.	The	diagnosis	is	based	on	the	clinical	history	together	with
the	blood	count	and	molecular	analysis	using	a	targeted	next	generation	sequencing	panel	or	whole	exome
sequencing.	As	for	other	forms	of	SCN,	treatment	with	GCSF	is	effective	in	boosting	the	neutrophil
count	and	preventing	infection	but	these	patients	are	also	at	risk	of	developing	leukaemia	later	in	life.110

Haematological	features	of	neonates	with	Down	syndrome
Several	retrospective	studies	have	reported	an	increased	frequency	of	haematological	abnormalities	in
neonates	with	Down	syndrome,111,112	including	a	markedly	increased	risk	of	leukaemia	in	early	childhood
and	of	a	neonatal	condition	known	as	transient	abnormal	myelopoiesis	(TAM),	which	may	be	best
regarded	as	a	transient	leukaemia	rather	than	as	a	preleukaemic	condition	(reviewed	in	reference	113).
The	high	frequency	of	other	haematological	abnormalities	in	neonates	with	Down	syndrome	has	only	been
recognised	fairly	recently	after	a	prospective	study	of	blood	counts	and	blood	films	in	200	unselected
neonates	with	Down	syndrome	documented	the	haematological	findings	in	detail	(see	reference	6).	This
study	showed	that	all	neonates	with	Down	syndrome	had	haematological	abnormalities	(Table	3.10).
Importantly,	these	abnormalities	were	seen	in	the	absence	of	TAM	(discussed	later).	In	particular,
neonates	with	Down	syndrome	had	higher	haemoglobin	concentrations	compared	with	other	neonates	of
the	same	gestation,	increased	circulating	erythroblasts	and	abnormal	red	cell	morphology,	including
macrocytosis,	target	cells	and	basophilic	stippling	(Fig.	3.22).	In	addition,	in	the	absence	of	TAM,
neonates	with	Down	syndrome	had	lower	median	platelet	counts	than	neonates	without	Down	syndrome
and	51%	had	thrombocytopenia	(platelets	<150	×	109/l).	Neonates	with	Down	syndrome	had	higher
numbers	of	neutrophils	and	monocytes	than	neonates	without	Down	syndrome,	while	the	total	lymphocyte
count	was	reduced,	consistent	with	previous	studies	in	older	children	with	Down	syndrome.114–116
Importantly,	circulating	blast	cells	were	seen	on	the	blood	film	in	virtually	all	neonates	with	Down
syndrome	(98%).6	In	our	experience,	blast	cells	are	usually	<10%	of	peripheral	blood	leucocytes	in	these
neonates	but	they	may	be	as	high	as	15%,	even	when	very	sensitive	methods	are	used	to	exclude	the
mutations	in	the	GATA1	gene	that	define	TAM	(reviewed	in	reference	117).	The	presence	of	blast	cells	in
the	blood	film	in	such	a	high	proportion	of	neonates	with	Down	syndrome	means	that	making	a	definitive



diagnosis	of	TAM	may	be	very	difficult	and	mutational	analysis	of	the	GATA1	gene	is	often	required	to
confirm	the	diagnosis	(see	later).

Congenital	leukaemia
Leukaemia	is	rare	in	neonates,	with	the	exception	of	neonates	with	Down	syndrome.	While	congenital
leukaemia	affects	approximately	three	nonDown	syndrome	neonates	per	million	live	births,	for	those
with	Down	syndrome	approximately	200	neonates	per	million	live	births	will	have	the	congenital
syndrome	known	as	TAM.118,119	Transient	abnormal	myelopoiesis,	also	known	as	transient
myeloproliferative	disorder	or	transient	leukaemia,	affects	around	10%	of	neonates	with	Down	syndrome
while	a	further	15–20%	have	a	clinically	silent	form	of	the	disease	(silent	TAM).	As	the	estimated
incidence	of	Down	syndrome	worldwide	is	between	1	in	500	and	1	in	1100	live	births,	TAM	is	the
commonest	leukaemia	in	neonates.	The	rarity	of	neonatal	leukaemia	suggests	that,	with	the	exception	of
neonates	with	Down	syndrome,	fetal	haemopoietic	stem	and	progenitor	cells	are	not	inherently
susceptible	to	leukaemic	transformation.	Finally,	children	with	congenital	rasopathies,	in	particular
Noonan	syndrome,	may	develop	a	neonatal	leukaemia	resembling	JMML	which,	like	TAM,	is	usually
transient	and	resolves	without	treatment.120

Table	3.10	Haematological	abnormalities	in	neonates	with	Down	syndrome

Condition Acquired
GATA1
mutation

Haematological
features

Clinical	features

Transient
abnormal
myelopoiesis

Yes
100%	of
cases

Hb	usually	normal
(anaemia	rare)
Platelet	count	may
be	increased,	in
the	normal	range
or	reduced
Leucocytosis
usual	but	WBC
range	overlaps
with	DS	neonates
without	TAM
Blasts	>10%
Megakaryocyte
fragments	usually
present	in	blood
film
BM	blasts	usually
not	increased	(BM
examination
unhelpful)

Hepatosplenomegaly	40%
Skin	rash	20%
Pleural/pericardial	effusion	±	ascites	10%
Jaundice	70–80%

Silent
transient
abnormal
myelopoiesis

Yes
100%	of
cases

Hb	increased	or
normal
Platelets	normal
or	reduced

No	increase	in	frequency	of	hepatosplenomegaly,	jaundice,
skin	rash,	pleural/pericardial	effusions	or	ascites	compared
to	neonates	with	DS	who	lack	GATA1	mutations



WBC	normal
Blasts	<10%

Trisomy	21
(no	evidence
of	TAM	or
silent	TAM)

No Compared	with
neonates	without
DS:
Hb	increased
(24%
polycythaemic,
Hct	>0.65)
Platelets	lower
(40%
thrombocytopenic)
WBC	counts
higher	due	to
increased
neutrophils,
basophils	and
monocytes
98%	have
peripheral	blood
blasts	(<15%)

No	clinical	features	are	specific	for	TAM	as	~60%	of
neonates	with	trisomy	21	have	jaundice	and	up	to	10%	have
hepatosplenomegaly,	rash,	pleural/pericardial	effusion	or
ascites	secondary	to	medical	complications	in	the	absence
of	GATA1	mutations

BM,	bone	marrow;	DS,	Down	syndrome;	Hb,	haemoglobin	concentration;	Hct,	haematocrit;	TAM,	transient	abnormal	myelopoiesis.



Fig.	3.22	Blood	film	of	a	neonate	with	Down	syndrome	showing	increased	erythroblasts,	target	cells	and
macrocytes	as	well	as	some	spherocytes	and	echinocytes.	A	pseudoPelger	neutrophil	and	giant	platelet
can	also	be	seen.	All	of	 these	abnormalities	are	 frequent	 in	neonates	with	Down	syndrome	even	 in	 the
absence	of	a	diagnosis	of	transient	abnormal	myelopoiesis	(TAM)	due	to	acquired	GATA1	mutations	(see
Fig.	3.23).	MGG,	×60.

Leukaemia	and	preleukaemia	in	neonates	with	Down	syndrome

Overview	and	definition
Transient	abnormal	myelopoiesis	is	a	clonal	disorder	almost	unique	to	Down	syndrome,	which	presents
in	fetal	life,	at	birth	or	within	the	first	few	weeks	of	life.	The	characteristic	features	are	the	presence	of
circulating	blast	cells,	most	often	resembling	megakaryoblasts,	as	well	as	dysplastic	changes	in	other
peripheral	blood	cells.6,121	TAM	is	now	known	to	be	caused	by	mutations	in	the	haemopoietic
transcription	factor	gene	GATA1,	and	is	only	seen	in	conjunction	with	trisomy	21,	including	cases	of
mosaicism	where	some	or	all	of	the	haemopoietic	cells	are	trisomic	for	chromosome	21.	Somatic
mutations	in	exon	2	or	3	of	GATA1	cause	production	of	shorter	GATA1	protein	(GATA1s)	that	is
leukaemogenic	solely	in	fetal	or	neonatal	blood	cells	that	harbour	trisomy	21	and	only	causes	TAM	in
Down	syndrome	newborns,	including	mosaic	Down	syndrome.122–125	GATA1s	protein	disrupts	fetal



blood	cell	development,	causing	blast	cell	accumulation	in	blood,	liver	and	other	tissues	and	associated
fibrosis	in	severe	cases.	Importantly,	in	a	proportion	of	neonates	with	Down	syndrome	who	have	GATA1
mutations	at	birth,	the	GATA1mutant	cells	persist	and	acquire	additional	mutations,	leading	to	a	specific
form	of	acute	myeloid	leukaemia	known	as	myeloid	leukaemia	of	Down	syndrome	(MLDS)	within	the
first	4	years	of	life.122,125	In	contrast	to	leukaemias	in	children	without	Down	syndrome,	acute
lymphoblastic	leukaemia	(ALL)	has	not	yet	been	reported	in	neonates	with	Down	syndrome.118,119

Clinical	features
The	clinical	findings	in	TAM	vary	from	lifethreatening	disease	to	an	asymptomatic	incidental	finding.
Most	cases	present	within	7	days	of	birth.	All	symptomatic	cases	have	increased	blast	cells	in	the
peripheral	blood.6	Severe	disease	manifests	with	one	or	more	of:	hepatomegaly	(40%),	splenomegaly
(30%),	vesiculopapular	skin	rash,	which	may	give	the	appearance	of	a	‘blueberry	muffin’	baby	(11%),
and	pleural	and/or	pericardial	effusion	(9%).126	Cholestatic	jaundice	is	common	(70%)	but	is	not	specific
for	TAM.	Mortality	in	severe	cases	approaches	20%,	usually	from	progressive	liver	failure	and
coagulopathy.	Asymptomatic	disease	may	be	clinically	silent	(increased	blasts	only)	or	clinically	and
haematologically	silent	(silent	TAM;	blasts	not	increased	but	GATA1	mutation	present).6	Although	the
majority	of	cases	of	TAM	present	at	or	just	after	birth,	later	presentations	of	TAM	sometimes	occur	when
the	neonate	had	no	relevant	clinical	features	at	birth	and	a	blood	count	and	blood	film	were	not	performed
at	that	time.	However,	a	small	proportion	of	cases	present	several	weeks	after	birth	with	severe
conjugated	hyperbilirubinaemia,	hepatomegaly,	liver	failure	and	coagulopathy.	In	this	situation,	there	may
be	very	few	blast	cells	in	the	peripheral	blood.	The	reasons	for	this	are	not	clear	but,	at	least	in	some
cases,	it	is	associated	with	diffuse	blast	cell	infiltration	of	the	liver	and	progressive	fibrosis.125–129
Finally,	around	4%	of	neonates	with	TAM	present	with	hydrops	fetalis,	intrauterine	death	or	death	during
labour.130,131

Haematological	features

Leucocytosis	is	common	in	neonates	with	TAM	and	may	be	extreme	(WBC	>100	×	109/l).	In	contrast	to
congenital	leukaemia	in	neonates	without	Down	syndrome,	anaemia	is	uncommon.	The	platelet	count	in
TAM	is	extremely	variable	and	may	be	normal,	reduced	or	increased.6,125,127	It	is	now	clear	that
thrombocytopenia	is	not	useful	in	the	diagnosis	of	TAM	as	there	is	no	significant	difference	in	platelet
counts	between	Down	syndrome	neonates	with	and	without	TAM.6	In	some	cases	of	TAM	not	only	is	the
platelet	count	increased	but	the	thrombocytosis	is	extreme.132	The	most	important	haematological	finding
supporting	a	diagnosis	of	TAM	is	the	presence	of	increased	blasts	(>10%)	in	the	peripheral	blood	of	a
neonate	with	Down	syndrome	(Case	3.2,	see	page	171).	It	is	important	to	point	out	that	blast	cells	usually
disappear	quickly	from	the	peripheral	blood	over	the	first	2	weeks	of	life	and	therefore	blood	films
should	be	requested	as	soon	as	possible	after	birth	since	their	detection	will	not	be	reliable	during	and
beyond	the	second	week	of	life.	Blast	morphology	varies	from	undifferentiated	myeloblasts	to	typical
small	megakaryoblasts	with	cytoplasmic	blebbing	or	large,	partially	differentiated	megakaryoblasts	(Fig.
3.23).	TAM	blasts	usually	express	CD117	and	variable	proportions	express	CD34,	CD7,	CD36	and/or
CD41/42b.133	Some	may	express	CD235a	(glycophorin	A).133,134



Fig.	3.23	Blood	films	of	neonates	with	Down	syndrome	with	TAM:	(a)	severe	TAM	with	large	numbers
of	pleomorphic	circulating	blast	cells;	(b)	megakaryoblast,	giant	platelet	and	megakaryocyte	cytoplasmic
fragment;	 (c)	 a	megakaryoblast,	 a	megakaryocyte	 and	 a	 giant	 platelet;	 (d)	 typical	megakaryoblast	with
cytoplasmic	blebbing,	two	erythroblasts	and	giant	platelets.	MGG,	(a)	×40,	(b–d)	×100.

In	contrast	to	congenital	leukaemia	in	neonates	without	Down	syndrome,	the	blast	cells	are	often	very
pleomorphic	in	TAM	(Fig.	3.23a,d).	In	addition,	megakaryocytes	and	giant	platelets	are	often	present
(Fig.	3.23a–d).	This	finding,	together	with	the	presence	of	normal	or	increased	platelet	counts,	in	many
cases,	suggests	that	the	blast	cells	are	able	to	differentiate	into	megakaryocytes	and	platelets,	at	least	to
some	extent.	There	are	also	sporadic	reports	suggesting	that	in	other	cases	of	TAM	there	is	differentiation
into	erythroblasts,134	eosinophils30,135	or	basophils136	(Fig.	3.24).

Molecular	genetics
The	current	standard	for	a	specific	diagnosis	of	TAM	is	detection	of	an	exon	2	or	3	GATA1	mutation	by
DNA	sequencing	of	peripheral	blood	leucocytes.126	More	than	95%	of	mutations	are	in	exon	2	of	the
gene.137	As	small	mutant	GATA1	clones	may	transform	to	MLDS,	sensitive	next	generation	sequencing	is



necessary	to	avoid	false	negative	results.	To	avoid	false	negatives,	GATA1	mutation	analysis	should	be
performed	in	the	first	week	after	birth	while	there	are	circulating	peripheral	blood	blast	cells.126	Even
using	next	generation	sequencing,	large	or	complex	deletions	in	exon	2	or	3	of	the	GATA1	gene	may	be
missed	or	difficult	to	assess.138	For	this	reason	GATA1	analysis	should	always	be	performed	in
conjunction	with	a	full	blood	count	and	morphological	review	of	a	peripheral	blood	film	in	order	to
determine	the	blast	cell	percentage.126	As	the	presence	of	GATA1	mutations	in	neonatal	blood	cells	in
Down	syndrome	is	specific	for	TAM,	blast	cell	immunophenotyping	and	bone	marrow	examination	are
unnecessary	in	the	neonatal	period	although	both	are	useful	for	diagnosis	of	MLDS.	 An	alternative
approach	to	identifying	neonates	with	TAM	is	to	use	a	flow	cytometric	method	to	identify	the	short
GATA1	protein	(GATA1s)	that	is	produced	by	the	leukaemic	blast	cells.139	This	is	reported	to	be	just	as
sensitive	as	next	generation	sequencing	methods	although	the	specific	mutation	is	not	identified	and	the
value	of	this	approach	has	not	yet	been	tested	in	large	series.

Fig.	3.24	Blood	film	of	a	term	neonate	with	Down	syndrome	and	TAM	showing	six	blast	cells	including
one	with	basophilic	granules	and	prominent	vacuoles.	MGG,	×100.

Natural	history	and	prognosis
Transient	abnormal	myelopoiesis	is	known	to	develop	in	fetal	life	although	the	majority	of	cases	only
present	at	or	just	after	birth.130	It	does	not	present	after	the	age	of	3	months.	More	than	90%	of	cases	of



TAM	resolve	spontaneously	within	2–3	months.	For	the	small	proportion	of	neonates	with	severe	disease
(5–20%),	progressive	multiorgan	failure	carries	a	high	risk	of	early	death	due	to	widespread	infiltration
of	the	tissues	by	GATA1mutant	blast	cells.	Risk	factors	for	early	death	in	severe	TAM	include:	preterm
delivery,	ascites,	leucocyte	count	>100	×	109/l,	hepatomegaly	and	coagulopathy.126,127,133	For	such	cases,
the	mainstay	of	treatment	is	supportive	care	and	the	judicious	use	of	cytarabine	as	recommended	in	recent
guidelines.126

Importantly,	because	20%	of	cases	of	clinical	TAM	later	develop	MLDS,	it	is	important	to	keep	cases
of	TAM	under	regular	clinical	and	haematological	review	until	the	age	of	4	years,	the	specific	time
window	these	children	are	at	risk	of	this	disease.118,121,125,127	At	present,	no	clinical,	haematological	or
molecular	features	at	birth	reliably	predict	which	cases	of	TAM	will	develop	MLDS,	so	any	change	in
the	blood	count	during	followup,	especially	the	development	of	thrombocytopenia,	should	prompt
careful	review	of	the	blood	film.

Fetal	presentation	of	transient	abnormal	myelopoiesis
Although	TAM	is	known	to	develop	during	fetal	life,	the	majority	of	cases	do	not	present	until	after	birth
and	there	have	been	relatively	few	detailed	case	reports	describing	the	findings	of	fetal	disease.	A	recent
systematic	review	identified	38	cases	of	which	just	over	half	survived	beyond	the	neonatal	period:	12
(32%)	resulted	in	stillbirth	and	4	(11%)	in	neonatal	death.130	Diagnosis	in	utero	was	usually	prompted	by
abnormal	ultrasound	findings,	particularly	hepatomegaly,	with	or	without	splenomegaly	(n	=	31;	79.5%),
hydrops	fetalis	(n	=	12;	30.8%)	and	pericardial	effusion	(n	=	9;	23.1%);	a	smaller	number	of	cases	had
cardiac	abnormalities	(n	=	5;	12.8%),	fetal	ascites	(n	=	4;	10.3%),	pleural	effusion	(n	=	3;	7.69%)	or
peripheral	oedema	(n	=	1;	2.56%).	Where	fetal	blood	sampling	was	performed,	this	showed	leucocytosis
and	large	numbers	of	circulating	blast	cells.	There	is	currently	insufficient	evidence	to	determine	the	most
effective	way	of	managing	TAM	in	utero.	The	majority	of	cases	have	been	managed	using	supportive
therapy	(for	example	red	cell	transfusion,	if	indicated	for	anaemia)	or	early	delivery	and	no	cases	have
been	treated	in	utero	with	cytarabine.	In	the	index	case	described	by	Tamblyn	and	colleagues130	the
clinical	and	haematological	features	of	TAM	were	already	largely	resolved	before	birth,	despite	the
absence	of	treatment,	suggesting	that	even	severe	fetal	TAM	should	be	very	carefully	monitored	rather
than	treated	with	chemotherapy	before	birth.

Acute	leukaemia	in	neonates	without	Down	syndrome
In	neonates	without	Down	syndrome,	acute	leukaemia	may	present	with	a	range	of	immunophenotypes,
including	acute	myeloid	leukaemia	(AML),	ALL,	mixed	phenotype	acute	leukaemia	(MPAL)	or,	rarely,
blastic	plasmacytoid	dendritic	cell	neoplasm.	The	majority	of	cases	of	neonatal	leukaemia	are	AML
rather	than	ALL	(Fig.	3.25a).	However,	there	appears	to	be	no	family	history	of	leukaemia	or	childhood
cancer	in	most	cases.

Neonatal	AML	differs	from	AML	later	in	childhood	in	several	ways.	First,	in	a	recent	review	of
published	cases,	we	found	a	striking	predominance	of	monocytic,	megakaryocytic	and	erythroid
leukaemias	in	the	neonatal	setting	compared	with	any	other	time	of	life119	(Fig.	3.25b).	Secondly,	there
have	been	many	welldocumented	examples	of	spontaneous	remission	of	neonatal	AML,	although	in
some	cases	this	is	transient	(discussed	in	more	detail	later).	Finally,	the	spectrum	of	genetic	abnormalities
associated	with	neonatal	AML	differs	from	that	in	older	children.	Of	the	110	cases	we	identified	in	our
recent	review,	just	over	half	had	one	of	three	molecular	genetic	abnormalities:	rearrangement	of	the
KMT2A	gene	(formerly	known	as	the	MLL	gene)	on	the	long	arm	of	chromosome	11;	a	translocation
between	chromosome	8	and	chromosome	16,	t(8;16)(p11.21;p13.3),	creating	a	KAT6ACREBBP 	fusion;



and	t(1;22)(p13.3;q13.1),	creating	an	RBM15MRTFA 	(previously	RBM15MKL1 )	fusion	gene	(see
Fig.	3.25).

Neonatal	ALL	also	differs	from	ALL	later	in	childhood.	First,	cases	are	nearly	all	CD10negative	B
lineage	(ProB)	leukaemias.	 Secondly,	virtually	all	cases	are	associated	with	KMT2A	gene
rearrangement	(see	Fig	3.25).	Thirdly,	there	appears	to	be	a	low	frequency	of	additional	mutations,
suggesting	that	expression	of	a	KMT2A	fusion	gene	alone	is	sufficient	to	cause	ALL	in	fetal/neonatal	cells.
The	role	of	KMT2A	in	neonatal	leukaemia	is	therefore	of	particular	interest.	It	is	only	in	this	age	group
that	a	single	molecular	abnormality	is	responsible	for	the	majority	of	leukaemias.	Furthermore,	it	is	only
in	neonates	that	KMT2A	rearrangement	causes	such	a	wide	spectrum	of	leukaemias:	ALL	in	about	60%	of
cases	and	AML	in	about	40%,	as	well	as	a	small	number	of	MPAL	or,	even	more	rarely,	blastic
plasmacytoid	dendritic	cell	neoplasm	(Table	3.11).119





Fig.	3.25	Summary	of	the	phenotypic,	immunophenotypic	and	genetic	features	of	neonatal	acute	leukaemia.
(a)	 The	 majority	 of	 leukaemias	 in	 neonates	 without	 Down	 syndrome	 are	 acute	 myeloid	 leukaemias
(AML).	Of	 these,	 the	 three	most	 common	genetic	 subtypes	 are	 cause	by	 rearrangements	 of	 the	KMT2A
(previously	MLL)	gene	(KMT2A	 rearranged)	or	 translocations	between	chromosome	8	and	16	 (t(8;16);
KAT6ACREBBP 	 fusion	 gene)	 or	 chromosomes	 1	 and	 22	 (t(1:22);	RBM15MRTFA 	 fusion	 gene).	 In
contrast,	acute	lymphoblastic	leukaemia	(ALL)	in	neonates	is	almost	always	associated	with	rearranged
KMT2A.	(b)	The	majority	of	neonatal	AML	have	monoblastic	characteristics	but	acute	megakaryoblastic
(MK)	and	erythroblastic	leukaemias	also	occur	and	are	proportionately	more	common	in	neonates	than	in
older	children	or	adults.	Almost	all	neonatal	ALL	has	Blineage	characteristics.

These	data	are	summarised	from	Roberts	et	al.	(2018)119	and	are	based	on	a	literature	review	of	144	cases	of	neonatal	acute	leukaemia.



Table	3.11	Congenital	leukaemias	excluding	those	associated	with	Down	syndrome)*

Condition Molecular	abnormality Characteristic	features
AML With	rearrangement	of	KMT2A	at	11q23.3

t(4;11)(q21;q23.3);	KMT2AAFF1 Acute	myelomonocytic	or	monoblastic
leukaemia

t(9;11)(p21.3;q23.3);	KMT2AMLLT3 Mainly	acute	monoblastic	leukaemia
t(10;11)(p12.31;q23.3);	KMT2AMLLT10 Acute	myelomonocytic,	monocytic	or

monoblastic	leukaemia
t(11;19)(q23.3;p13.11);	KMT2AELL Acute	myelomonocytic	or	monoblastic

leukaemia
t(11;19)(q23.3;q13.3);	KMT2AMLLT1 Acute	monocytic	leukaemia
t(1;11)(p36;q23);	KMT2A	rearranged Acute	monoblastic	leukaemia
t(1;11)(q21;q23);	KMT2A	rearranged AML	not	further	specified
Other
t(1;22)(p13.3;q13.1);	RBM15MRTFA
(previously	RBM15MKL1 )

Acute	megakaryoblastic	leukaemia

t(8;16)(p11.2;p13.3);	KAT6ACREBBP 	and
variants

Mainly	acute	monoblastic	leukaemia†

t(8;21)(q22;q22.1);	RUNX1RUNX1T1
Miscellaneous	including:
t(5;6)(q31;q21)‡	
RUNX1	duplication

Acute	monocytic/monoblastic	leukaemia

ALL t(4;11)(q21;q23.3);	KMT2AAFF1 	and	variants ProB	(early	precursor)	ALL
t(11;19)(q23.3;p13) ALL	(proB	or	common/preB)

MPAL t(4;11)(q21;q23.3);	KMT2AAFF1 ProB/acute	monoblastic	leukaemia
BPDCN t(2;17;8)(p23;q23;p23);	CLTCALK1 Blastic	plasmacytoid	dendritic	cell

neoplasm
*	For	a	more	exhaustive	list	and	supporting	references,	see	reference	119.

†	Spontaneous	remission	is	common.
‡	Spontaneous	remission	occurred	in	the	one	reported	case.

ALL,	acute	lymphoblastic	leukaemia;	AML,	acute	myeloid	leukaemia;	BPDCN,	blastic	plasmacytoid	dendritic	cell	neoplasm;	MPAL,	mixed
phenotype	acute	leukaemia.
Based	on	reference	119.

Clinical	features
The	most	common	clinical	signs	of	neonatal	leukaemia	are	hepatosplenomegaly	and	skin	lesions
(leukaemia	cutis),	which	are	seen	in	twothirds	of	congenital	AML	and	50%	of	congenital	ALL	cases, 140

as	well	as	in	the	even	rarer	blastic	plasmacytoid	dendritic	cell	neoplasm.141,142	Leukaemia	cutis
characteristically	manifests	as	a	generalised	red,	brown	or	purple	nodular	rash,	leading	to	the	term



‘blueberry	muffin’	baby	(see	Fig.	3.27).143	Skin	involvement	is	a	particular	feature	of	neonatal	leukaemias
compared	with	leukaemia	in	older	children	and	may	be	the	sole	sign	of	neonatal	leukaemia,	without	any
apparent	peripheral	blood	or	bone	marrow	involvement.144,145	However,	neonates	who	present	with
leukaemia	cutis	need	to	be	monitored	carefully	as	the	disease	often	evolves	to	systemic	disease	over	the
following	months.146	It	is	therefore	important	to	consider	a	diagnosis	of	leukaemia	in	any	neonate	who
presents	with	a	‘blueberry	muffin’	rash	even	if	the	blood	count	and	blood	film	are	normal.	Other	causes	of
a	‘blueberry	muffin’	rash	in	the	newborn	are	shown	in	Table	3.12.

The	majority	of	affected	neonates	have	systemic	disease	and	are	unwell	at	presentation.148	As	well	as
hepatomegaly	and/or	splenomegaly,	many	will	present	with	or	develop	jaundice,	progressive	pallor,
pleural	effusions	and/or	ascites	and	some	have	lymphadenopathy.	In	the	most	severe	cases,	this	is
followed	by	hepatic	failure	which	can	lead	to	rapid	death	even	if	the	leukaemia	regresses.149	Although
CNS	disease	has	been	reported	to	occur	in	around	50%	of	cases	of	neonatal	leukaemia	overall,	a	recent
series	of	12	neonates	with	AML	found	only	two	cases	with	CNS	disease.148	The	signs	of	CNS
involvement	include	a	bulging	fontanelle,	reduced	level	of	consciousness,	papilloedema	and	retinal
haemorrhages.	As	the	leucocyte	count	is	often	very	high	(see	Fig.	3.25),	affected	neonates	may	develop
signs	of	leucostasis,	including	increasing	respiratory	distress,	cardiac	failure,	renal	failure	and	severe
acidosis.150–153

Table	3.12	Causes	of	a	‘blueberry	muffin’	rash	in	a	neonate

Malignant	and	premalignant	disorders
Leukaemia	cutis
Transient	abnormal	myelopoiesis
Haemophagocytic	lymphohistiocytosis
Langerhans	cell	histiocytosis
Metastatic	neuroblastoma
Disseminated	juvenile	xanthogranuloma147

Congenital	infections
Syphilis
Toxoplasmosis
Rubella
Cytomegalovirus
Coxsackievirus
Severe	fetal	anaemia
Haemolytic	disease	of	the	fetus	and	newborn
Hereditary	spherocytosis
εγδβ	thalassaemia
Twintotwin	transfusion
Fetomaternal	haemorrhage

Haematological	features



The	haematological	features	of	neonatal	leukaemia	include	hyperleucocytosis	due	to	large	numbers	of
circulating	blast	cells	(Fig.	3.26),	with	leucocyte	counts	as	high	as	830	×	109/l	being	reported,150	as	well
as	anaemia	and	thrombocytopenia,	which	often	worsen	very	quickly	over	the	first	few	days	or	hours	of
life.	Some	neonates	develop	coagulation	abnormalities	secondary	to	hepatic	infiltration	or	disseminated
intravascular	coagulation	(DIC).148	In	the	majority	of	cases	of	AML,	immunophenotyping	of	peripheral
blood	or	bone	marrow	blasts	or	immunohistochemistry	of	biopsied	skin	nodules	shows
monocytic/monoblastic	or	megakaryoblastic	features	(Fig.	3.27).	Occasional	cases	of	acute	basophilic
leukaemia154	and	erythroleukaemia	are	also	reported	in	neonates.149,153,155–158	Neonatal	ALL	(Fig.	3.28)	is
nearly	always	of	Blineage,	usually	with	a	proB	immunophenotype	(CD19 +,	CD45low,	CD22low,
CD79a+,	CD10−,	CD20−)	and	often	with	coexpression	of	CD33	or	CD15. 159–161	However,	rare	cases	of
Tlineage	ALL	have	been	reported. 162	Importantly,	a	number	of	cases	have	been	reported	where	neonates
present	with	Blineage	ALL	but	at	relapse,	often	soon	afterwards,	are	found	to	have	‘switched’	lineage,
relapsing	as	AML,	almost	always	with	a	monoblastic	immunophenotype.163

The	dramatic	clinical	presentation	and	haematological	features,	particularly	the	presence	of	very	large
numbers	of	circulating	blast	cells,	usually	makes	the	distinction	of	neonatal	leukaemia	from	other
conditions	straightforward,	although	expert	immunophenotyping	and	genetic	analysis	may	be	required	to
establish	the	precise	diagnosis,	especially	in	MPAL	cases.

Fig.	3.26	Blood	film	of	a	newborn	with	congenital	AML	showing	large	numbers	of	myeloblasts	and	two
normoblasts.	Note	the	absence	of	neutrophils,	lymphocytes	and	monocytes.	MGG,	×100.





Fig.	3.27	 ‘Blueberry	muffin’	 rash	due	 to	 leukaemia	 cutis	 in	 a	neonate	with	 congenital	AML	associated
with	KMT2A	rearrangement.

From	Roberts	et	al.	(2018)119.

Fig.	3.28	Blood	film	of	a	neonate	with	congenital	ALL	showing	hyperleukocytosis,	a	single	neutrophil	and
pleomorphic	 blast	 cells.	 Some	 blast	 cells	 are	 large	 and	 have	 a	 diffuse	 chromatin	 pattern.	 Others	 are
smaller	with	 some	 chromatin	 condensation,	 a	 feature	 that	 is	 far	more	 likely	 to	 be	 seen	 in	ALL	 than	 in
AML.	 Note	 also	 the	 cytoplasmic	 blebs,	 which	 could	 lead	 to	 confusion	 with	 acute	 megakaryoblastic
leukaemia.	The	blast	cells	expressed	CD19,	CD34,	HLADR	and	CD33	and	were	negative	for	CD10,
CD15	and	CD38.	A	KMT2AMLLT10 	fusion	was	detected.	MGG,	×100

(with	thanks	to	Dr	Georgina	Hall	for	sharing	this	film).

Blast	cells	are	commonly	seen	in	preterm	neonates,	particularly	those	that	are	less	than	26	weeks’
gestation	at	birth	(see	Fig.	3.2)	and	especially	those	with	infections	or	NEC,	but	they	rarely	exceed	8%	of
the	total	circulating	white	blood	cells.119	Circulating	blast	cells	are	seen	in	almost	all	neonates	with
Down	syndrome	but	rarely	exceed	15%.	By	contrast,	in	TAM	(see	earlier)	the	frequency	of	circulating
blasts	in	neonates	with	Down	syndrome	may	exceed	80%	and	hyperleucocytosis	(white	cell	count	>100	×
109/l)	is	seen	in	a	small	proportion	of	cases	(reviewed	in	reference	113).	It	is	important	to	note	that	TAM
can	occur	in	neonates	with	mosaic	Down	syndrome	who	have	none	of	the	characteristic	clinical	features



of	the	syndrome.

Molecular	genetics
The	most	common	molecular	genetic	abnormality	in	neonatal	leukaemia	is	rearrangement	of	the	KMT2A
gene	and	the	associated	formation	of	an	abnormal	fusion	gene	(see	Fig.	3.25).	The	vast	majority	of	cases
of	neonatal	ALL	involve	KMT2A	fusion	genes.	Up	to	120	KMT2A	partner	genes	have	been	described	in
acute	leukaemia.164	In	neonatal	leukaemias	the	most	common	is	the	formation	and	expression	of	a
KMT2AAFF1 	fusion	gene	as	a	result	of	a	t(4;11)(q21.3;q23.3)	chromosomal	translocation.	Typically,
KMT2AAFF1 	causes	early	precursor	or	proB	ALL	in	neonates	and	infants	and	AML	in	adults,
although	AML	and	MPAL	have	both	been	reported	in	neonates.140,159	Lineage	switch	from	a	Blineage
ALL	at	presentation	to	AML	at	relapse	is	particularly	associated	with	neonatal	leukaemia	due	to	the
KMT2AAFF1 	fusion	gene	and	is	well	recognised,	though	uncommon.163

The	natural	history	of	lineage	switching	is	consistent	with	a	leukaemiainitiating	mutation	in	a	fetal	stem
or	progenitor	cell	with	lymphoid	and	myeloid	lineage	potential,	although	it	is	also	possible	that	KMT2A
AFF1	fusion	gene	is	able	to	reactivate	myeloid	genes	in	fetal/neonatal	progenitors	that	are	already
committed	to	the	Blineage. 165	Indeed,	recent	data	from	singlecell	ribonucleic	acid	(RNA)	sequencing
studies	in	KMT2Arearranged	infant	ALL	suggest	that	‘lineage	plasticity’	is	a	specific	property	of
fetal/neonatal	haemopoietic	cells.166	It	is	now	clear	that	all	cases	of	acute	leukaemia	occurring	within	the
neonatal	period	arise	in	utero	and	therefore	in	fetal	cells.	This	is	shown	by	the	presence	of	the	causative
fusion	genes,	such	as	KMT2AAFF1 ,	in	neonatal	blood	spots167–169	and	through	twin	studies	which
describe	genetically	identical	leukaemias	in	monozygotic	twins	who	present	in	the	first	month	of	life,
indicating	that	leukaemiainitiating	cells	must	have	been	transmitted	from	one	twin	to	the	other	by
intrauterine	placental	sharing.160,170–172

In	neonatal	AML,	around	half	of	the	cases	are	caused	by	three	specific	fusion	genes:	KMT2AAFF1 ,
KAT6ACREBBP 	and	RBM1MRTFA 	(previously	RBM15MKL1 ).	While	KMT2AAFF1 	and
KAT6ACREBBP 	both	cause	predominantly	monocytic/monoblastic	leukaemias,	the	RBM15MRTFA
fusion	gene	resulting	from	a	t(1;22)(p13.3;q13.1)	translocation	is	always	megakaryoblastic.	These
leukaemias	are	often	accompanied	by	fibrosis	in	the	bone	marrow	and/or	liver.173–176	The	KAT6A
CREBBP	fusion	gene	results	from	a	translocation	between	chromosomes	8	and	16,	t(8;16)(p11.21;p13.3),
and	is	of	particular	importance	because	of	the	relatively	high	frequency	of	cases	that	undergo	spontaneous
remission.177–184	Many	of	these	cases	subsequently	relapse,	but	there	are	several	welldocumented	cases
who	have	remained	in	longterm	remission. 177,179,181,182	It	is	therefore	very	important	that	otherwise	well
neonates	with	AML	due	to	the	KAT6ACREBBP 	fusion	gene	seen	following	t(8;16)	translocation	are
carefully	monitored	before	embarking	on	chemotherapy.	Occasional	spontaneous	remissions	have	also
been	reported	in	neonates	with	KMT2Aassociated	neonatal	AML,185,186	but	not	in	those	with	KMT2A
associated	ALL.	Overall,	about	40%	of	cases	of	neonatal	AML	that	appear	to	undergo	spontaneous
remission	ultimately	relapse	(reviewed	in	reference	119).	The	mechanism	of	spontaneous	remission	of
neonatal	leukaemia	is	not	clear.	It	seems	likely	that	differences	between	the	fetal	and	postnatal
microenvironment,	with	the	latter	lacking	key	factors	needed	for	the	maintenance	of	the	clone	of
leukaemic	cells,	play	a	role	together	with	intrinsic	properties	of	the	transformed	fetal	leukaemic	stem	or
progenitor	cells.

Treatment
In	neonates	with	symptomatic	disease,	expert	supportive	care	and	chemotherapy	are	essential	as	the



mortality	of	neonatal	leukaemia	remains	very	high	(up	to	60%	for	AML	and	80%	for	ALL).148

Supportive	care
Careful	management	of	hyperleucocytosis,	including	exchange	transfusion,	may	be	needed	to	reduce	the
risk	of	CNS	haemorrhage	and	leucostasis	in	lungs	and	other	organs.149,187–189	It	is	essential	to	monitor
fluid	balance	and	renal	and	liver	function	closely,	especially	in	preterm	neonates,	who	are	more	at	risk	of
severe	complications.149,188–190	Coagulation	problems	are	common	and	blood	product	support	is	often
required.140,170,174,189,190	Tumour	lysis	is	common	because	of	the	leucocytosis	and	uric	acid	depletion	with
rasburicase	should	be	used,191	provided	that	glucose6phosphate	dehydrogenase	(G6PD)	deficiency
has	been	excluded,	because	rasburicase	has	been	reported	to	trigger	fatal	haemolysis	in	G6PD
deficiency;192	allopurinol	can	be	used	where	rasburicase	is	contraindicated.140

Chemotherapy	and	haemopoietic	stem	cell	transplantation

Neonates	have	been	eligible	for	several	large	collaborative	treatment	studies	in	infant	ALL193,194	and
AML,195,196	although	reduced	doses	compared	with	those	used	in	older	children	are	often	employed
because	of	treatmentrelated	toxicity	in	neonates. 188,195	These	studies	show	that	a	small	proportion	of
children	with	neonatal	leukaemia	can	be	cured	by	chemotherapy.188,197,198	For	neonates	with	AML,
combination	chemotherapy	is	supplemented	with	CNSdirected	therapy 119	and	data	from	the	largest	study
indicated	comparable	survival	for	infants	aged	0–3	months	compared	with	infants	aged	more	than	3
months	at	diagnosis	(51%	5year	overall	survival). 198	For	neonatal	ALL,	most	cases	published	since
2000	have	been	treated	with	the	combination	chemotherapy	regimens	used	for	infant	ALL.119
Haemopoietic	stem	cell	transplantation	has	been	shown	to	cure	a	small	number	of	children	with	relapsed
neonatal	leukaemia148,159	but	the	number	of	cases	is	too	low	to	properly	define	the	role	of	transplantation
in	first	or	second	remission.

Despite	the	possibility	of	spontaneous	remission	in	some	cases	of	neonatal	AML,	other	neonates	with	the
same	molecular	genetic	abnormalities	have	an	aggressive	disease	course199	and	therefore	there	is
currently	no	clear	guidance	as	to	which	children	can	avoid	chemotherapy.140	In	addition,	one	series	of
t(8;16)associated	neonatal	AML	highlighted	the	high	 rate	of	relapse	in	neonates	who	were	not	treated
initially	because	of	apparent	regression	of	their	leukaemia;	four	of	these	seven	neonates	subsequently
required	chemotherapy.183

Juvenile	myelomonocytic	leukaemia	and	Noonan	syndrome
myeloproliferative	disorder
Neonates	with	Noonan	syndrome	are	at	risk	of	developing	either	JMML	or	a	related	transient
myeloproliferative	disorder.	JMML	is	a	rare	childhood	leukaemia	that	usually	presents	in	the	first	5	years
of	life	and	is	more	common	in	boys.200	It	is	caused	by	somatic	or	germline	mutations	in	RASpathway
genes,	most	commonly	in	PTPN11,	KRAS,	NRAS,	CBL	or	NF1.201,202	Although	JMML	typically	presents	in
infancy	or	childhood,	in	Noonan	syndrome	it	may	manifest	in	the	neonatal	period	when	it	carries	a
particularly	bad	prognosis.203	Neonates	with	Noonan	syndrome	due	to	germline	mutations	in	PTPN11,	or
occasionally	CBL,	KRAS	or	NRAS,	can	develop	either	JMML	or	a	JMMLlike	myeloproliferative
disorder	often	referred	to	as	Noonan	syndromeassociated	myeloproliferative	disorder	(NS/MPD)	in	the
first	few	days	or	weeks	of	life.38,39,204	Differentiating	NS/MPD	from	JMML	is	important	as	the	prognosis
is	very	different;	this	may	be	difficult	as	both	have	the	same	underlying	genetic	cause	(Case	3.3,	see	page



174).	A	diagnosis	of	JMML	is	made	in	all	cases	that	meet	the	internationally	defined	consensus	criteria,
which	include	a	monocyte	count	more	than	1	×	109/l,	splenomegaly,	less	than	20%	blasts	in	the	blood	or
bone	marrow	and	a	somatic	mutation	in	either	the	PTPN11,	KRAS	or	NRAS	genes.205

The	clinical	features	of	NS/MPD	include	splenomegaly,	hepatomegaly,	rash,	fever	and,	occasionally,
hydrops	fetalis.	The	haematological	features	include	anaemia,	thrombocytopenia	and	leucocytosis	with
increased	numbers	of	monocytes,	many	with	dysplastic	features,	and	increased	circulating	blast	cells	(Fig.
3.29).	The	percentage	of	blasts	is	usually	<20%,	helping	to	distinguish	NS/MPD	from	other	forms	of
neonatal	leukaemia,	including	many	cases	of	TAM,	and	other	causes	of	monocytosis	(see	Table	3.5),
particularly	sepsis.	Where	a	diagnosis	of	Noonan	syndrome	is	strongly	suspected	in	a	neonate,	it	is
important	that	a	blood	count	and	blood	film	are	performed	and	evaluated	by	an	experienced
haematologist.	In	any	neonate	where	the	blood	film	is	suggestive	of	JMML,	it	is	important	to	perform
molecular	analysis	to	identify	the	precise	mutation	and	determine	whether	or	not	this	is	germline	by
analysing	both	peripheral	blood	and	germline	DNA	(for	example	from	a	skin	biopsy).	Although	the
majority	of	cases	of	NS/MPD	are	not	unwell	and	the	condition	undergoes	spontaneous	remission	within	a
few	weeks	or	months	of	birth,	some	germline	PTPN11	mutations	and	CBL	mutations	are	associated	with
more	rapidly	progressive	disease	in	the	neonate.39,203

Fig.	 3.29	 Blood	 film	 of	 a	 neonate	 with	 Noonan	 syndromeassociated	 myeloproliferative	 disorder,
showing	large	numbers	of	abnormal	monocytes	and	occasional	blast	cells.	MGG,	×20.



The	mainstay	of	treatment	for	NS/MPD	is	good	supportive	care	since	the	majority	of	cases	resolve
spontaneously	and	chemotherapy	is	rarely	necessary.206	The	majority	of	neonates	with	NS/MPD	will
survive,	in	contrast	to	infants	who	are	diagnosed	with	JMML	after	the	neonatal	period,	where	survival	is
50–60%	as	the	disease	is	refractory	to	chemotherapy,	and	the	only	curative	treatment	is	haemopoietic
stem	cell	transplantation,	which	is	associated	with	a	high	rate	of	relapse.200	It	is	therefore	important	to
offer	genetic	counselling	and	molecular	testing	to	families	of	patients	with	germline	mutations.	However,
in	contrast	to	TAM,	neonates	with	NS/MPD	in	whom	the	neonatal	MPD	resolves	do	not	have	an	increased
risk	of	subsequent	leukaemia.38,203

Illustrative	cases
(For	abbreviations	used	in	the	text	of	the	illustrative	cases,	see	page	176.)

Case	3.1	Pelger–Huët	anomaly	and	infection

Case	history
A	term	neonate	was	admitted	to	the	neonatal	unit	with	marked	hypotonia	and	suspicion	of	a
neuromuscular	disorder.	There	were	no	other	abnormalities	on	clinical	examination.	He	was	the	first
child	of	unrelated	Caucasian	parents	and	there	was	no	family	history	of	note.	Routine	investigations
on	admission	included	an	FBC,	which	was	normal:	Hb	148	g/l,	MCV	104	fl,	MCH	34.5	pg,	WBC
13.2	×	109/l,	neutrophils	no	automated	count,	lymphocytes	5.0	×	109/l,	monocytes	0.6	×	109/l,
eosinophils	0.4	×	109/l	and	platelets	250	×	109/l.	The	blood	film	(Case	3.1,	Fig.	1)	showed	very
marked	left	shift	with	almost	all	neutrophil	lineage	cells	resembling	metamyelocytes	or	immature
band	cells.	A	diagnosis	of	group	B	streptococcal	infection	was	suspected.	However,	blood	cultures
were	negative	and	CRP	levels	were	not	increased.

Progress
While	investigations	for	a	possible	neuromuscular	disorder	continued,	the	baby	remained	generally
well	until	day	8	of	life	when	he	became	irritable	and	developed	a	fever.	A	repeat	infection	screen
showed	an	elevated	CRP	and	Escherichia	coli	was	isolated	from	blood	cultures.	A	blood	film	on
day	8	showed	even	more	marked	left	shift	with	most	of	the	neutrophil	series	exhibiting	rounded
nuclei	with	toxic	granulation	and	some	vacuolated	forms	(Case	3.1,	Fig.	2).	Chromosomal	analysis
revealed	that	the	baby	had	a	deletion	of	a	segment	of	the	long	arm	of	chromosome	1,	del(1)(q41
43),	the	locus	containing	the	lamin	B	receptor	gene	(LBR),	deletion	or	mutation	of	which	causes	the
Pelger–Huët	anomaly,	thereby	explaining	the	leucocyte	abnormalities	observed	in	this	baby.58



Case	3.1,	Fig.	1	Blood	film	on	first	day	of	life.	MGG,	×100	objective.



Case	3.1,	Fig.	2	Blood	film	on	day	8	of	life.	MGG,	×100.

Diagnostic	notes
The	main	differential	diagnosis	of	the	Pelger–Huët	anomaly	in	neonates	is	acute	bacterial
infection;	however,	in	acute	bacterial	infection	the	band	forms	seen	in	the	very	early	stages	of
infection	mature	into	segmented	neutrophils	within	1–2	days.	Neonates	with	Down	syndrome
(as	well	as	adults	with	myelodysplastic	syndromes)	sometimes	have	cells	resembling	those
seen	in	Pelger–Huët	anomaly	(pseudoPelger–Huët	cells). 6

Examination	of	parental	blood	films	may	be	useful	to	confirm	the	diagnosis.

Despite	the	abnormal	morphology,	these	neutrophils	appear	to	be	functionally	normal	and
individuals	with	Pelger–Huët	anomaly	are	not	more	prone	to	infection.59

Case	3.2	Transient	abnormal	myelopoiesis	in	a	neonate	with	Down
syndrome



Case	history
A	baby	born	at	36	weeks’	gestation	to	unrelated	parents	was	noted	at	birth	to	have	clinical	features
suggestive	of	a	diagnosis	of	Down	syndrome	due	to	constitutional	trisomy	21.	The	pregnancy	had
been	uneventful	and	there	was	no	family	history	of	note.	She	appeared	to	be	well	but	had	a
prominent	‘blueberry	muffin’,	vesicopapular	skin	rash.	However,	she	developed	rapidly	worsening
jaundice	from	day	2	of	life	and	on	examination	had	hepatomegaly	(3	cm	below	the	right	costal
margin)	and	splenomegaly	(2	cm	below	the	left	costal	margin)	as	well	as	a	heart	murmur.	An
echocardiogram	revealed	an	atrial	septal	defect	and	she	had	a	small	pericardial	effusion.	A	blood
count	sent	on	day	1	of	life	was	reported	to	be	normal	and	a	blood	film	had	not	been	requested.

Investigations

FBC:	Hb	162	g/l,	MCV	124	fl,	MCH	40	pg,	WBC	27.2	×	109/l,	neutrophils	10.1	×	109/l,
lymphocytes	15.0	×	109/l,	monocytes	1.2	×	109/l,	eosinophils	0.4	×	109/l,	basophils	0.2	×	109/l,
NRBC	1.2	×	109/l	and	platelets	450	×	109/l.	Liver	function	tests	showed	hyperbilirubinaemia	(425
μmol/l),	which	was	mainly	unconjugated	and	increased	progressively	from	day	2	despite	intensive
phototherapy.	Liver	enzymes	were	normal	as	was	a	coagulation	screen.	Review	of	the	blood	film	on
day	2	of	life	showed	increased	blast	cells	(45%	of	white	blood	cells)	as	well	as	large	numbers	of
giant	platelets	and	megakaryocyte	fragments	with	occasional	circulating	megakaryocytes	(Case	3.2,
Fig.	1).	FISH	analysis	of	peripheral	blood	leucocytes	confirmed	the	presence	of	trisomy	21	and	this,
together	with	the	blood	film,	allowed	a	presumptive	diagnosis	of	transient	abnormal	myelopoiesis.
This	was	confirmed	by	genomic	analysis	of	the	GATA1	gene	which	showed	a	pathogenic	mutation	in
exon	2.

Progress
During	the	second	week	of	life,	with	progressively	deepening	jaundice,	the	baby	developed	signs	of
hepatic	failure	and	disseminated	intravascular	coagulation.	The	leucocyte	count	rose	to	80	×	109/l
and	the	platelet	count	fell	to	40	×	109/l	as	the	coagulopathy	worsened.	These	are	considered	features
of	lifethreatening	disease	as	outlined	in	the	UK	guidelines	for	management	of	TAM	and	a	5day
course	of	cytarabine	(0.5	mg/kg	once	daily)	was	given.126	This	produced	a	rapid	reduction	in
circulating	blast	cells	within	a	week	of	commencing	treatment	but	was	also	associated	with	marked
neutropenia	(nadir	0.3	×	109/l)	and	thrombocytopenia	(20	×	109/l),	which	prompted	platelet
transfusion.	She	remained	cytopenic	for	2	weeks	after	the	cytarabine	was	discontinued	but	her
overall	condition	gradually	improved	and	her	liver	function	and	coagulation	returned	to	normal.
GATA1	mutation	analysis	was	repeated	at	6	weeks	of	age	when	the	FBC	had	returned	to	normal	and
there	were	no	blasts	seen	in	her	peripheral	blood	film.	The	same	GATA1	mutation	was	still	present
although	at	very	low	levels	and	a	decision	was	made	not	to	give	any	further	treatment	since	she	was
clinically	very	well	and	the	blood	count	and	film	were	normal.



Case	3.2,	Fig.	1	Blood	film	on	day	2	of	life.	MGG,	×40.

At	3	months	of	age	she	remained	well,	her	FBC	was	normal	apart	from	macrocytosis,	no	blasts	were
seen	in	her	peripheral	blood	film	and	no	GATA1	mutations	were	detectable.	Followup	at	3	monthly
intervals	for	the	first	2	years	of	life	was	arranged.	She	remained	well	but	at	12	months	of	age	her
platelet	count	was	noted	to	have	fallen	to	120	×	109/l.	An	occasional	blast	cell	was	noted	in	her
peripheral	blood	film	but,	as	she	was	well,	a	repeat	FBC	in	4	weeks’	time	when	she	was	13	months
old	was	arranged.	This	showed	a	Hb	of	90	g/l,	WBC	5	×	109/l,	neutrophils	1.3	×	109/l,	lymphocytes
2.1	×	109/l,	monocytes	1.0	×	109/l,	eosinophils	0.4	×	109/l	and	platelets	36	×	109/l.	Review	of	her
blood	film	showed	2%	blast	cells.	Her	mother	commented	that	she	was	bruising	very	easily	but	that
she	was	otherwise	well.	Repeat	FBC	in	a	further	week	confirmed	these	results	and	a	bone	marrow



aspiration	was	performed;	the	marrow	was	very	difficult	to	aspirate	but	showed	clusters	of	blast
cells.	A	trephine	biopsy	at	the	same	time	showed	moderate	bone	marrow	fibrosis	and	increased
blast	cells	consistent	with	a	diagnosis	of	myeloid	leukaemia	of	Down	syndrome.	This	diagnosis	was
supported	by	the	presence	of	the	same	GATA1	mutation	as	had	been	found	in	the	neonatal	samples.
She	responded	very	well	to	combination	chemotherapy	and	remains	in	complete	remission	4	years
later.

Diagnostic	notes
Although	GATA1	mutation	analysis	may	be	useful	in	neonates	with	TAM	it	is	not	always
essential.	For	neonates	with	Down	syndrome	and	circulating	blast	cells	of	>20%	during	the
first	week	of	life	together	with	megakaryocyte	fragments	on	the	blood	film,	these	features	are
sufficient	to	make	the	diagnosis.	However,	where	the	percentage	of	blasts	is	<20%,	particularly
when	assessed	after	the	first	week	of	life,	GATA1	mutation	analysis	is	nearly	always	necessary
to	establish	the	diagnosis.126

It	is	important	to	note	that	some	neonates	with	TAM	present	at	2–6	weeks	of	age	with
prolonged	and	progressive	unconjugated	hyperbilirubinaemia	due	to	blast	cell	infiltration	of	the
liver.126	For	such	cases	GATA1	mutation	analysis	is	essential	to	distinguish	TAM	from	other
causes	of	liver	disease	in	neonates	with	Down	syndrome.	It	is	important	to	use	a	sensitive
method	of	mutation	detection,	such	as	next	generation	sequencing,	since	even	small	mutant
clones	may	cause	features	of	TAM	and	may	later	transform	to	MLDS.

Bone	marrow	examination	is	rarely	helpful	in	TAM	as	the	disease	mainly	manifests	in	the
peripheral	blood	and	the	bone	marrow	findings	are	usually	less	dramatic	than	those	seen	in	the
blood.	However,	bone	marrow	examination	is	essential	for	the	diagnosis	of	MLDS.

Immunophenotyping	is	often	done	routinely	when	blast	cells	are	seen	in	the	peripheral	blood	in
neonates	with	TAM	but	does	not	usually	provide	useful	additional	information	since	blast	cells
in	TAM	are	heterogeneous	and	often	display	similar	immunophenotypes	to	those	in	neonates
with	Down	syndrome	who	do	not	have	TAM.

Myeloid	leukaemia	of	Down	syndrome	typically	presents	at	12–15	months	of	age	and	is	usually
heralded	by	a	falling	platelet	count.	The	same	GATA1	mutation	that	was	present	in	TAM	is
found	in	MLDS;	mutations	in	other	genes,	particularly	cohesin	genes,	are	required	in	addition
to	GATA1	for	MLDS	to	develop. 207,208

Serial	monitoring	of	GATA1	mutations	once	TAM	has	resolved	clinically	and	haematologically
is	not	always	sensitive	to	detect	MLDS	at	an	early	stage. 209

Macrocytosis	is	seen	in	almost	all	neonates	and	young	children	with	Down	syndrome	and
appears	to	be	directly	related	to	trisomy	21	as	other	causes	of	macrocytosis	are	not	found	in	the
vast	majority	of	cases.113

Case	3.3	Noonan	syndrome	myeloproliferative	disorder

Case	history
A	male	neonate	born	at	37	weeks’	gestation	after	an	uneventful	pregnancy	was	reviewed	by	the



neonatal	medicine	team	on	the	day	after	birth	because	of	a	low	grade	fever	(37.7°C)	and	reluctance
to	feed.	On	examination,	he	looked	generally	well	but	was	noted	to	have	moderate
hepatosplenomegaly,	a	heart	murmur	and	occasional	scattered	petechiae	on	his	abdomen.	His
birthweight	was	normal	(3.1	kg)	and	he	had	no	dysmorphic	features.	He	was	the	second	child	of
unrelated	Caucasian	parents	and	there	was	no	family	history	of	note.	His	older	sister	was	well	and
neither	she	nor	either	parent	had	a	history	of	neonatal	problems.	An	FBC	revealed	moderate
leucocytosis	and	thrombocytopenia	and	borderline	anaemia.	A	provisional	diagnosis	of	congenital
infection	was	made	and	further	investigations	were	arranged.

Investigations

FBC:	Hb	135	g/l,	MCV	103	fl,	MCH	35	pg,	WBC	42.1	×	109/l,	neutrophils	16.8	×	109/l,
lymphocytes	11.0	×	109/l,	monocytes	5.7	×	109/l,	eosinophils	0.35	×	109/l,	platelets	51	×	109/l.	His
blood	film	confirmed	the	neutrophilia,	monocytosis	and	thrombocytopenia.	Platelet	size	appeared
normal	in	the	blood	film	with	some	larger	platelets.	Many	of	the	monocytes	were	noted	to	look
abnormal	and	occasional	blasts	were	seen	(Case	3.3,	Fig.	1).	Blood	cultures	showed	no	evidence	of
bacterial	infection.	In	view	of	the	marked	monocytosis,	an	extended	congenital	infection	screen	was
performed	to	include	congenital	syphilis,	as	well	as	CMV,	rubella,	toxoplasmosis,	chickenpox	and
herpes	simplex	(SCORTCH	screen),210	but	this	was	negative.	Cardiac	ultrasound	showed	an	atrial
septal	defect.	The	provisional	diagnosis	was	revised	to	Noonan	syndrome	myeloproliferative
disorder	or	Noonan	syndrome	JMML.



Case	3.3,	Fig.	1	Blood	film	at	presentation.	MGG,	×100.

Progress
Serial	FBCs	showed	persistence	of	the	leucocytosis,	monocytosis	and	thrombocytopenia	over	the
first	5	weeks	of	life	but	the	fever	settled	during	the	third	week	of	life,	the	petechiae	resolved	and	the
baby	remained	generally	well.

Age	(days) 1 8 15 22 35 42
Hb	(g/l) 135 132 125 120 116 112
WBC	(×109/l) 42.1 37.1 36.2 37.4 23.4 12.2
Platelets	(×109/l) 51 40 56 66 70 162
Monocytes	(×109/l) 5.7 5.3 4.9 4.7 2.8 1.4
Blasts	(%) 7 6 7 5 2 0

Further	investigations
A	peripheral	blood	sample	was	sent	for	next	generation	sequencing	using	a	targeted	gene	panel
containing	genes	known	to	cause	JMML.	This	revealed	a	heterozygous	p.Asp61Asn	mutation	in	the
PTPN11	gene.	Analysis	of	DNA	extracted	from	a	skin	biopsy	showed	the	same	mutation,	confirming
the	diagnosis	of	Noonan	syndrome	due	to	a	germline	mutation.	As	the	baby	was	well,	no	treatment



was	given	and	towards	the	end	of	the	first	month	of	life	the	leucocytosis,	monocytosis	and
hepatosplenomegaly	began	to	resolve.	By	the	age	of	6	weeks	the	blood	count	was	normal	and	blast
cells	could	no	longer	be	seen	in	the	blood	film,	supporting	a	diagnosis	of	NS/MPD	rather	than
JMML.	The	hepatosplenomegaly	resolved	by	the	age	of	8	weeks	and	the	baby	had	no	further
haematological	problems.

Diagnostic	notes
Noonan	syndrome	MPD	occurs	in	around	2.5%	of	infants	with	Noonan	syndrome	and	presents
usually	at	birth	or	during	the	first	few	months	of	life.203

Neonates	with	Noonan	syndrome	may	also	develop	true	JMML,	which	occurs	in	3%	of	all
neonates	with	Noonan	syndrome.203	The	diagnostic	criteria	for	true	JMML	presenting	in
neonates	are	the	same	as	in	older	infants.205

Virtually	all	cases	of	NS/MPD	resolve	spontaneously	within	a	few	months	and	lifethreatening
disease	is	extremely	unusual.

In	contrast,	neonates	with	Noonan	syndrome	who	develop	true	JMML	have	much	more	severe
disease	with	a	mortality	of	50%	in	the	first	month	of	life.203	As	differentiating	the	transient
myeloproliferative	disorder	from	true	JMML	is	largely	based	on	the	severity	of	the	clinical
features	and	the	natural	history,	well	neonates	with	a	JMMLlike	haematological	picture
should	initially	be	monitored	to	see	whether	or	not	the	condition	will	resolve.

Abbreviations	used	in	the	illustrative	cases
CMV cytomegalovirus
CRP Creactive	protein
FBC full	blood	count
FISH fluorescence	in	situ	hybridisation
Hb haemoglobin	concentration
JMML juvenile	myelomonocytic	leukaemia
MCH mean	cell	haemoglobin
MCV mean	cell	volume
MGG May–Grünwald–Giemsa
MLDS myeloid	leukaemia	of	Down	syndrome
NRBC nucleated	red	blood	cell
NS/MPD Noonan	syndromeassociated	myeloproliferative	disorder
TAM transient	abnormal	myelopoiesis
UK United	Kingdom
WBC white	blood	cell	count
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4
Disorders	of	platelets	and	coagulation,	thrombosis	and	blood
transfusion

Thrombocytopenia	overview
Thrombocytopenia	is	the	commonest	haematological	abnormality	in	neonates,	particularly	among	sick
and/or	very	low	birthweight	neonates	(reviewed	in	references	1–3).	Overall,	up	to	5%	of	neonates	will
have	platelet	counts	of	<150	×	109/l	in	the	first	week	of	life,	the	incidence	varying	depending	on	the
population	studied.1–3	Many	of	these	studies	have	analysed	cord	blood	platelet	counts,	which	may	have
overestimated	the	true	incidence	of	thrombocytopenia.	 The	study	by	de	Moerloose	et	al.4	was	also
performed	on	cord	blood	samples	and	included	samples	from	more	than	8000	consecutive	deliveries	but,
as	all	cases	of	thrombocytopenia	were	subsequently	confirmed	by	heelprick	samples,	their	calculated
incidence	of	neonatal	thrombocytopenia	of	0.9%	probably	provides	the	most	accurate	estimate.	When
neonates	develop	thrombocytopenia	it	is	usually	mild.	Severe	thrombocytopenia	(platelet	count	<50	×
109/l)	is	reported	to	occur	in	0.1–0.5%	of	neonates,	with	the	variation	reflecting	differences	in	the
proportion	of	very	low	birthweight	neonates	included	in	the	study.5–7	For	example,	the	incidence	of
thrombocytopenia	is	significantly	higher	in	neonates	who	are	admitted	to	neonatal	intensive	care	units
(NICUs),	where	thrombocytopenia	occurs	in	approximately	40%	of	all	babies.6,8	Several	studies	have
shown	that	the	severity	of	thrombocytopenia	worsens	with	prematurity	and	with	the	severity	of	the	clinical
condition;	the	incidence	of	thrombocytopenia	in	sick	neonates	requiring	intensive	care	can	be	as	high	as
70–80%.6,9,10

Apparent	thrombocytopenia	should	normally	be	verified	by	repeating	the	full	blood	count	and	by	blood
film	examination,	which	may	show	platelet	clumps	or	fibrin	strands,	and	in	addition	may	suggest	a	cause
of	the	thrombocytopenia,	such	as	sepsis	or	necrotising	enterocolitis	(NEC)	(see	Figs	1.16,	3.6	and	3.15b).
The	most	common	cause	of	spurious	thrombocytopenia	in	neonates	is	a	blood	clot	in	the	sample	which
may	not	have	been	detected	at	the	time	of	analysis.	This	is	a	particular	problem	in	neonates	who	are
polycythaemic.	Pseudothrombocytopenia,	which	is	usually	caused	by	in	vitro	ethylene	diaminetetra
acetic	acid	(EDTA)dependent	platelet	clumping,	is	not	uncommon	in	neonatal	samples.	 In	some	cases,
this	has	been	shown	to	be	due	to	transplacental	passage	of	an	EDTAdependent	antibody	that	leads	to	 in
vitro	platelet	aggregation,	in	which	case	it	is	selflimiting. 11,12	However,	severe
pseudothrombocytopenia	can	also	occur	independently	of	EDTA	and	can	persist	for	several	months	after
birth.13

The	vast	majority	of	episodes	of	thrombocytopenia	are	selflimiting,	occur	secondary	to	pregnancy
related	complications	in	the	mother	or	to	postnatally	acquired	infection	in	the	baby	and	are	accompanied
by	no	or	minor	bleeding.	The	most	common	sites	of	minor	haemorrhage	in	thrombocytopenic	neonates	are
bleeding	from	the	renal	tract,	from	the	skin	or	from	endotracheal	or	nasogastric	tubes.14	Nevertheless,	the
risk	of	significant	or	serious	haemorrhage	in	thrombocytopenic	neonates	is	high,14	particularly	in
extremely	low	birthweight	neonates.	The	most	common	types	of	major	haemorrhage	in	neonates	are
intracranial	haemorrhage	(ICH),	which	occurs	in	about	5%	of	all	thrombocytopenic	neonates,	followed	by
gastrointestinal	haemorrhage	(1–5%),	pulmonary	haemorrhage	(0.6–5%)	and	macroscopic	haematuria	(1–
2%).6,9,14,15



The	treatment	of	thrombocytopenia,	particularly	in	the	context	of	platelet	transfusion	thresholds,	remains
controversial,	but	considerable	progress	has	been	made	in	recent	years	as	a	result	of	carefully	designed
clinical	observational	and	intervention	trials.16,17	In	the	majority	of	babies,	thrombocytopenia	resolves
spontaneously	with	few	longterm	sequelae.	 This	means	that	expensive	and	timeconsuming
investigations	are	usually	not	necessary	provided	that	a	clinical	diagnostic	algorithm,	such	as	those	shown
in	Figs	4.1	and	4.2	for	term	and	preterm	neonates,	respectively,	is	followed.	For	preterm	neonates,	we
have	found	that	a	practical	approach	is	to	stratify	the	causes	of	thrombocytopenia	according	to	the
postnatal	age	of	the	neonate	at	presentation	and	the	gestational	age,	both	of	which	can	guide	the	clinician
in	making	the	right	clinical	and	investigative	choices.

Fig.	 4.1	 Algorithm	 for	 the	 management	 of	 thrombocytopenia	 in	 a	 term	 baby.	 ITP,	 autoimmune
thrombocytopenia;	FNAIT,	fetal/neonatal	alloimmune.	thrombocytopenia.



Fig.	4.2	Algorithm	for	the	management	of	thrombocytopenia	in	a	preterm	baby.

Causes	of	neonatal	thrombocytopenia:	a	practical
classification	based	on	age	at	onset
Although	neonatal	thrombocytopenia	can	have	a	wide	variety	of	causes,	the	clinical	presentation	can
broadly	be	divided	into	three	groups	depending	on	the	age	at	presentation:

fetal	thrombocytopenia

thrombocytopenia	presenting	at	<72	hours	of	age

thrombocytopenia	presenting	at	>72	hours	of	age.

The	main	causes	of	thrombocytopenia	presenting	in	fetal	life	are	shown	in	Table	4.1	and	include	mainly
constitutional	abnormalities	and	congenital	infection.	Although	many	of	these	disorders	may	also	present
after	birth,	in	practice	by	far	the	most	common	causes	of	thrombocytopenia	presenting	in	the	first	72	hours
of	life	are	related	to	complications	of	pregnancy	and/or	delivery	(Table	4.2).	In	contrast,	the	majority	of
episodes	of	thrombocytopenia	developing	later	than	72	hours	of	life	are	a	result	of	a	postnatally	acquired
bacterial	infection	and/or	NEC	(Table	4.3).	This	classification	provides	clinicians	with	guidance	for



selecting	appropriate	investigations	and	management	and	helps	to	avoid	unnecessary	and	expensive	tests
in	transient	thrombocytopenias	where	prognosis	can	be	determined	by	simple	clinical	and	laboratory
means	alone	(Figs	4.1	and	4.2).

Table	4.1	Causes	of	fetal	thrombocytopenia

Cause Condition
Immune Alloimmune	thrombocytopenia

Secondary	to	maternal	platelet	autoantibodies	(e.g.	SLE,	ITP)
Congenital	infection Cytomegalovirus

Parvovirus	B19
Rubella
Human	immunodeficiency	virus
Toxoplasma	gondii	
Malaria

Aneuploidy Trisomy	21
Trisomy	13
Trisomy	18
Triploidy

Malignancy Transient	abnormal	myelopoiesis	associated	with	Down	syndrome
Congenital	leukaemia

Genetic/inherited Congenital	amegakaryocytic	thrombocytopenia
Wiskott–Aldrich	syndrome
Fas	deficiency

Other Severe	Rh	haemolytic	disease	of	the	newborn
ITP,	autoimmune	thrombocytopenia;	SLE,	systemic	lupus	erythematosus.



Table	4.2	Causes	of	earlyonset	neonatal	thrombocytopenia	(presenting	before	72	hours)

Most	common
Placental	insufficiency,	e.g.	IUGR,	secondary	to	maternal	hypertension	or	maternal	diabetes
Perinatal	asphyxia
Perinatal	bacterial	infection,	e.g.	Escherichia	coli,	group	B	Streptococcus,	Haemophilus	influenzae	
Disseminated	intravascular	coagulation
Alloimmune	thrombocytopenia
Autoimmune	thrombocytopenia,	e.g.	maternal	ITP/SLE,	neonatal	lupus	erythematosus
Less	common	or	rare
Congenital	infection,	e.g.	CMV,	rubella,	HIV,	enteroviruses,	parvovirus	B19,	dengue,	chikungunya	virus,
toxoplasma,	malaria
Aneuploidy,	e.g.	trisomy	21,	trisomy	13,	trisomy	18	and	TAM	in	neonates	with	Down	syndrome
Associated	with	thrombosis,	e.g.	HIT,	TTP	(congenital	ADAMTS13	deficiency),	renal	vein	thrombosis
Bone	marrow	replacement,	e.g.	congenital	leukaemia,	osteopetrosis,	HLH
Kasabach–Merritt	syndrome
Metabolic	disease,	e.g.	propionic	and	methylmalonic	acidaemia,	Gaucher	disease,	subcutaneous	fat
necrosis	of	the	newborn
Inherited,	e.g.	TAR,	CAMT,	type	2B	VWD	(see	Table	4.4	and	text	for	a	more	complete	list)
CAMT,	congenital	amegakaryocytic	thrombocytopenia;	CMV,	cytomegalovirus;	HIT,	heparininduced	thrombocytopenia;	HIV,	human
immunodeficiency	virus;	HLH,	haemophagocytic	lymphohistiocytosis;	ITP,	autoimmune	thrombocytopenia;	IUGR,	intrauterine	growth
restriction;	PET,	preeclamptic	toxaemia;	SLE,	systemic	lupus	erythematosus;	TAM,	transient	abnormal	myelopoiesis;	TAR,
thrombocytopenia	with	absent	radii;	TTP,	thrombotic	thrombocytopenic	purpura;	VWD	von	Willebrand	disease.

Table	 4.3	 Causes	 of	 lateonset	 neonatal	 thrombocytopenia	 (presenting	 after	 72	 hours):	 the	 most
frequently	occurring	conditions	are	shown	in	bold

Lateonset	sepsis 	
Necrotising	enterocolitis	
Congenital	infection,	e.g.	CMV,	rubella,	HIV,	enteroviruses,	parvovirus	B19,	dengue,	chikungunya	virus,
toxoplasma,	malaria
Immune:	maternal	ITP/SLE,	neonatal	Kawasaki	disease*	
Kasabach–Merritt	syndrome
Metabolic	disease,	e.g.	propionic	and	methylmalonic	acidaemia
Druginduced
Inherited,	e.g.	TAR,	CAMT	(see	Table	4.4	and	text	for	a	more	complete	list)
*	Thrombocytopenia	has	been	reported	but	thrombocytosis	is	more	common.
CAMT,	congenital	amegakaryocytic	thrombocytopenia;	CMV,	cytomegalovirus;	HIV,	human	immunodeficiency	virus;	ITP,	autoimmune
thrombocytopenia;	SLE,	systemic	lupus	erythematosus;	TAR,	thrombocytopenia	with	absent	radii.

Fetal	thrombocytopenia
Thrombocytopenia	is	usually	identified	when	fetal	blood	sampling	is	performed	where	there	is	a	history
of	fetal	haemorrhage	due	to	a	known	history	of	inherited	thrombocytopenia.	Other	cases	are	identified
during	the	course	of	investigations	for	suspected	fetal	anomalies	or	fetal	anaemia.	Fetal	blood	sampling
also	remains	an	important	tool	for	the	diagnosis	of	thrombocytopenia	in	suspected	congenital
cytomegalovirus	(CMV)	infection18	(discussed	later)	but	is	no	longer	used	to	monitor	known



fetal/neonatal	alloimmune	thrombocytopenia	(FNAIT).	The	most	common	causes	of	fetal
thrombocytopenia	in	individual	centres	tend	to	be	influenced	by	the	particular	casemix	of	the	local	fetal
medicine	unit	but	will	include	viral	infection	and	thrombocytopenia	secondary	to	severe	alloimmune
anaemia	due	to	Rh	antibodies.3	The	conditions	presenting	with	thrombocytopenia	in	fetal	life	are
discussed	in	more	detail	later.

Earlyonset	neonatal	thrombocytopenia	(presenting	at	<72	hours	of	age)
More	than	half	of	all	episodes	of	thrombocytopenia	in	babies	admitted	to	NICUs	occur	within	the	first	72
hours	of	life.8	The	majority	of	cases	of	earlyonset	thrombocytopenia	in	this	setting	occur	in	preterm
neonates	born	following	pregnancies	complicated	by	placental	insufficiency	and/or	chronic	fetal	hypoxia,
secondary	either	to	idiopathic	intrauterine	growth	restriction	(IUGR)	in	the	fetus19	or	to	maternal	disease,
in	particular	preeclampsia	and	other	forms	of	pregnancyinduced	hypertension,	diabetes	mellitus	or
HELLP	syndrome	(haemolysis,	elevated	liver	enzymes	and	low	platelets).20

Neonatal	thrombocytopenia	associated	with	intrauterine	growth	restriction	and	other
placental	insufficiency	syndromes
A	large	retrospective	study	of	almost	3000	neonates	with	IUGR	(also	termed	‘small	for	gestational	age’
[SGA])	showed	that	30%	of	them	had	earlyonset	thrombocytopenia	compared	with	10%	of	gestation
matched	neonates	of	appropriate	birthweight.21	Neonates	with	IUGR	also	have	a	number	of	other
characteristic	haematological	abnormalities	at	birth,	including	increased	numbers	of	circulating	nucleated
red	blood	cells	(NRBC)	(Fig.	4.3),	often	with	an	associated	increased	haemoglobin	concentration	(Hb),
haematocrit	and	red	cell	count;	a	variable	degree	of	neutropenia	without	leftshifted	neutrophils	or	other
signs	of	acute	infection;	and	red	cell	changes	on	the	blood	film	suggestive	of	hyposplenism,	including
spherocytes,	target	cells	and	Howell–Jolly	bodies	(see	Fig.	1.10).19	The	cause	of	the	thrombocytopenia	in
IUGR	appears	to	be	reduced	platelet	production	due	to	impaired	megakaryocytopoiesis.	The	numbers	of
megakaryocytes	and	their	precursor	and	progenitor	cells	are	severely	reduced	and	there	is	no	clear
evidence	of	increased	platelet	consumption.8,22,23	Similarly,	the	numbers	of	neutrophil	progenitors	are
reduced,	suggesting	that	the	neutropenia	results	from	reduced	neutrophil	production.	By	contrast,
erythropoiesis	is	clearly	increased,	as	shown	by	the	high	numbers	of	NRBC	and	the	raised	Hb.
Furthermore,	the	levels	of	erythropoietin	(EPO)	are	increased	in	fetuses	and	neonates	with	IUGR24,25	and
correlate	with	the	severity	of	the	haematological	abnormalities.19	These	findings	suggest	that	the
underlying	cause	of	the	thrombocytopenia	and	other	haematological	abnormalities	associated	with	IUGR
is	chronic	fetal	hypoxia.	However,	the	mechanisms	by	which	chronic	fetal	hypoxia	affects	platelet
production	as	well	as	neutrophil	and	red	cell	production	are	unknown.



Fig.	4.3	Blood	 film	of	 a	preterm	neonate	with	 intrauterine	growth	 restriction	 showing	erythroblastosis,
polychromasia,	 poikilocytosis	 and	 target	 cells.	 No	 leucocytes	 and	 only	 occasional	 platelets	 are	 seen
consistent	with	 the	blood	count	showing	neutropenia	and	 thrombocytopenia.	At	 least	 two	Howell–Jolly
bodies	are	also	apparent.	May–Grünwald–Giemsa	(MGG),	×20	objective.

The	natural	history	of	this	type	of	neonatal	thrombocytopenia	is	characteristic.	Affected	neonates	usually
have	a	low	normal	or	moderately	reduced	platelet	count	at	birth	(120–200	×	109/l),	which	falls	to	a	nadir
of	80–100	×	109/l	at	day	4–5	of	life	before	recovering	to	>150	×	109/l	by	7–10	days	of	age.26	This
pattern,	together	with	the	clinical	history	and	blood	film	abnormalities,	is	sufficient	to	make	the	diagnosis9
(see	Figs	1.10	and	4.3).	Christensen	et	al.	showed	that	neonates	with	this	pattern	of	IUGRassociated
earlyonset	thrombocytopenia	had	a	low	morbidity	and	mortality	(2%)	compared	with	the	SGA	neonates
with	earlyonset	thrombocytopenia	for	other	reasons	(65%). 21	This	supports	a	conservative	approach	to
management	of	neonatal	thrombocytopenia	associated	with	IUGR	where	there	is	no	other	cause	for	the
thrombocytopenia	and	where	the	platelet	count	remains	above	50	×	109/l	and	recovers	with	the
characteristic	natural	history	outlined	above.	For	these	neonates,	no	further	investigations	are	necessary.
On	the	other	hand,	if	the	platelet	count	falls	below	50	×	109/l	or	the	thrombocytopenia	persists	beyond	the
10th	day	of	life,	additional	causes	for	the	thrombocytopenia	should	be	sought.

Causes	of	severe	earlyonset	thrombocytopenia



In	contrast	to	the	mild	to	moderate	thrombocytopenia	seen	in	most	cases	of	placental	insufficiency,	severe
earlyonset	thrombocytopenia	(<50	×	10 9/l)	requires	urgent	investigation.	The	three	most	important
causes	are	FNAIT,	which	is	discussed	in	detail	later,	perinatal	bacterial	infection	and	hypoxic	ischaemic
encephalopathy	(HIE)	due	to	acute	perinatal	asphyxia/hypoxia	(see	Table	4.2).

Perinatal	bacterial	infection	is	commonly	related	to	prolonged	rupture	of	membranes	and	usually	presents
as	early	onset	neonatal	infection	(present	by	72	hours).	Recent	studies	have	shown	that	perinatal	infection
occurs	in	approximately	3.5	of	1000	births,	most	commonly	due	to	group	B	Streptococcus	or	Escherichia
coli.27,28	Infections	with	these	organisms	are	a	relatively	common	cause	of	stillbirth	and	can	also	cause
serious	neonatal	morbidity,	with	thrombocytopenia	developing	in	about	50%	of	cases.29,30	In	contrast	to
lateonset	neonatal	sepsis,	disseminated	intravascular	coagulation	(DIC)	appears	to	be	an	important
mechanism	of	thrombocytopenia,	probably	because	of	the	severity	of	the	sepsis	syndrome	induced	by	the
causative	organisms	and	the	fact	that	infection	has	often	begun	prior	to	delivery	and	therefore	before
effective	treatment	can	be	instituted.	For	this	reason	it	is	important	to	perform	a	coagulation	screen	in	any
neonate	with	thrombocytopenia	secondary	to	perinatal	bacterial	infection.31	Typically,	the	blood	film	will
show	neutrophil	left	shift	with	toxic	granulation	evident	1	or	2	days	later	(see	Figs	3.3	and	3.6)	and,	when
DIC	is	present,	thrombocytopenia	and	fragmented	red	blood	cells	(schistocytes)	(Fig.	4.4).	Worsening
thrombocytopenia	and	neutropenia	are	poor	prognostic	signs.

Thrombocytopenia	in	association	with	HIE	is	often	severe	and	prolonged	and	occurs	in	approximately
30%	of	affected	neonate.32,33	In	most	cases,	thrombocytopenia	appears	to	result	principally	from	DIC31
but	it	is	also	reported	in	the	absence	of	DIC	when	it	tends	to	be	less	severe.34	Several	studies	to
investigate	the	impact	of	therapeutic	induced	hypothermia	in	thrombocytopenic	neonates	with	HIE	show
no	clinically	significant	effects	on	the	platelet	count.33

Lateonset	neonatal	thrombocytopenia	(presenting	at	>72	hours	of	age)
Lateonset	thrombocytopenia	in	preterm	neonates	in	NICUs	is	often	severe,	with	an	acute	fall	in	the
platelet	count	over	24	hours,	and	may	be	prolonged.	Most	episodes	are	secondary	to	bacterial	or	fungal
sepsis	or	NEC.	Many,	but	not	all,	neonates	with	sepsis	or	NECassociated	thrombocytopenia	have
evidence	of	DIC	(see	Case	3.1)	and	so	it	is	important	to	carry	out	a	coagulation	screen,	including
measurement	of	fibrinogen	levels	in	all	neonates	with	sepsis	or	NEC	and	a	rapidly	falling	platelet	count.35
Ddimer	measurement	is	not	usually	helpful	in	neonates	because	of	the	high	physiological	levels	for	the
first	month	of	life	and	additional	blood	samples	are	also	often	difficult	to	obtain	in	sick	neonates.
Importantly,	thrombocytopenia	may	be	prolonged	for	several	weeks	beyond	the	onset	of	sepsis/NEC.
Sepsis	and	NECassociated	thrombocytopenias	are	among	the	commonest	indications	for	neonatal
platelet	transfusion.36	Other	causes	of	lateonset	thrombocytopenia	are	shown	in	 Table	4.3	and	include
congenital	infections,	metabolic	disorders,	druginduced	and	immune	thrombocytopenias	and	inherited
disorders,	all	of	which	are	discussed	later.



Fig.	4.4	Blood	film	of	a	preterm	neonate	during	an	acute	bacterial	infection	showing	two	neutrophils	with
toxic	 granulation	 and	 some	 schistocytes	 together	 with	 thrombocytopenia	 consistent	 with	 disseminated
intravascular	coagulation.	Note	the	large	number	of	echinocytes	consistent	with	the	gestation	at	birth	(24
weeks)	and	the	Howell–Jolly	body	reflecting	the	underlying	intrauterine	growth	restriction.	MGG,	×100.

Conditions	leading	to	clinically	significant	thrombocytopenia
in	the	neonate
Although	the	majority	of	cases	of	neonatal	thrombocytopenia	can	be	diagnosed	by	their	clinical
presentation	and	basic	laboratory	parameters,	there	are	a	small	number	of	other	conditions	that	lead	to
clinically	significant	thrombocytopenia	that	require	specific	investigation	leading	to	diagnosis	and
appropriate	management.

Fetal/neonatal	alloimmune	thrombocytopenia
Fetal/neonatal	alloimmune	thrombocytopenia	is	the	commonest	cause	of	severe	thrombocytopenia	in	well,
term	infants.	It	is	caused	by	transplacental	passage	of	maternal	antihuman	platelet	antigen	(HPA)
alloantibodies	directed	against	fetal	platelet	antigens	that	the	mother	lacks,	leading	to	fetal	platelet
destruction	and	potentially	also	suppression	of	fetal	megakaryopoiesis.37	In	addition	to	bleeding	caused



by	the	thrombocytopenia,	in	vitro	and	mouse	studies	suggest	that	in	some	cases	of	FNAIT	bleeding	may	be
aggravated	by	impaired	platelet	function	caused	by	binding	of	antiHPA	antibodies	to	the	receptors	for
fibrinogen	on	platelets	and/or	by	defects	in	vascular	integrity	caused	by	antiHPA	antibodies	binding	to
vitronectin	receptors	on	endothelial	cells.38,39

Populationbased	studies	indicate	an	overall	prevalence	of	FNAIT	of	0.7	per	1000	births. 40,41	Although
41	different	HPA	antigens	have	been	identified	so	far	(Versiti	HPA	Database,	2020.	Available	from:
https://www.versiti.org/hpagene ),	a	recent	international	study	found	that	four	of	these	antigens	were
responsible	for	the	vast	majority	of	reported	cases	of	FNAIT	(antibodies	to	HPA1,	HPA3,	HPA5
and	HPA15). 42	In	Caucasian	populations,	HPA1a	is	implicated	in	80%	cases	and	HPA5b	in	10–
15%.40,43,44	Around	10%	of	women	who	are	HPA1anegative	and	carrying	an	HPA1apositive	fetus
have	antiHPA1	antibodies. 45	Although	the	frequency	of	antiHPA5b	antibodies	in	HPA5b
negative	women	carrying	an	HPA5bpositive	fetus	is	much	higher	(27%),	the	risk	of	severe	FNAIT
associated	bleeding	is	lower	with	antiHPA5b	than	antiHPA1a. 46	The	development	of	antibodies
against	HPA1a	in	HPA1anegative	women	is	very	strongly	associated	with	HLA	DRB3	0101	(odds
ratio	140),	although	the	HLA	DR	genotype	does	not	predict	the	severity	of	the	FNAIT.45,47	Current
evidence	suggests	that	antibodies	against	lowfrequency	antigens	are	rare	and	play	little	role	in	the
morbidity	of	FNAIT	in	the	Caucasian	population.41,48	In	Asian	and	African	populations	FNAIT	caused	by
antiHPA1a	antibodies	appears	to	be	uncommon.	 The	most	frequent	causes	of	FNAIT	in	the	Asian
population	are	antibodies	directed	against	HPA5b	or	antiHPA4b. 49	In	addition,	studies	from	a
number	of	countries	have	shown	that	FNAIT	in	Asian	and	African	populations	is	frequently	caused	by
maternal	antiCD36	alloantibodies. 50–53	While	CD36	deficiency	is	extremely	rare	in	Caucasians,	around
2%	of	individuals	of	African	origin	and	0.5%	of	individuals	of	Asian	origin	lack	CD36	expression	on
their	platelets	and	monocytes	and	are	therefore	at	risk	of	developing	antiCD36	antibodies	after	platelet
transfusion	or	during	pregnancy.50–53	FNAIT	can	also	occur	in	the	babies	of	women	with	Glanzmann
thrombasthenia	or	Bernard–Soulier	syndrome	who	have	been	immunised	by	platelet	transfusion,
developing	either	HLA	antibodies	or	antibodies	to	the	missing	glycoproteins.54

Most	neonates	with	FNAIT	present	with	severe	thrombocytopenia,	often	with	a	platelet	count	<20	×	109/l.
The	most	feared	complication	is	ICH,	which	occurs	in	approximately	20%	of	neonates	with	HPA1a
associated	FNAIT	and	is	associated	with	a	very	high	risk	of	severe	neurodevelopmental	problems,
including	cerebral	palsy.40,55	A	large	international	study	that	identified	43	cases	of	FNAITassociated
ICH	reported	that	15	(35%)	neonates	died	within	a	few	days	of	birth	while	another	23	(82%	of	the
survivors)	had	longterm	neurodevelopmental	problems,	including	cerebral	palsy. 56	A	high	proportion	of
ICH	(about	80%)	occurs	in	utero	and	FNAIT	has	been	reported	as	early	as	20	weeks’	gestation.56,57
Bleeding	from	extracranial	sites,	such	as	the	gastrointestinal	tract	or	the	lungs	may	also	occur	and	is
occasionally	fatal58	although	the	overall	risk	of	major	haemorrhage	due	to	FNAIT	is	fairly	low
(<5%).42,59	Since	FNAIT	can	affect	first	pregnancies,	the	diagnosis	at	birth	is	often	unsuspected	and	the
clinical	presentation	varies	from	asymptomatic	thrombocytopenia	or	petechiae	to	seizures	secondary	to
ICH.	The	clinical	pattern	of	FNAIT	due	to	antiCD36	antibodies	is	particularly	associated	with	repeated
early	fetal	loss	due	to	miscarriage	and	hydrops	fetalis,	the	antigen	being	also	expressed	on	erythroid
cells.60–63

https://www.versiti.org/hpa-gene


Fig.	 4.5	 Blood	 film	 of	 a	 neonate	 born	 at	 36	 weeks’	 gestation	 with	 severe	 thrombocytopenia	 due	 to
fetal/neonatal	alloimmune	thrombocytopenia	showing	a	single	normalsized	platelet	as	well	as	a	normal
neutrophil	and	red	cells.	MGG,	×100.

The	laboratory	diagnosis	of	FNAIT	is	usually	made	using	monoclonal	antibodyspecific	immobilisation
of	platelet	antigens	(MAIPA)	assays	to	detect	maternal	antiHPA	antibodies.	 Both	parents,	where
possible,	and	the	infant	should	also	be	genotyped	for	the	most	common	HPA	antigens	(HPA1a,	HPA3,
HPA5b	and	HPA15)	and	HPA4	and	CD36	if	appropriate.	 Because	the	field	of	platelet	genotyping	is
advancing	rapidly,	an	international	panel	of	experts	recently	worked	together	to	agree	evidencebased
guidance	on	the	investigations	of	FNAIT	using	a	systematic	approach	and	standardised	methodology.64
There	are	no	specific	haematological	features	of	FNAIT	apart	from	isolated	thrombocytopenia.	The	only
finding	on	the	blood	film	is	thrombocytopenia	and	often	it	is	the	absence	of	additional	features	(such	as
evidence	of	infection)	that	suggests	the	diagnosis	(Fig.	4.5).

Management	of	fetal/neonatal	alloimmune	thrombocytopenia
This	diagnosis	should	be	considered	in	all	cases	of	severe	earlyonset	neonatal	thrombocytopenia
(platelet	count	<50	×	109/l)	(see	Fig.	4.1).	In	a	retrospective	analysis	of	166	cases	of	severe
thrombocytopenia	where	screening	for	FNAIT	was	performed,	twothirds	of	the	neonates	(110/166)
were	found	to	have	FNAIT	and	12	of	these	neonates	were	found	to	have	ICH.65	The	high	mortality	and



morbidity	of	FNAITassociated	ICH	means	that	most	experts	recommend	that	all	cases	of	suspected
FNAIT	should	undergo	cranial	ultrasound	scanning	to	exclude	ICH.	Most	cases	of	FNAIT	resolve	within
a	week	without	longterm	sequelae.	 Since	the	platelet	count	usually	falls	over	the	first	4–7	days	of	life,
all	thrombocytopenic	neonates	with	FNAIT	should	be	monitored	until	there	is	a	sustained	rise	in	the
platelet	count	into	the	normal	range.

There	have	been	many	changes	in	the	recommendations	for	both	postnatal	and	antenatal	management	of
FNAIT	over	the	last	10	years.	This	reflects	the	difficulty	of	conducting	randomised	trials	in	a	relatively
rare	disease	and	most	recommendations	are	based	on	consensus	recommendations	from	expert	groups.	In
well	neonates	with	documented	or	suspected	FNAIT	who	have	no	evidence	of	haemorrhage,	transfusion
of	HPAcompatible	platelets	is	recommended	only	when	the	platelet	count	is	<30	×	10 9/l.41,64	In	some
countries,	including	the	UK,	HPA1a,	HPA5bnegative	platelets	are	usually	given	pending	a	precise
diagnosis.	A	recent	systematic	review	confirmed	that	HPAselected	platelet	transfusions	were	more
effective	than	HPAunselected	platelets. 66	However,	the	same	review	also	showed	that	random	donor
platelets	were	often	clinically	effective	and	could	therefore	be	used	in	regions	or	countries	where	HPA
selected	platelets	were	unavailable.	In	the	event	of	major	haemorrhage,	including	ICH,	the	platelet	count
should	be	maintained	>50	×	109/l	using	appropriate	HPAnegative	platelets	by	preference.	 There	is
currently	no	clear	evidence	to	demonstrate	a	benefit	for	administration	of	intravenous	immunoglobulin
(IVIg)	in	the	immediate	postnatal	period.66	In	all	cases,	platelets	for	transfusion	should	be	CMV
negative,	singledonor	apheresis	units;	when	neonates	have	received	intrauterine	platelet	transfusions	the
platelets	should	also	be	irradiated.67	In	some	cases,	thrombocytopenia	persists	for	up	to	8–12	weeks.	In
these	cases	IVIg	is	usually	considered	to	be	a	better	option	than	repeated	platelet	transfusions,	although
there	is	no	evidence	from	clinical	trials	to	confirm	the	value	of	IVIg	for	persistent	thrombocytopenia.1

Antenatal	management	of	fetal/neonatal	alloimmune	thrombocytopenia
Although	the	optimal	approach	to	antenatal	management	of	FNAIT	has	been	controversial	for	many	years,
a	recently	published	systematic	review	of	the	26	most	relevant	studies	has	clearly	shown	that	non
invasive	antenatal	management	of	FNAIT	is	as	effective	as	fetal	blood	samplingbased	approaches. 59

This	is	important	because,	as	this	review	reported,	the	mortality	associated	with	fetal	blood	sampling	in
FNAIT,	is	substantial	(26%).	This	review	also	found	that	weekly	maternal	administration	of	IVIg	is	the
most	appropriate	firstline	antenatal	treatment	of	FNAIT,	with	no	consistent	evidence	in	favour	of	adding
corticosteroids.59	Management	of	women	with	known	HPA	antibodies	depends	on	the	HPA	genotype	of
the	father	and	the	severity	of	previously	affected	neonates.	To	confirm	that	there	is	a	risk	of	FNAIT,	HPA
typing	using	noninvasive	methods	should	be	performed	in	any	pregnancy	where	the	father	is	unavailable
or	is	known	to	be	heterozygous	for	the	implicated	antigen.64	Although	there	is	some	evidence	that	antibody
titres	correlate	with	disease	severity,	the	single	most	important	predictor	of	poor	outcome	is	a	past	history
of	an	affected	infant	with	ICH.	As	a	result,	recent	international	recommendations	advise	that	women	with
a	previous	baby	with	an	ICH	related	to	FNAIT	should	be	offered	IVIg	infusions	during	subsequent
affected	pregnancies	from	12	weeks’	gestation.64

Neonatal	thrombocytopenia	due	to	maternal	autoimmune	disease
Neonates	born	to	mothers	with	a	history	of	autoimmune	thrombocytopenia	(ITP)	or	systemic	lupus
erythematosus	(SLE)	may	develop	thrombocytopenia	as	a	result	of	transplacental	passage	of	maternal
platelet	autoantibodies	even	if	the	mother	had	a	normal	platelet	count	during	the	pregnancy.	Severe
thrombocytopenia	(<50	×	109/l)	occurs	in	about	10%	of	neonates	with	maternal	platelet	autoantibodies;
about	half	of	these	have	platelet	counts	of	<20	×	109/l.68,69	Several	studies	have	shown	that	the	mortality



and	risk	of	major	haemorrhage,	including	ICH,	is	very	low	(about	1%)68–70	and	most	groups	no	longer
recommend	fetal	blood	sampling	or	caesarean	delivery	irrespective	of	the	maternal	platelet	count.68,71
Neonatal	lupus	due	to	transplacental	passage	of	maternal	autoantibodies	to	Sjögren	syndrome	A	or	B
autoantigens	has	a	distinct	clinical	presentation	which	includes	total	atrioventricular	heart	block	as	well
as	the	characteristic	lupus	rash,	hepatobiliary	disease,	thrombocytopenia,	anaemia,	neutropenia	and,
rarely,	aplastic	anaemia.72

The	most	useful	factors	predicting	whether	or	not	fetal	or	neonatal	thrombocytopenia	is	likely	to	be	severe
are	the	severity	of	the	maternal	disease	and/or	platelet	count	during	pregnancy,	or	the	occurrence	of
severe	thrombocytopenia	in	a	previous	baby.68,69	As	with	FNAIT,	there	are	no	specific	features	in	the
blood	film	of	a	baby	with	thrombocytopenia	due	to	maternal	autoimmune	disease.	All	neonates	with	a
history	of	maternal	thrombocytopenia	should	have	their	platelet	count	checked	at	birth;	if	it	is	found	to	be
>150	×	109/l,	no	further	action	is	necessary.	Thrombocytopenic	neonates	should	have	their	platelet	count
rechecked	after	2–3	days,	as	counts	often	drop	to	their	lowest	levels	at	this	age.	In	addition,	all	neonates
with	severe	thrombocytopenia	should	undergo	cranial	ultrasound	scanning	to	exclude	ICH.	For	neonates
with	a	platelet	count	of	<20	×	109/l	or	for	thrombocytopenic	neonates	with	active	bleeding,	the
International	Consensus	Report	on	Management	of	ITP	recommended	treatment	with	a	single	dose	of	IVIg
(1	g/kg).73	In	most	cases	the	thrombocytopenia	resolves	spontaneously	by	the	age	of	7	days.	However,	in	a
small	group	of	neonates,	thrombocytopenia	persists	up	to	the	age	of	12	weeks.69	In	this	situation,	where
the	thrombocytopenia	is	severe	(platelet	count	<20	×	109/l),	treatment	with	IVIg	(400	mg/kg/day	for	5
days	or	1	g/kg/day	for	2	days,	total	dose	2	g/kg)	may	be	useful.1,69

Thrombocytopenia	due	to	congenital	infections
The	classical	congenital	infections	associated	with	fetal	and	neonatal	thrombocytopenia	are	often	referred
to	as	‘TORCH’	organisms	(toxoplasma,	other	infections,	rubella,	CMV	and	herpes	simplex).	There	is	an
expanding	range	of	‘other’	organisms	including	a	range	of	viruses,	mycobacteria	and	protozoa.	Neonatal
thrombocytopenia	does	not	appear	to	be	a	feature	of	transplacental	infection	with	severe	acute	respiratory
syndrome	coronavirus2	(SARSCoV2) 74	and	is	only	rarely	described	in	neonates	with	congenital
human	immunodeficiency	virus	(HIV)	infection.75	In	most	cases,	thrombocytopenia	will	be	present	in
combination	with	other	clinical	features	suggestive	of	congenital	infection,	such	as	intracranial
calcification,	hepatosplenomegaly,	jaundice	or	‘reactive’	lymphocytes	in	the	blood	film	(see	Fig.	3.16).
However,	severe	thrombocytopenia	(platelet	count	<50	×	109/l)	that	is	present	in	the	first	days	of	life	and
persists	for	more	than	the	first	week	is	a	common	feature	in	congenital	infections	and	may	then	suggest	the
diagnosis	if	other	more	common	clinical	features	are	absent	or	minimal.

Congenital	cytomegalovirus	infection
The	best	recognised,	and	likely	commonest,	cause	of	virusassociated	neonatal	thrombocytopenia	is
congenital	CMV	infection	(Case	4.1,	see	page	227).	This	is	also	the	most	commonly	identified	congenital
viral	infection,	affecting	hundreds	of	thousands	of	neonates	worldwide	every	year	with	an	estimated
prevalence	of	0.67%	overall.76,77	Rates	of	congenital	CMV	infection	are	3fold	higher	in	low	and
middleincome	countries	than	in	 highincome	countries. 77	The	rate	of	congenital	CMV	infection	largely
depends	on	maternal	seroprevalence	rates:	the	highest	rates	of	congenital	CMV	are	seen	in	populations
with	high	maternal	seroprevalence	because	the	majority	of	affected	neonates	are	currently	born	to	mothers
with	reactivation	of	previously	acquired	CMV	or	reinfection	with	a	new	viral	strain.77	Maternalto
fetal	transmission	of	CMV	is	highest	in	the	third	trimester	but	the	severity	of	infection	is	highest	when



transmission	occurs	during	the	first	trimester.78	Overall,	primary	or	recrudescent	maternal	CMV	infection
during	pregnancy	results	in	intrauterine	transmission	of	CMV	in	30–40%	of	cases,	although	only	10–15%
of	these	cases	are	born	with	clinical	abnormalities.76,79

Around	70%	of	neonates	with	congenital	CMV	disease	have	thrombocytopenia	at	birth,	which	often
manifests	as	a	petechial	rash	and	occasionally	as	a	‘blueberry	muffin’	skin	rash	(see	Chapter	3).	CMV
associated	thrombocytopenia	may	be	severe	and	may	persist	for	several	months.76,80	The	diagnosis	is
often	suggested	by	the	combination	of	the	petechial	rash	with	jaundice,	hepatosplenomegaly,	raised
transaminases,	IUGR,	microcephaly	and/or	chorioretinitis	as	well	as	the	characteristic	appearance	of
intracranial	periventricular	calcification.76	Sensorineural	hearing	loss	is	an	important	cause	of	longterm
morbidity.81	The	most	severe	cases	of	congenital	CMV	infection	are	detected	during	fetal	life,	usually	as	a
result	of	routine	ultrasound	scanning.	In	these	cases	the	majority	of	fetuses	with	severe	neurological
abnormalities	are	thrombocytopenic	and	the	outlook	is	poor.18

The	diagnosis	of	congenital	CMV	infection	in	neonates	is	based	on	the	detection	of	CMV
deoxyribonucleic	acid	(DNA)	in	urine	or	saliva	using	the	polymerase	chain	reaction	(PCR),	which	is
quicker	and	more	sensitive	than	viral	culture.82	It	is	important	to	make	the	diagnosis	on	samples	collected
soon	after	birth	to	differentiate	congenital	from	nosocomially	acquired	CMV	infection	because	of	the
implications	for	screening	and	followup	of	neonates	with	congenital	CMV. 76,83	Although	there	appear	to
be	no	direct	longterm	haematological	consequences	of	congenital	CMV	infection,	the	severity	of	fetal
thrombocytopenia	is	likely	to	contribute	to	the	considerable	morbidity	of	this	disease:	up	to	60%	will
have	some	form	of	longterm	neurodevelopmental	disability,	threequarters	will	have	hearing
impairment	and	onethird	will	have	visual	problems,	including	blindness. 76	Prenatal	diagnosis	of	CMV
infection	is	currently	based	on	quantification	of	CMV	DNA	in	amniotic	fluid	rather	than	fetal	blood
because	of	the	potential	risk	of	fetal	blood	sampling.84	However,	it	is	important	to	be	aware	that	the
sensitivity	of	CMV	PCR	is	maximal	(90%)	when	amniocentesis	is	performed	after	the	first	20	weeks	of
pregnancy	and	at	least	8	weeks	after	the	onset	of	maternal	infection	and	that	a	negative	result	therefore
does	not	rule	out	CMV	infection	of	the	fetus.84	Antiviral	treatment	with	valganciclovir	has	been	shown	to
be	beneficial	for	hearing	loss	and	neurodevelopmental	outcome	in	symptomatic	cases	but	is	not
recommended	for	asymptomatic	CMV	infection.85

Other	congenital	viral	infections

Congenital	rubella,	though	now	very	rare	in	countries	with	an	active	immunisation	programme,86	causes
severe	disease	(congenital	rubella	syndrome)	in	an	estimated	105	000	children	per	year	worldwide,
mostly	in	Southeast	Asia,87	although	World	Health	Organization	(WHO)	estimates	are	lower	than	this.
Occasional	cases	of	congenital	rubella	syndrome	still	occur	in	highincome	countries,	including	cases
where	thrombocytopenia	is	a	prominent	feature.88	The	frequency	of	thrombocytopenia	due	to	rubella
infection	is	difficult	to	determine	because	blood	counts	are	often	not	reported.	Estimates	vary	from	10%
to	90%,88–91	with	the	majority	of	studies	indicating	that	more	than	50%	of	cases	are	associated	with
neonatal	thrombocytopenia.	A	review	of	a	rubella	outbreak	in	the	USA	in	1964	reported	that	more	than
90%	of	neonates	with	congenital	rubella	syndrome	had	thrombocytopenia.91	A	retrospective	study	of
severe	cases	in	Japan	after	a	rubella	outbreak	noted	that	76%	of	neonates	had	thrombocytopenia90	and
two	of	the	three	cases	reported	in	the	USA	in	2012	also	had	thrombocytopenia.92	Infection	results	from
transplacental	infection	due	to	primary	infection	of	the	mother,	with	the	major	risk	occurring	in	the	first
trimester.	As	in	many	congenital	infections,	the	diagnosis	is	usually	suggested	by	the	associated	clinical
features	which,	for	rubella,	are	IUGR,	sensorineural	hearing	loss,	cardiac	defects,	hepatosplenomegaly,



retinopathy,	cataracts	and,	occasionally,	a	‘blueberry	muffin’	skin	rash.87	In	neonates	the	diagnosis	is
confirmed	by	PCR	for	viral	DNA	and/or	virus	culture	and/or	positive	rubellaspecific	immunoglobulin
M	(IgM)	antibodies.88	Prenatal	diagnosis	is	made	by	PCR	for	rubella	virus	DNA	on	amniotic	fluid,
chorionic	villus	tissue	or	fetal	blood.93	There	is	no	specific	treatment	for	congenital	rubella	syndrome	or
the	associated	thrombocytopenia.

Congenital	parvovirus	B19	infection,	although	more	usually	associated	with	isolated	fetal	anaemia,	also
not	infrequently	causes	fetal	and	neonatal	thrombocytopenia	in	addition	to	anaemia.71	As	with	congenital
CMV	and	rubella	infection,	the	likely	mechanism	of	thrombocytopenia	is	reduced	platelet	production
although	the	evidence	for	this	is	sparse.	Thrombocytopenia	secondary	to	congenital	mumps	infection	is
also	reported	but	appears	to	be	extremely	rare.94

By	contrast,	in	congenital	herpes	simplex	infection,	thrombocytopenia	is	due	to	the	associated	DIC	and
occurs	where	there	is	disseminated	disease.95	In	addition,	severe	coagulopathy	is	an	important	cause	of
fatality	in	neonatal	herpes	simplex	infection.95	Similarly,	thrombocytopenia	secondary	to	congenital
infection	with	enteroviruses	(coxsackievirus	A	and	B	and	echovirus)	is	due	to	DIC	(Case	4.2,	see	page
230)96,97	and	is	a	key	indicator	of	severe	disease.98	Importantly,	neonatal	enterovirus	infection	may	also
be	complicated	by	haemophagocytic	lymphohistiocytosis	(HLH)99,100	or	by	bone	marrow	failure.101
Sporadic	reports	describe	the	successful	treatment	of	enterovirusassociated	HLH	or	of	other	severe
enterovirus	infection	in	neonates	by	IVIg.98,100

Thrombocytopenia	is	also	reported	in	association	with	neonatal	adenovirus	infection,	although	this	is
relatively	uncommon.102	A	review	of	hospitalised	neonates	in	Dallas,	Texas,	USA	identified	26	cases
over	a	17year	period	of	which	5	(19%)	had	disseminated	disease	and	a	poor	outcome	while	all	of	the
cases	with	localised	respiratory	tract	disease	survived.102	Notably,	thrombocytopenia	without	any
evidence	of	coagulopathy	was	present	in	4	of	5	neonates	with	disseminated	disease	compared	with	3	of
19	with	localised	disease,	suggesting	that	adenovirus	infection	itself	may	cause	thrombocytopenia	directly
rather	than	in	conjunction	with	DIC.

Congenital	arbovirus	infections,	such	as	dengue,	chikungunya	virus	and	zika	virus,	have	also	all	been
reported	to	cause	thrombocytopenia	and	occasionally	to	underlie	the	subsequent	development	of
HLH.103,104	In	a	recent	series	of	32	cases	of	neonatal	dengue,	almost	90%	of	the	neonates	had	a	petechial
rash	and	around	half	had	severe	thrombocytopenia	(platelet	count	<20	×	109/l).105	Although	most	cases
have	only	mild	bleeding	despite	severe	thrombocytopenia,105	ICH	and	gastrointestinal	haemorrhage	have
been	reported.106,107	Importantly,	the	platelet	count	may	be	normal	at	birth	before	dropping	rapidly	during
the	febrile	phase	of	the	disease.108	This	suggests	that	dengueassociated	thrombocytopenia	is	secondary
to	increased	platelet	consumption	or	destruction.	Interestingly,	in	the	series	reported	by	Nguyen	and
colleagues,105	just	over	10%	of	the	neonates	were	initially	misdiagnosed	as	neonatal	immune
thrombocytopenia.	Thrombocytopenia	is	similarly	common	in	congenital	chikungunya	virus	infection.	In
one	of	the	largest	case	series,	17	of	19	neonates	reported	in	a	study	from	La	Réunion	had
thrombocytopenia;	this	was	severe	in	over	half	of	the	cases	and	associated	with	DIC	in	half	of	these.109
Several	of	these	neonates	had	major	haemorrhage	including	ICH	and	gastrointestinal	haemorrhage
although	none	died.	A	recent	systematic	review	which	included	28	case	reports,	14	small	series	and	a
total	of	266	cases	of	congenital	chikungunya	virus	infection	found	that	thrombocytopenia	was	reported	in
around	onethird	of	the	cases	and,	in	contrast	to	neonatal	dengue,	was	often	associated	with	major
haemorrhage,	including	ICH,	gastrointestinal	and	pulmonary	haemorrhage.110	This	supported	the	findings
of	Gerardin	et	al.109	Thrombocytopenia	is	also	an	occasional	feature	of	congenital	zika	virus	infection.111



Congenital	parasitic	infections
Congenital	parasitic	infection	is	an	uncommon	cause	of	neonatal	thrombocytopenia	but	remains	important
because	of	the	importance	of	prompt	diagnosis	and	treatment	to	prevent	further	damage.	Congenital
toxoplasmosis	affects	between	1	in	2000	and	1	in	3000	newborns,	depending	on	geographical	location
and	dietary	practices.112–114	In	contrast	to	many	infections,	the	risk	to	the	fetus	increases	with	the	gestation
at	which	the	infection	occurs	and	can	be	as	high	as	70%	in	the	third	trimester.115	The	classical	clinical
features	of	congenital	toxoplasmosis	are	fever,	jaundice,	hepatosplenomegaly,	central	nervous	system
(CNS)	disease	(microcephaly,	intracranial	calcification)	and	ocular	disease	(microphthalmia,
chorioretinitis,	cataracts).116	The	incidence	of	thrombocytopenia	in	affected	neonates	is	approximately
40%,113	which	is	similar	to	the	percentage	of	fetuses	with	toxoplasmosis	with	platelets	of	less	than	100	×
109/l.117	The	mechanism	of	toxoplasmosisassociated	thrombocytopenia	is	likely	to	include	a
combination	of	reduced	platelet	production	and	increased	platelet	consumption	as	several	cases	of
associated	DIC	have	been	reported	in	severely	affected	fetuses	and	neonates.117–119	Occasional	cases	of
‘blueberry	muffin’	skin	rash	due	to	congenital	toxoplasmosis	have	also	been	reported.120	The
recommended	treatment	for	congenital	toxoplasmosis	is	prolonged	(12	months)	and	includes
pyrimethamine	and	sulfadiazine	together	with	folinic	acid	to	prevent	pyrimethamineassociated
haematological	toxicity.116	Followup	during	treatment	should	include	regular	full	blood	counts	because
almost	half	of	the	infants	will	develop	treatmentrelated	haematological	toxicity,	including
thrombocytopenia,	neutropenia	and	anaemia.121

Congenital	malaria	occurs	with	all	malarial	species	and	remains	a	common	clinical	problem	in	endemic
areas122	as	well	as	an	occasional	cause	of	congenital	infection	in	nonendemic	countries,	where	lack	of
awareness	may	delay	diagnosis.123,124	The	most	frequent	clinical	features	are	anaemia,	fever,
hepatosplenomegaly,	jaundice	and	thrombocytopenia,	which	is	often	severe.123–128	The	first	clinical	signs
usually	appear	at	10–28	days	after	birth	but	may	be	delayed	by	up	to	8	weeks.129	Neonates	born	to
mothers	who	have	been	successfully	treated	for	malaria	do	not	need	to	be	screened	for	congenital	malaria
unless	they	develop	signs	of	the	disease.	Where	the	mother	has	not	been	successfully	treated,	both	the
neonate	and	the	placenta	should	be	examined	for	malarial	parasites.

Other	congenital	infections	associated	with	neonatal	thrombocytopenia:	tuberculosis
and	syphilis
Although	rare,	both	congenital	tuberculosis	and	congenital	syphilis	remain	clinical	problems	because	of
the	high	associated	mortality	if	the	diagnosis	is	delayed;	both	may	cause	thrombocytopenia.130,131	In	recent
years	the	term	‘perinatal’	tuberculosis	has	largely	replaced	‘congenital’	because	it	is	often	unclear
whether	the	infection	was	acquired	during	the	pregnancy	or	at	delivery.	While	neonates	with	tuberculosis
usually	present	with	nonspecific	signs	of	fever,	hepatomegaly	and	respiratory	distress,
thrombocytopenia	in	association	with	DIC	has	been	reported.132	As	in	congenital	malaria,	neonates	with
tuberculosis	usually	present	at	the	age	of	2–4	weeks	and	the	diagnosis	is	often	difficult,	requiring
microbial	specimens	from	multiple	sites,	including	gastric	aspirates,	lymph	nodes,	endotracheal
secretions,	bone	marrow	and/or	cerebrospinal	fluid.130

The	numbers	of	cases	of	congenital	syphilis	remain	low	in	many	countries131	but	a	recent	increase	in	some
countries,	including	in	the	USA,	means	that	it	remains	a	concern	in	view	of	the	high	morbidity	and
mortality.133	Neonates	with	congenital	syphilis	typically	present	3–4	weeks	after	birth	with	clinical
features	that	include	rhinitis,	hepatosplenomegaly,	fever,	jaundice,	anaemia,	thrombocytopenia	and	a
characteristic	maculopapular	rash	on	the	palms	and	soles	that	becomes	coppercoloured	with



desquamation.134	Thrombocytopenia	may	be	the	only	sign	of	disease.134	However,	congenital	syphilis	may
also	present	with	hydrops	fetalis131,134	and	a	study	of	fetal	syphilis	has	shown	that	just	over	onethird	of
fetuses	have	thrombocytopenia.135	The	hepatosplenomegaly	results	from	infiltration	by	the	causative
organisms	(Treponema	pallidum)136,137	and/or	extramedullary	haemopoiesis	and	some	affected	neonates
also	have	a	‘blueberry	muffin’	rash.131

Neonatal	thrombocytopenia	associated	with	chromosomal	abnormalities
Fetal	thrombocytopenia	is	common	in	aneuploidy.	Hohlfeld	et	al.117	reported	frequencies	of	86%	for
trisomy	18,	31%	for	trisomy	13,	75%	for	triploidy	and	31%	for	Turner	syndrome	at	fetal	diagnosis.
Thrombocytopenia	was	rarely	severe,	with	a	platelet	count	of	less	than	50	×	109/l	seen	in	only	one	of	the
43	fetal	cases	reported.	Thrombocytopenia	is	also	common	in	neonates	with	trisomy	13	and	trisomy	18.
Wiedmeier	and	colleagues	reported	that	thrombocytopenia	was	the	most	common	haematological
abnormality	detected	in	a	retrospective	study	of	50	neonates	(22	with	trisomy	13	and	28	with	trisomy	18),
although	full	blood	counts	were	only	performed	in	24	of	them.138	Of	the	12	neonates	with	trisomy	13
where	a	platelet	count	was	obtained,	9	(75%)	were	thrombocytopenic	but	only	1	developed	severe
thrombocytopenia	(platelet	count	less	than	50	×	109/l).	Similarly,	of	the	12	neonates	with	trisomy	18,
thrombocytopenia	was	recorded	in	10	(83%)	and	almost	all	the	platelet	counts	were	more	than	50	×	109/l.
Thrombocytopenia	is	also	reported	in	neonates	with	partial	trisomies,	such	as	isochromosome	18q.139
The	natural	history	of	thrombocytopenia	associated	with	trisomy	13	or	trisomy	18	is	not	known	because
the	vast	majority	of	neonates	do	not	survive	beyond	the	first	few	months	of	life.140	The	mechanism	of	the
thrombocytopenia	is	also	not	known,	although	the	pathogenesis	may	be	similar	to	that	seen	in	neonates
with	IUGR,	given	that	the	majority	of	neonates	with	trisomy	13	and	trisomy	18	also	have	IUGR.	However,
in	contrast	to	the	high	Hb	and	NRBC	values	seen	in	neonates	with	IUGR,	the	majority	of	neonates	with
trisomy	13	and	trisomy	18	had	normal	Hb	and	NRBC	values.138

The	most	common	chromosomal	abnormality	associated	with	neonatal	thrombocytopenia	is	trisomy	21
(Down	syndrome).	A	recent	large	prospective	study	reported	thrombocytopenia	in	51.8%	of	a	cohort	of
200	neonates.141	Approximately	10%	of	neonates	with	Down	syndrome	develop	a	clonal	preleukaemic
condition	called	transient	abnormal	myelopoiesis	(TAM),	also	known	as	transient	myeloproliferative
disorder,	which	is	characterised	by	increased	peripheral	blood	myeloblasts	and	megakaryoblasts,
abnormal	megakaryocytes	and	variable	thrombocytopenia	(discussed	in	more	detail	in	Chapter	3).	TAM
is	caused	by	somatic	mutations	in	the	GATA1	gene,	which	encodes	a	transcription	factor	essential	for
normal	red	blood	cell	and	platelet	production.	An	additional	15%	of	Down	syndrome	neonates	have	a
clinically	and	haematologically	silent	disease	(‘silent	TAM’)	in	which	the	percentage	of	peripheral	blood
blasts	is	≤10%	and	the	mutant	GATA1	clone	is	small.141	However,	as	the	frequency	of	neonatal
thrombocytopenia	in	Down	syndrome	is	the	same	whether	GATA1	mutations	are	present	or	not,	the
presence	of	thrombocytopenia	in	a	neonate	with	Down	syndrome	is	not	evidence	suggestive	of	TAM	or
silent	TAM.

Inherited	thrombocytopenia
The	number	of	known	causes	of	inherited	thrombocytopenia	has	grown	very	rapidly	in	recent	years	with
increasing	use	of	next	generation	sequencing	and	the	formation	of	national	and	international	consortia	that
together	facilitate	the	identification	and	characterisation	of	previously	unexplained	familial
thrombocytopenias.142,143	Almost	100	bleeding,	thrombotic	and	platelet	disorder	genes	have	now	been
definitively	identified	and	validated	for	clinical	diagnostics144	(see	also



https://www.isth.org/page/GinTh_GeneLists).	In	neonates,	inherited	thrombocytopenias	typically	present
either	in	the	context	of	a	more	complex	genetic	disorder	where	the	main	features	at	birth	are	congenital
anomalies	(syndromic	inherited	thrombocytopenias)	or	they	present	with	isolated	thrombocytopenia,
usually	because	of	bleeding	but	sometimes	as	an	incidental	finding	(reviewed	in	references	3	and	145).	In
the	majority	of	cases,	thrombocytopenia	occurs	as	a	result	of	impaired	megakaryopoiesis	and/or	abnormal
stem	cell	development.	These	include	several	of	the	disorders	known	collectively	as	inherited	bone
marrow	failure	syndromes	(IBMFS),	such	as	Fanconi	anaemia	and	dyskeratosis	congenita,	which	may
present	with	thrombocytopenia	even	though	the	other	haemopoietic	lineages	are	also	affected.	Although
the	IBMFS	very	rarely	have	haematological	problems	in	the	neonatal	period,	the	pattern	of	congenital
anomalies	present	at	birth	may	suggest	the	diagnosis	and	prompt	specific	investigations.146	In	the	absence
of	congenital	anomalies,	a	key	clue	to	a	diagnosis	of	inherited	thrombocytopenia	is	thrombocytopenia	that
is	present	at	birth	and	that	persists	in	the	absence	of	other	causes	for	the	thrombocytopenia,	such	as	sepsis
or	NEC.
The	principal	inherited	thrombocytopenias	that	present	in	the	neonate,	rather	than	later	in	childhood,	are
discussed	here	(see	also	Table	4.4	for	disorders	presenting	with	isolated	thrombocytopenia,	Table	4.5	for
syndromic	disorders	and	Table	4.6	for	inherited	thrombocytopenias	associated	with	leukaemia	and	bone
marrow	failure).	All	of	these	disorders	are	rare.	However,	precise	diagnosis	has	become	more
straightforward	with	the	introduction	of	next	generation	sequencing	into	routine	diagnosis	in	many
countries	although	great	care	has	to	be	taken	to	make	sure	that	novel	variants	are	fully	validated.143,144,147
Since	several	of	these	disorders	include	increased	susceptibility	to	other	severe	haematological
disorders,	including	bone	marrow	failure	and	leukaemia,	it	is	important	to	establish	the	genetic	basis	for
any	unexplained	familial	thrombocytopenia	whenever	possible	(reviewed	in	references	148	and	149).

https://www.isth.org/page/GinTh_GeneLists


Table	4.4	Inherited	thrombocytopenias	that	may	present	in	neonates	as	isolated	thrombocytopenia

Disease Gene Comments
Bernard–Soulier	syndrome GP1BA*	

GP1BB*	
GP9

Autosomal	recessive	(*	rare	autosomal
dominant	forms	reported)
Macrothrombocytopenia
Impaired	platelet	function

FLI1related	thrombocytopenia FLI1 Autosomal	recessive,	autosomal	dominant	or
contiguous	gene	syndrome,
Macrothrombocytopenia,	giant	α	granules
Impaired	platelet	function

FYBrelated	thrombocytopenia FYB1 Autosomal	recessive,	small	platelets
Grey	platelet	syndrome NBEAL2 Autosomal	recessive	Macrothrombocytopenia

Impaired	platelet	function
ITGA2B/ITGB3related
thrombocytopenia	(Glanzmann
thrombasthenia	variant)

ITGA2B/ITGB3 Autosomal	dominant	and	recessive	forms
Macrothrombocytopenia
Impaired	platelet	function

PRKACGrelated	thrombocytopenia PRKACG Autosomal	recessive,	macrothrombocytopenia
Impaired	platelet	function

Thrombocytopenia	presenting	from
infancy

Mild	to	moderate	bleeding/bruising

GFI1Brelated GFI1B Autosomal	dominant	or	recessive
PTPRJrelated PTPRJ Autosomal	recessive
SLFN14related SLFN14 Autosomal	dominant
Mild	thrombocytopenias All	autosomal	dominantAll	autosomal	dominant

No	neonatal	problems	reportedACTN1related ACTN1
CYCSrelated CYCS
IKZF5related IKZF5
TRPM7related TRPM7
TPM4related TRM4
THPOrelated THPO
TUBB1related TUBB1

Nonsyndromic	inherited	thrombocytopenia	presenting	as	isolated	thrombocytopenia
With	the	exception	of	Bernard–Soulier	syndrome	(BSS),	most	of	the	inherited	thrombocytopenias	that
present	as	isolated	thrombocytopenia	(Table	4.4)	are	rarely	recognised	in	the	neonatal	period	unless	there
is	a	family	history.	In	all	of	these	disorders	the	severity	of	bleeding	correlates	with	the	degree	of
thrombocytopenia	unless	there	is	associated	platelet	dysfunction	as	seen,	for	example,	in	BSS	and	the	grey
platelet	syndrome.150



Table	4.5	Syndromic	inherited	thrombocytopenias	that	may	present	in	the	neonatal	period

Disease Gene Comment
Chédiak–Higashi
syndrome

LYST Autosomal	recessive
Partial	oculocutaneous	albinism,	predisposition	to	pyogenic	infections,
abnormal	large	granules	in	many	cells,	impaired	platelet	function;
usually	presents	in	infancy	but	bleeding	in	neonates	has	been	reported

FLNAassociated
thrombocytopenia

FLNA Xlinked,	neonatal	lung	disease
Otopalatodigital	spectrum	disorders
Brain	periventricular	nodular	heterotopia
Thrombocytopenia	may	develop	later

Jacobsen
syndrome/Paris–
Trousseau
thrombocytopenia

Deletions
at	11q23

Autosomal	dominant
IUGR,	developmental	delay,	craniofacial	abnormalities,	malformations
of	the	heart,	gastrointestinal	tract,	urinary	tract,	CNS	and/or	skeleton;
immunodeficiency
Impaired	platelet	function

MYH9related
thrombocytopenia

MYH9 Autosomal	dominant,	Macrothrombocytopenia
Most	patients	develop	sensorineural	deafness	(60%),	nephropathy
(30%)	and/or	cataracts	(20%)
Neutrophils	show	Döhle	bodylike	inclusions

Stormorken
syndrome/York
platelet	syndrome

STIM1 Autosomal	dominant,	tubular	aggregate	myopathy
Impaired	platelet	function
Mild	anaemia,	asplenia,	miosis,	ichthyosis

Thrombocytopenia
absent	radii
syndrome

RBM8A Autosomal	recessive,	bilateral	radial	aplasia
Renal,	cardiac	±	CNS	malformations
Cow’s	milk	intolerance
Platelet	count	may	rise	over	time

Wiskott–Aldrich
syndrome	and	X
linked
thrombocytopenia

WAS Xlinked,	immunodeficiency
Small	or	normal	sized	platelets

Xlinked
thrombocytopenia
with	GATA1	mutation

GATA1 Xlinked,	macrothrombocytopenia
Anaemia	–	dyserythropoietic	or	thalassaemic

CNS,	central	nervous	system;	IUGR,	intrauterine	growth	retardation.

Bernard–Soulier	syndrome
Bernard–Soulier	syndrome,	one	of	the	best	recognised	inherited	platelet	disorders,	not	infrequently
presents	with	mild	or	moderate	thrombocytopenia	in	the	neonatal	period.	BSS	is	usually	an	autosomal
recessive	disorder	caused	by	qualitative	or	quantitative	defects	of	the	glycoprotein	(Gp)IbIXV
complex,	a	platelet	receptor	for	von	Willebrand	factor	(VWF),	due	to	mutations	in	one	of	the	genes
encoding	components	of	the	complex.145	To	date,	biallelic	mutations	in	three	of	these	genes	–	 GP1BA,
GP1BB	and	GP9	–	have	been	described.151	Occasional	cases	of	autosomal	dominant	BSS	have	also	been
reported.152



Table	4.6	Inherited	thrombocytopenias	associated	with	predisposition	to	leukaemia,	bone	marrow	failure
or	both

Disease Gene Comment
Congenital	amegakaryocytic
thrombocytopenia

MPL	
THPO
(rarely)

Autosomal	recessive
All	patients	develop	progressive	bone	marrow
failure	(aplastic	anaemia)

Familial	platelet	disorder	with
predisposition	to	AML

RUNX1 Autosomal	dominant
Normal	sized	platelets
>40%	develop	AML,	25%	develop	ALL

ANKRD26related	thrombocytopenia ANKRD26 Autosomal	dominant
Normal	sized	platelets
~10%	develop	myeloid	malignancies

ETV6related	thrombocytopenia ETV6 Autosomal	dominant
Normal	sized	platelets
~30%	develop	myeloid	malignancies,	especially
ALL

Radioulnar	synostosis	with
amegakaryocytic	thrombocytopenia

HOXA11 Autosomal	dominant
Possible	evolution	to	aplastic	anaemia

MECOMassociated	syndrome MECOM Autosomal	dominant
Almost	all	patients	develop	bone	marrow	failure
(aplastic	anaemia)

Inherited	bone	marrow	failure	syndromes
(trilineage)
Fanconi	anaemia 22	genes Autosomal	recessive,	occasionally	Xlinked
Dyskeratosis	congenita 16	genes Xlinked,	autosomal	recessive	or	autosomal

dominant
ALL,	acute	lymphoblastic	leukaemia;	AML,	acute	myeloid	leukaemia.

Bleeding	is	not	usually	severe	in	the	neonatal	period	but	can	occur	and	is	typically	mucocutaneous,	such
as	bruising,	purpura	or	bleeding	associated	with	minor	procedures.153,154	The	key	diagnostic	sign	of	BSS
is	the	presence	of	macrothrombocytopenia	on	automated	analysers	and	the	presence	of	platelets	that	often
appear	larger	than,	or	the	same	size	as,	red	blood	cells	in	the	blood	film.151	The	platelet	count	is	usually
in	the	20–100	×	109/l	range	and	often	fluctuates.155	The	automated	platelet	count	may	underestimate	the
true	platelet	count	because	of	the	large	size	of	the	platelets,	and	where	there	is	a	discrepancy	with	the
blood	film	appearance,	the	platelet	count	may	need	to	be	performed	manually.	The	other	most	useful
initial	investigation	in	the	neonatal	period	is	demonstration	of	reduced	expression	of	the	GpIbIXV
complex	by	platelet	flow	cytometry	using	markers	for	GpIX	(CD42a)	and	GpIbα	(CD42b).156	Treatment
by	platelet	transfusion	is	effective	but	should	be	reserved	for	lifethreatening	haemorrhage	since
transfused	patients	may	form	alloantibodies	against	GpIb,	GpIX	or	GpV.156	Indeed,	platelet	alloantibodies
are	a	cause	of	FNAIT	in	offspring	of	mothers	with	BSS.157

Other	causes	of	isolated	inherited	thrombocytopenia	presenting	in	the	neonatal	period
Around	half	of	the	known	genetic	causes	of	isolated	thrombocytopenia	have	been	known	to	present



occasionally	in	neonates	with	a	history	of	bleeding	and/or	thrombocytopenia,	including	FLI1related
thrombocytopenia,158	FYBrelated	thrombocytopenia,159	grey	platelet	syndrome	due	to	mutations	in
NBEAL2,160	ITGA2B/ITGB3related	thrombocytopenia161	and	PRKACGrelated	thrombocytopenia.162
Mutations	in	the	GFI1b	and	SLFN14	genes	can	also	present	in	early	childhood,	with	at	least	one	case	of
each	disease	reported	to	have	had	recurrent	episodes	of	minor	bleeding	since	infancy.163,164	Other,	usually
milder,	autosomal	dominant	forms	of	inherited	thrombocytopenia,	such	as	ACTN1related,	CYCSrelated
and	IKZF5,	THPO,	TRPM7,	TPM4	and	TUBB1related	thrombocytopenia	have	not	yet	been	documented
to	present	in	the	neonatal	period.145,165

Syndromic	inherited	thrombocytopenias	that	may	present	in	the	neonatal	period
A	number	of	inherited	thrombocytopenias	can	present	with	syndromic	features	during	the	neonatal	period
(Table	4.5).	These	include	Wiskott–Aldrich	syndrome	and	its	variants,	Xlinked	thrombocytopenia	due
to	GATA1	mutations,	thrombocytopenia	with	absent	radii	(TAR)	syndrome,	Stormorken	syndrome	and
FLNAassociated	thrombocytopenia	(reviewed	in	references	145	and	149).	For	other	disorders,	such	as
Chédiak–Higashi	syndrome	(CHS),	the	disease	usually	presents	later	in	infancy	although	neonatal	cases
have	been	reported.166,167

Chédiak–Higashi	syndrome
Chédiak–Higashi	syndrome	is	caused	by	biallelic	mutations	in	the	lysosomal	trafficking	regulator
(LYST)	gene168	and	carries	a	high	risk	of	progression	to	HLH.167	A	recent	singlecentre	study	of	14
patients	found	that	onethird	of	the	cases	presented	at	or	within	1	month	of	birth	and	that	the	median	age
at	which	clinical	signs	appeared	was	2	months.167	CHS	is	characterised	by	a	combination	of	partial
oculocutaneous	albinism,	photosensitivity	and	frequent	bacterial	infections.	Often	the	first	clinical	signs
are	the	abnormalities	in	skin	and	hair	colour	and	13	of	14	children	in	the	recent	study	by	Carneiro	et	al.167
were	noted	to	have	silvery	hair.	Bleeding	problems	usually	develop	in	infants	rather	than	the	newborn,
although	occasional	cases	have	been	reported	in	association	with	a	known	family	history.166	Bleeding	is
generally	attributed	to	the	platelet	storage	pool	defect	rather	than	thrombocytopenia,	which	may	not
develop	until	much	later.169	The	diagnosis	is	established	by	the	presence	of	giant	granules	within
neutrophils	in	a	peripheral	blood	film	and	is	confirmed	by	molecular	genetic	testing	for	LYST	mutation.

FLNA	associated	thrombocytopenia
This	rare	Xlinked	disorder	is	caused	by	mutations	in	the	 FLNA	(filamin	A)	gene	and	has	been	clearly
shown	to	cause	thrombocytopenia	in	adults.170,171	However,	FLNAassociated	disease	in	neonates	presents
with	severe	interstitial	lung	disease	together	with	otopalatodigital	spectrum	disorders,	congenital	heart
disease	and/or	brain	periventricular	nodular	heterotopia.	The	perinatal	mortality	due	to	these	non
haematological	complications	is	very	high	and	the	presence	of	thrombocytopenia	is	not	reported	in	most
of	these	cases	even	though	it	may	be	a	feature	in	adult	survivors.172	The	absence	of	a	bleeding	history,
despite	many	of	these	affected	neonates	being	extremely	unwell,	suggests	that	even	if	thrombocytopenia	is
present	in	the	neonatal	period	it	is	unlikely	to	be	clinically	significant.171,172

Jacobsen	syndrome/Paris–Trousseau	thrombocytopenia
The	Paris–Trousseau	syndrome	describes	the	congenital	platelet	disorder	found	in	more	than	90%	of
patients	with	Jacobsen	syndrome;	the	remaining	10%	or	so	of	patients	having	syndromic	features	but
without	the	platelet	abnormalities.173	Jacobsen	syndrome	is	caused	by	deletion	of	part	of	the	long	arm	of



chromosome	11	(11q23.3);	this	contains	the	FLI1	and	ETS1	genes	but	their	role	in	the	pathogenesis	of	the
condition	is	not	clear.158	The	platelet	disorder	is	characterised	by	macrothrombocytopenia	with
dysmegakaryopoiesis.	More	than	25	cases	have	been	reported	in	which	presentation	of	Jacobsen
syndrome	was	before	or	shortly	after	birth;	the	majority	of	these	were	thrombocytopenic.174,175	The
severity	of	the	clinical	manifestation	depends	on	the	extent	of	the	11q23	deletion	and	can	include	IUGR,
developmental	delay,	malformations	of	the	heart,	gastrointestinal	tract,	urinary	tract	and	CNS,	and
immunodeficiency	as	well	as	thrombocytopenia.173,176	Around	20%	of	patients	die	during	the	first	2	years
of	life	either	from	congenital	heart	disease,	which	is	often	severe,	or	less	commonly	from	bleeding.176	As
with	several	other	inherited	platelet	disorders,	in	infants	that	survive	the	platelet	count	may	spontaneously
improve	over	the	first	few	years	of	life,	although	the	longterm	outlook	is	unknown. 176

MYH9	related	thrombocytopenia
A	number	of	rare	giant	platelet	syndromes	caused	by	mutations	in	the	MYH9	gene	can	present	with
thrombocytopenia	in	the	neonate	or	fetus.177	The	MYH9related	diseases	include	the	conditions	previously
known	as	May–Hegglin	anomaly,	Epstein	syndrome,	Fechtner	syndrome	and	Sebastian	syndrome.	These
syndromes	are	autosomal	dominant	and	characterised	by	macrothrombocytopenia	and	a	high	risk	of
developing	deafness	(about	60%),	nephropathy	(about	30%)	and	cataracts	(about	20%)	during	childhood
or	later	in	life.177	The	platelet	count	varies	from	less	than	20	×	109/l	up	to	normal,	but	is	usually	40–80	×
109/l.	Although	MYH9related	thrombocytopenia	usually	presents	in	older	children,	thrombocytopenia	may
be	severe	enough	to	cause	fetal	or	neonatal	ICH,178,179	leading	to	misdiagnosis	as	FNAIT.180	The
diagnosis	is	made	by	observation	of	Döhlelike	bodies	in	neutrophils	together	with	giant	platelets,	which
may	cause	inaccurate	automated	platelet	counts.

Stormorken	syndrome	and	York	platelet	syndrome
Both	Stormorken	syndrome	and	York	platelet	syndrome	are	caused	by	heterozygous	gainoffunction
mutations	in	the	STIM1	gene,	which	encodes	a	calcium	channel	regulating	protein.	Both	syndromes	are
characterised	by	tubular	aggregate	myopathy,	thrombocytopenia,	hyposplenism	or	asplenia,	miosis,	short
stature,	migraine	and	ichthyosis	and	have	variable	presentations	in	different	patients.	Several	families	in
which	the	thrombocytopenia	was	present	in	the	neonatal	period	have	been	described	and	where	the
thrombocytopenia	preceded	signs	of	myopathy	both	in	Stormorken	syndrome181	and	in	York	platelet
syndrome.182	In	these	cases	the	neonatal	thrombocytopenia	was	severe	and	in	one	case	was	accompanied
by	petechiae	and	intraventricular	haemorrhage.	Electron	microscopy	of	platelets	from	patients	with	York
platelet	syndrome	shows	characteristic	ultrastructural	platelet	abnormalities	including	giant	organelles
and	multilayered	target	bodies	as	well	as	deficiency	of	platelet	calcium	storage	in	the	delta	granules. 182

Lossoffunction	mutations	in	 STIM1	are	also	reported	but	cause	a	different	spectrum	of	disease
characterised	by	immunodeficiency,	muscle	hypotonia,	hepatosplenomegaly,	autoimmune	haemolytic
anaemia	and	intermittent,	immunerelated	thrombocytopenia	which	has	occasionally	been	reported	to
present	within	the	neonatal	period.183

Thrombocytopenia	with	absent	radii	syndrome
Thrombocytopenia	with	absent	radii	(reviewed	in	reference	3)	is	characterised	by	bilateral	absence	of
the	radii;	both	thumbs	are	present,	which	may	be	useful	in	making	a	distinction	from	Fanconi	anaemia.
Most	babies	with	TAR	syndrome	develop	thrombocytopenia	within	the	first	week	of	life.	The	platelet
count	is	usually	less	than	50	×	109/l	and	the	white	cell	count	is	elevated	in	more	than	90%	of	patients,
sometimes	exceeding	100	×	109/l	and	mimicking	congenital	leukaemia.	There	may	be	anaemia	and



eosinophilia.	There	is	a	high	frequency	of	associated	abnormalities,	particularly	cow’s	milk	intolerance,
facial	dysmorphism	and	lower	limb	anomalies.184	Although	older	studies	have	reported	high	infant
mortality	in	TAR	syndrome,	in	the	study	by	Greenhalgh	and	colleagues	only	2	of	the	34	patients	died	and
only	1	of	these	was	due	to	major	bleeding	(ICH),184	while	a	recent	study	of	26	cases	of	TAR	documented
only	a	single	death,	due	to	neonatal	sepsis	at	the	age	of	3	weeks.185	Those	infants	that	survive	the	first
year	of	life	generally	do	well,	because	the	platelet	count	improves	spontaneously	and	is	usually
maintained	at	low	normal	levels	thereafter.	Inheritance	of	the	TAR	syndrome	is	complex.	Both	apparently
autosomal	recessive	and	autosomal	dominant	inheritance	patterns	occur.	The	majority	of	cases	of
apparently	autosomal	recessive	disease	are	due	to	coexistence	of	a	microdeletion	(either	inherited	or	de
novo)	of	chromosome	1q21	including	the	RBM8A	gene	and	one	of	two	rare	polymorphisms	in	the	non
coding	region	of	the	other	RBM8A	gene,	a	gene	which	is	involved	in	RNA	processing.185,186	However,
occasional	children	with	the	same	molecular	abnormalities	and	a	TARlike	phenotype	but	without
neonatal	thrombocytopenia	have	recently	been	described187	and	it	is	not	clear	how	this	genetic
abnormality	causes	the	thrombocytopenia	and	nonhaematological	features	of	TAR	syndrome.

Wiskott–Aldrich	syndrome	and	Xlinked	thrombocytopenia
Wiskott–Aldrich	syndrome	and	Xlinked	thrombocytopenia	(XLT)	together	form	a	spectrum	of	disorders
caused	by	mutations	in	the	Wiskott–Aldrich	syndrome	protein	gene	(WAS)	on	the	short	arm	of	the	X
chromosome	(Xp1112).	 Over	300	different	mutations	have	been	identified.188	The	syndrome	typically
presents	as	microthrombocytopenia,	eczema,	recurrent	infections	and/or	increased	susceptibility	to
autoimmune	disorders	in	a	male	infant.189	Although	Wiskott–Aldrich	syndrome	typically	presents	in
infancy,	some	cases	do	present	with	thrombocytopenia	in	the	neonatal	period,	usually	without
bleeding,190,191	although	bleeding	after	circumcision	in	the	neonatal	period	has	been	reported.192	Later	in
infancy,	the	bleeding	may	be	severe	and	may	include	gastrointestinal	haemorrhage	and	purpura.189
Bleeding	is	due	both	to	the	degree	of	thrombocytopenia	and	to	abnormal	platelet	function.	XLT	causes	a
milder,	isolated	thrombocytopenia.193

Xlinked	thrombocytopenia	due	to	GATA1	mutation
In	addition	to	contributing	to	TAM	and	acute	megakaryoblastic	leukaemia	seen	specifically	in	children
with	Down	syndrome	(see	earlier),	GATA1	mutations	also	cause	two	different	forms	of	inherited
thrombocytopenia,	which	differ	mainly	in	their	associated	red	cell	abnormalities:	XLT	with
dyserythropoiesis	and	XLT	with	β	thalassaemia	(reviewed	in	reference	194).	XLT	with
dyserythropoiesis,	which	is	caused	by	mutations	in	GATA1	that	affect	binding	to	its	cofactor	FOG1,	can
present	either	at	birth,	with	bleeding	secondary	to	severe	thrombocytopenia,	or	as	fetal	hydrops	secondary
to	the	dyserythropoietic	anaemia.195,196	XLT	with	β	thalassaemia	is	caused	by	mutations	in	the	N
terminal	zinc	finger	of	GATA1,	which	affects	DNA	binding,194	and	presents	towards	the	end	of	the	first
year	of	life	rather	than	in	the	neonatal	period.197,198

Other	rare	syndromic	inherited	platelet	disorders
Mutations	in	a	number	of	other	genes	with	a	wide	variety	of	clinical	manifestations,	including
thrombocytopenia,	have	also	been	identified,	including	those	in	the	ACTB,	ARPC1B,	CDC42,	GALE,
KDSR	and	MPIG6B	genes.149	Although	thrombocytopenia	during	the	first	year	of	life	is	reported	for	most
of	these	disorders,	information	about	the	presentation	of	these	disorders,	which	are	all	very	rare,	in	the
neonatal	period	is	sparse.



Inherited	thrombocytopenias	associated	with	predisposition	to	leukaemia	and	bone
marrow	failure
There	is	a	range	of	inherited	thrombocytopenias	that	are	now	known	to	predispose	to	other	severe
haematological	disorders,	including	leukaemia,	bone	marrow	failure	(aplastic	anaemia)	and
myelofibrosis	(Table	4.6).	Almost	all	patients	with	congenital	amegakaryocytic	thrombocytopenia
(CAMT)	and	an	unknown	proportion	of	those	with	radioulnar	synostosis	with	amegakaryocytic
thrombocytopenia	(RUSAT1)	progress	to	bone	marrow	failure,199,200	as	does	MECOMassociated
syndrome.201	All	of	these	disorders	are	briefly	summarised	below	as	they	typically	present	during	the
neonatal	period.	Several	disorders	that	initially	present	as	isolated	thrombocytopenia	have	a	very
significant	risk	of	subsequent	evolution	to	acute	leukaemia,	particularly	familial	platelet	disorder	with
propensity	to	acute	myeloid	leukaemia	(FPD/AML),202,203	ETV6related	thrombocytopenia204	and
ANKRD26related	thrombocytopenia.177,205	These	disorders	more	often	present	later	in	childhood	unless	a
family	history	leads	to	specific	screening	tests	and	earlier	diagnosis.

Congenital	amegakaryocytic	thrombocytopenia
Congenital	amegakaryocytic	thrombocytopenia	is	an	autosomal	recessive	disorder	that	typically	presents
at	birth	with	petechiae	and/or	other	evidence	of	bleeding,	thrombocytopenia	and	morphologically	normal
platelets.199	The	platelet	count	is	usually	less	than	20	×	109/l	at	birth	and	the	bone	marrow	shows	normal
cellularity	with	a	specific	reduction	in	megakaryocytes.	A	recent	series	of	56	patients	with	CAMT	found
that	43	(77%)	had	thrombocytopenia	at	birth	and	most	of	the	affected	babies	had	purpura	and/or
petechiae.206	However,	10%	of	the	neonates	had	severe	bleeding	including	ICH	and	haematemesis.
Physical	anomalies	are	present	in	around	50%	of	babies,	including	CNS	and	eye	anomalies,
developmental	delay	and	craniofacial	abnormalities.206	Although	the	thrombocytopenia	in	CAMT	is
usually	isolated,	in	the	series	described	by	Germeshausen	and	Ballmaier,206	4	of	56	patients	(7%)	were
also	anaemic	at	birth.

In	the	majority	of	patients	CAMT	is	caused	by	mutation	in	the	MPL	gene,	encoding	the	thrombopoietin
receptor	(reviewed	in	references	200	and	206)	or,	more	rarely,	in	the	thrombopoietin	gene	(THPO).207
Diagnosis	by	platelet	flow	cytometry	is	feasible	but	unreliable	and	genetic	confirmation	is	advisable	both
because	of	the	risk	of	leukaemia	and	aplasia	and	also	to	identify	cases	with	mutations	in	THPO,	as	these
children	respond	to	treatment	with	thrombopoietin	mimetics.207	Almost	all	CAMT	patients	subsequently
develop	aplastic	anaemia	and	the	only	curative	treatment	is	haemopoietic	stem	cell	transplantation,	which
is	successful	in	around	80%	of	cases.208	Occasional	cases	of	clonal	chromosomal	abnormalities	have
been	described,209	suggesting	that	these	children	may	be	at	risk	of	developing	myelodysplasia	and	acute
myeloid	leukaemia	(AML)	but	the	only	case	of	leukaemia	reported	to	date	was	a	B	acute	lymphoblastic
leukaemia	(ALL).210	Rarely,	pancytopenia	develops	in	the	first	month	of	life.211	The	only	treatment	for
CAMT	in	the	neonatal	period	is	platelet	transfusion	for	bleeding	episodes.

Inherited	thrombocytopenias	with	increased	susceptibility	to	leukaemia	(FPD/AML,
ANKRD26	related	thrombocytopenia	and	ETV6	related	thrombocytopenia)
This	group	of	inherited	thrombocytopenias	carry	a	risk	of	subsequent	development	of	leukaemia	that
varies	from	over	40%	in	FPD/AML,	which	is	caused	by	mutations	in	the	RUNX1	transcription	factor
gene,	to	25–30%	in	ETV6related	thrombocytopenia	and	8–10%	in	ANKRD26related
thrombocytopenia.177202–205	All	three	disorders	are	autosomal	dominant	and	present	with	mild	to
moderate	thrombocytopenia	with	little	or	no	associated	bleeding.212	Although	most	cases	present	in



adulthood,	cases	of	persistent	neonatal	thrombocytopenia	are	reported,213,214	the	diagnosis	often	prompted
by	a	family	history	that	leads	to	a	full	blood	count	being	performed.215	The	first	comprehensive	RUNX1
germline	registry	has	recently	been	established	to	act	as	a	reference	source	to	assess	the	clinical	and
prognostic	significance	of	RUNX1	variants,	including	those	identified	in	FPD/AML	cases.216,217	The
leukaemias	generally	present	in	adulthood	and,	in	families	with	ETV6related	thrombocytopenia	and
FPD/AML,	ALL	is	reported	as	well	as	AML	and	myelodysplastic	syndromes.204,215	As
thrombocytopeniarelated	bleeding	is	usually	mild	or	absent,	the	main	value	of	making	the	diagnosis	in
the	neonatal	period	is	to	put	in	place	haematological	followup	and	accurate	genetic	counselling. 212

Radioulnar	synostosis:	amegakaryocytic	thrombocytopenia	and	MECOM	syndrome
Patients	with	amegakaryocytic	thrombocytopenia	and	radioulnar	synostosis	(ATRUS)	present	at	birth
with	severe	thrombocytopenia,	virtually	absent	bone	marrow	megakaryocytes	and	characteristic	skeletal
abnormalities.	In	addition	to	the	radioulnar	synostosis,	affected	infants	may	have	clinodactyly	and
shallow	acetabulae.	Two	kindreds	show	that	ATRUS	is	caused	by	mutation	in	the	HOXA11	gene	that
results	in	disruption	of	DNA	binding.218	A	second	disorder	in	which	radioulnar	synostosis	is	associated
with	inherited	thrombocytopenia	is	MECOM	syndrome	due	to	mutations	in	MECOM,	the	gene	that
encodes	the	transcriptional	regulators	EVI1	and	MDS1EVI1. 201	This	condition	may	present	in	the
neonatal	period	with	severe	macrocytic	anaemia	and	very	severe	thrombocytopenia	(platelets	less	than	10
×	109/l).201,219

Other	rare	inherited	thrombocytopenias	presenting	in	the	neonatal	period
A	severe	form	of	inherited	thrombocytopenia	has	recently	been	shown	to	be	caused	by	mutations	in	the
GNE	gene	that	encodes	an	enzyme	important	in	sialic	acid	biosynthesis	(UDP Nacetylglucosamine	2
epimerase/Nacetylmannosamine	kinase).220,221	While	some	families	also	have	a	congenital	myopathy
others	have	isolated	thrombocytopenia	without	any	evidence	of	other	associated	disease.220,221	Several	of
the	cases	have	presented	in	the	neonatal	period	and	are	notable	because	of	the	severity	of	the
thrombocytopenia	(platelet	count	less	than	10	×	109/l)	and,	while	bleeding	has	been	reported	to	be
minor,221	at	least	one	neonate	had	bilateral	intraventricular	haemorrhages	and	longterm
neurodevelopmental	delay.220	DIAPH1related	thrombocytopenia	is	a	rare	form	of	autosomal	dominant
thrombocytopenia	in	which,	like	MYH9related	disease,	patients	are	at	risk	of	developing	sensorineural
deafness	during	infancy	and	some	also	develop	mild	transient	leucopenia.222	Cases	presenting	with
bleeding	or	thrombocytopenia	in	the	neonatal	period	have	not	yet	been	reported.	Although	SRCrelated
thrombocytopenia	is	mainly	recognised	in	adults	and	children	and,	importantly,	is	associated	with
childhood	myelofibrosis,149,223	a	recent	case	of	an	affected	neonate	with	an	autosomal	dominant	gain
offunction	mutation	in	the	 SRC	gene	has	been	reported	where	the	thrombocytopenia	was	moderate	and
associated	with	bilateral	cephalohaematomata	followed,	at	the	age	of	3	months,	by	a	stroke.224

Investigation	of	neonatal	thrombocytopenia
We	recommend	a	pragmatic	approach	to	investigating	neonatal	thrombocytopenia,	based	on	gestational
age	and	age	at	presentation,	to	limit	overinvestigation	of	mild	or	selflimiting	cases.	 Figures	4.1	and
4.2	show	a	practical	diagnostic	algorithm,	which	can	be	applied	to	the	diagnosis	and	investigation	of
thrombocytopenia	in	preterm	and	term	neonates,	respectively.	The	sequence	of	diagnostic	investigations
differs	in	preterm	neonates	compared	with	term	neonates	because	of	the	most	frequent	causes	of	neonatal
thrombocytopenia	are	also	different	in	preterm	neonates	from	those	in	term	neonates.	For	example,



isolated	thrombocytopenia	in	a	term	neonate	should	immediately	raise	suspicion	of	possible	FNAIT
whereas	in	preterm	neonates	FNAIT	is	usually	considered	only	after	other	more	frequent	causes,	such	as
infection,	have	been	excluded	(Case	4.3,	see	page	231).	The	cause	of	each	episode	can	usually	be
determined	by	a	combination	of	the	clinical	history,	the	timing	of	the	onset	of	thrombocytopenia	(Tables
4.1	and	4.2)	and	the	blood	count	and	film.	A	small	proportion	of	term	and	preterm	neonates	(<1%)	will
have	persistent	thrombocytopenia	and	it	is	these	who	should	have	further	specialised	investigations
performed,	guided	by	the	presence	or	absence	of	dysmorphic	features	or	a	family	history.	The	main	causes
of	inherited	thrombocytopenia	are	shown	in	Tables	4.4–4.6	and	next	generation	sequencing	is	increasingly
used	as	a	more	rapid,	and	ultimately	cost	effective,	way	of	establishing	a	precise	diagnosis.

Management	of	neonatal	thrombocytopenia
Overall,	most	episodes	of	thrombocytopenia	are	transient,	selflimiting	and	relatively	mild	and	therefore
unlikely	to	have	shortterm	or	longterm	consequences.	 Although	receiving	a	platelet	transfusion	was
reported	in	earlier	studies	to	increase	the	risk	of	death	in	thrombocytopenic	neonates,225	more	recent
studies	show	that	the	relationship	between	platelet	count	and	risk	of	bleeding	is	not	straightforward.14,16,36
The	most	important	clinical	factors	that	affect	the	frequency	of	major	haemorrhage	are	low	birthweight,
prematurity,	thrombocytopenia	developing	in	the	first	10	days	of	life	and	a	diagnosis	of	NEC.14	The	most
common	site	of	major	haemorrhage	in	neonates	is	intracranial	(particularly	intraventricular),	which	is
documented	in	about	5%	of	all	thrombocytopenic	neonates,	while	gastrointestinal	haemorrhage	occurs	in
1–5%,	pulmonary	haemorrhage	in	0.6–5%	and	haematuria	in	1–2%	of	thrombocytopenic	neonates.36	Low
birthweight	preterm	neonates	have	one	of	the	highest	rates	of	ICH	of	any	age	group	(up	to	25%),	and
whether	the	aetiology	of	the	thrombocytopenia	is	immune	or	genetic,	ICH	in	the	perinatal	period	is	often
fatal	or	leads	to	longterm	neurodevelopmental	disability. 5

Indications	for	platelet	transfusion
Platelet	transfusions	remain	the	mainstay	of	treatment	of	neonatal	thrombocytopenia.	The	current	British
Committee	for	Standards	in	Haematology	(BCSH)	guidelines	for	platelet	transfusion67	employ	different
platelet	transfusion	thresholds	for	neonates	predicted	to	be	at	‘high’	or	‘very	high’	risk	of	haemorrhage.
‘High	risk’	neonates	are	those	less	than	28	weeks’	gestation,	or	with	a	birthweight	less	than	1000	g,	or
who	are	clinically	unstable,	are	due	for	planned	surgery,	or	have	minor	bleeding	or	coagulopathy.	In	these
children,	the	transfusion	threshold	of	25	×	109/l	is	currently	recommended.	For	‘very	high	risk’	neonates,
those	with	active	major	haemorrhage,	who	are	considered	to	be	at	a	higher	risk	of	ICH	and	adverse
neurodevelopmental	outcome,	a	threshold	of	50	×	109/l	is	recommended	(Table	4.7).	Although	these
recommendations	remain	a	useful	guide,	there	have	now	been	a	number	of	carefully	conducted	studies	to
evaluate	much	more	precisely	the	clinical	signs	and	consequences	of	thrombocytopenia	in	neonates	and	to
begin	to	define	the	most	appropriate	platelet	transfusion	thresholds	based	on	more	objective	measures.

As	discussed	in	detail	in	several	recent	reviews,	thresholds	for	neonatal	platelet	transfusion	have	been
controversial	for	many	years	and	are	likely	to	continue	to	change	as	data	from	large	randomised	trials
become	available.16,17,226,227	As	an	example	of	the	complexity	of	the	relationship	between	bleeding,
platelet	count	and	platelet	transfusion	in	neonates,	the	recent	PlaNeT2	MATISSE	Collaborators	Trial
involving	more	than	600	preterm	neonates	randomised	to	receive	platelet	transfusion	when	their	platelet
count	fell	below	a	previously	accepted	threshold	of	50	×	109/l	or	to	be	transfused	only	when	their
platelets	fell	below	25	×	109/l,	demonstrated	that	platelet	transfusion	at	the	lower	threshold	of	less	than
25	×	109/l	was	beneficial	both	in	reducing	bleeding	and	the	risk	of	death.16	At	the	same	time,	perhaps



unexpectedly,	the	same	trial	showed	that	transfusing	platelets	to	neonates	using	the	higher	threshold	(i.e.
with	platelet	counts	of	25–49	×	109/l)	was	associated	with	an	increased	risk	of	bleeding	or	death.

Table	4.7	Suggested	thresholds	of	platelet	count	for	neonatal	platelet	transfusion
Adapted	from	reference	67.	New	et	al.	(2016)	Br	J	Haematol,	175,	784–828.	John	Wiley	&	Sons.

Platelet	count
(×10	9	/l)

Indication	for	platelet	transfusion

<25 Neonates	with	no	bleeding	(including	neonates	with	FNAIT	if	no	bleeding	and	no
history	of	ICH	in	a	sibling)

<50 Neonates	with	bleeding,	current	coagulopathy,	before	surgery,	or	infants	with	FNAIT	if
previously	affected	sibling	with	ICH

<100 Neonates	with	major	bleeding	or	requiring	major	surgery	(e.g.	neurosurgery)
ICH,	intracranial	haemorrhage;	FNAIT,	fetal/neonatal	alloimmune	thrombocytopenia.

Platelet	function	disorders
The	principal	causes	of	abnormal	platelet	function	in	the	neonatal	period	are	summarised	in	Table	4.8.
The	majority	of	platelet	function	disorders	in	neonates	are	acquired	and	often	secondary	to	various	types
of	therapy.	Their	true	incidence	is	unknown	as	they	are	rarely	systematically	sought	or	investigated.
Secondary	causes	of	impaired	platelet	function	include	a	number	of	drugs,	such	as	indomethacin,	which	is
widely	used	to	treat	patent	ductus	arteriosus	in	preterm	neonates,228	therapeutic	hypothermia,	which	is
used	to	preserve	cerebral	function	in	neonates	with	perinatal	asphyxia,229	and	extracorporeal	membrane
oxygenation	(ECMO).230	The	inherited	platelet	function	disorders	that	may	present	in	the	neonatal	period
are	rare	and	many	also	cause	thrombocytopenia,	as	discussed	earlier.	Abnormal	platelet	function,	whether
acquired	or	inherited,	manifests	with	bleeding,	particularly	from	mucocutaneous	sites	including	the	nose
and	mouth.	More	severe	blood	loss	may	occur	as	a	result	of	haematuria	or	gastrointestinal	bleeding.
Assessment	of	platelet	function	in	neonates	has	been	notoriously	difficult	because	of	the	large	volumes	of
blood	required	for	platelet	aggregometry	and	the	practical	difficulties	in	performing	and	interpreting	the
bleeding	time,	especially	in	preterm	neonates.	These	approaches	have	largely	been	replaced	by	next
generation	sequencing	using	gene	panels	containing	known	pathogenic	variants	responsible	for	inherited
platelet	function	disorders.143,144



Table	4.8	Causes	of	abnormal	neonatal	platelet	function

Disease Specific	causes
Acquired
Drugs e.g.	indomethacin,	prostacyclin,	sodium	valproate
Therapeutic	procedures e.g.	ECMO,	therapeutic	hypothermia	(for	perinatal	asphyxia)
Uraemia
Inherited
Glanzmann	thrombasthenia Biallelic	 ITGA2B/ITGB3	mutations
Leucocyte	adhesion	deficiency	type	III Biallelic	 FERMT3	mutations
RASGRP2related	disease Biallelic	 RASGRP2	mutations

ECMO,	extracorporeal	membrane	oxygenation.

Inherited	platelet	function	disorders	with	normal	platelet	counts
presenting	in	the	neonate
Inherited	disorders	of	platelet	function	where	the	platelet	count	is	normal	that	may	present	during	the
neonatal	period	include	Glanzmann	thrombasthenia,	leucocyte	adhesion	deficiency	type	III	and	RASGRP2
related	disease.	In	contrast,	the	majority	of	inherited	platelet	function	disorders	present	much	later,	in
adulthood.	although	occasional	cases	of	bleeding	in	infancy	due	to	biallelic	mutations	in	 GP6,	the	gene
encoding	glycoprotein	6,	have	been	reported.231

Glanzmann	thrombasthenia	is	caused	by	biallelic	mutations	in	the	 ITGA2B	or	the	ITGB3	gene.	The
disease	often	presents	with	extensive	purpura	at	or	shortly	after	birth.232	Diagnosis	is	based	on	a
combination	of	the	normal	platelet	count	and	morphology	despite	the	bleeding	phenotype	and	platelet	flow
cytometry	showing	reduced	or	absent	expression	of	glycoprotein	IIb	(CD41)	and	glycoprotein	IIIa
(CD61).	Note	that	patients	with	qualitative	defects	in	glycoproteins	IIb/IIIa	may	have	normal	platelet
glycoprotein	flow	cytometry	profiles.	Genetic	analysis,	preferably	using	a	targeted	next	generation
sequencing	panel,	should	also	be	performed	to	confirm	the	diagnosis.233	Classically,	platelets	from
patients	with	Glanzmann	thrombasthenia	fail	to	aggregate	in	vitro	with	all	agonists	apart	from	ristocetin
but	in	practice	these	tests	are	neither	necessary	nor	feasible	in	neonates.	The	main	differential	diagnoses
to	consider	in	neonates	with	suspected	Glanzmann	thrombasthenia	are	leucocyte	adhesion	deficiency	type
III	and	RASGRP2related	disease,	both	of	which	cause	similar	defects	in	platelet	function	and	also	have
normal	platelet	counts	and	normal	platelet	morphology.

Leucocyte	deficiency	type	III	is	due	to	biallelic	mutations	in	the	 FERMT3	gene,	which	causes	an
activation	defect	of	βintegrins	on	both	platelets	and	leucocytes. 234	This	disorder	also	usually	presents	in
the	neonatal	period	with	bleeding	defects	very	similar	to	those	in	Glanzmann	thrombasthenia	together	with
persistent	neutrophilia,	earlyonset	bacterial	infection	and	delayed	separation	of	the	umbilical
cord.233,235	Prompt	diagnosis	through	a	combination	of	platelet	flow	cytometry	and	genetic	testing	is
important	because	the	mortality	in	the	first	2	years	of	life	is	more	than	75%	and	haemopoietic	stem	cell
transplantation	is	curative	for	both	the	bleeding	disorder	and	the	associated	immunodeficiency.236
RASGRP2related	disease	is	caused	by	biallelic	mutations	in	the	 RASGRP2	gene	and	also	typically
presents	in	the	neonatal	period	with	mucocutaneous	bleeding	or	bleeding	after	circumcision.	The	disease
is	very	rare	and	in	several	families	has	been	misdiagnosed	as	Glanzmann	thrombasthenia	on	the	basis	of



the	clinical	phenotype;	the	two	diseases	are	usually	distinguishable	using	platelet	flow	cytometry,	when
CD41	and	CD61	expression	will	be	normal	in	RASGRP2related	disease.237

Thrombocytosis
There	is	no	agreed	upper	limit	of	normal	for	the	platelet	count	in	neonates.	A	large	retrospective	study	of
platelet	counts	retrieved	from	hospital	records	in	the	USA	from	over	47	000	neonates	found	that	the	95th
percentile	upper	limit	was	750	×	109/l.238	On	the	other	hand,	there	is	no	evidence	that	platelet	counts
above	this	threshold	cause	an	increase	in	the	risk	of	thrombosis	in	neonates.	Causes	of	neonatal
thrombocytosis	are	shown	in	Table	4.9.	The	largest	systematic	study	of	the	causes	and	implications	of
extreme	thrombocytosis	(>1000	×	109/l)	in	neonates	was	reported	by	the	same	group.239	They	found	25
cases	in	a	retrospective	review	of	hospital	records	from	40	471	neonates	(1	in	1600),	all	of	which	were
judged	to	be	secondary,	most	often	in	association	with	infection	and/or	surgery,	and	clinically
insignificant.	Our	experience	is	similar.	In	particular,	thrombocytosis	is	more	common	where	there	is
chronic	or	prolonged	infection,	such	as	osteomyelitis	or	CMV	infection	and	has	also	been	reported
recently	after	SARSCoV2	infection. 240	Thrombocytosis	has	also	been	reported	as	a	complication	of
subcutaneous	fat	necrosis	of	the	newborn,	a	form	of	panniculitis	of	unclear	aetiology.241

Table	4.9	Causes	of	neonatal	thrombocytosis

Conditions Specific	disorders
Acute	inflammatory
conditions

Kawasaki	disease
Subcutaneous	fat	necrosis

Infections SARSCoV2
CMV

Myeloproliferative
disorders

TAM
Familial	myeloproliferative	neoplasms,	e.g	essential	thrombocythaemia	due	to
THPO	or	MPL	mutation

Chronic	inflammation Following	surgery
Chronic	infection,	e.g.	osteomyelitis

In	utero	exposure	to
drugs

Methadone
Psychopharmaceutical	drugs
Thiopurines,	e.g.	azathioprine,	mercaptopurine
Zidovudine

CMV,	cytomegalovirus;	SARSCoV2,	severe	acute	respiratory	syndrome	coronavirus2;	TAM,	transient	abnormal	myelopoiesis.

Although	more	often	presenting	later	in	infancy,	a	number	of	cases	of	Kawasaki	disease	have	been
reported	in	neonates	and	a	recent	review	of	the	literature	that	included	20	neonatal	cases	found	that	two
thirds	of	them	had	thrombocytosis,242	although	occasional	cases	of	neonatal	thrombocytopenia	have	also
been	reported.243	Kawasaki	disease	characteristically	causes	acute	systemic	vasculitis	in	young	children
and	presents	with	fever,	rash,	lymphadenopathy,	bilateral	conjunctivitis	(‘red	eyes’)	and	peripheral
oedema.242	The	pathogenesis	of	Kawasaki	disease	remains	poorly	understood	but	it	is	believed	to	be
triggered	by	viral	or	bacterial	infection	and	to	result	from	immune	dysregulation,	which	likely	drives	both
the	vasculitis	and	secondary	thrombocytosis	in	infants	with	an	underlying	genetic	susceptibility.	The
condition	is	selflimiting	and	responds	rapidly	to	treatment	with	IVIg	but	a	high	index	of	suspicion	for



the	diagnosis	is	crucial	because	prompt	treatment	is	essential	to	prevent	longterm	cardiac
complication.244

Of	note,	neonates	with	TAM	may	also	develop	thrombocytosis,141	perhaps	indicating	that	the	abnormal
megakaryoblasts	in	this	condition	retain	the	ability	to	differentiate	into	megakaryocytes	and	platelets.
Furthermore,	in	utero	acquisition	of	the	JAK2	V617F	variant	associated	with	myeloproliferative
neoplasms	has	been	reported	in	children	with	essential	thrombocythaemia	or	polycythaemia	vera,245
suggesting	that	neonates	with	persistent,	unexplained	thrombocytosis	should	be	further	investigated;
however,	it	should	be	noted	that	although	the	mutation	was	present	at	the	time	of	birth	in	the	two	reported
cases,	there	were	no	data	available	on	the	platelet	count	in	the	neonatal	period.245	By	contrast,	familial
essential	thrombocythaemia	due	to	autosomal	dominant	mutation	in	the	thrombopoietin	gene	(THPO)	has
been	shown	to	present	in	the	neonatal	period,	as	well	as	in	older	children.246	The	platelet	count	may	be
elevated	at	birth	or	may	rise	rapidly	over	the	following	weeks.247	In	some	families	the	THPO	mutation
and	thrombocytosis	are	also	associated	with	congenital	transverse	limb	abnormalities,	such	as
malformations	of	the	foot	or	absent	digits.246

Finally,	there	have	been	a	number	of	reports	of	neonatal	thrombocytosis	secondary	to	maternal	ingestion,
during	pregnancy,	of	drugs	such	as	methadone,	psychopharmaceutical	drugs,	zidovudine	and	thiopurines,
such	as	azathioprine	and	mercaptopurine.248–251

Abnormalities	of	coagulation
Neonatal	coagulation	disorders	have	been	comprehensively	detailed	in	a	number	of	recent
reviews226,252,253	and	are	only	briefly	described	here.	It	is	important	to	note	that	although	coagulation	and
thrombotic	problems	in	the	neonate	are	occasionally	inherited,	much	more	often	they	are	secondary	to
intrauterine	or	neonatal	events.	In	comparison	with	older	infants	and	children,	neonates	are	more	at	risk
both	of	haemorrhage	and	of	thrombosis.	This	partly	reflects	the	physiologically	low	levels	of	many	of	the
coagulation	factors	and	of	inhibitors	of	coagulation,	particularly	in	preterm	neonates.226,252,254

Developmental	haemostasis
The	changes	in	synthesis	and	activity	of	the	principal	coagulation	proteins	during	fetal	development	were
described	more	than	20	years	ago.255	Most	of	the	principal	proteins	can	be	detected	from	the	10th	week	of
gestation	onwards	and	gradually	rise	during	fetal	life.	As	the	coagulation	factors	do	not	cross	the
placenta,	or	do	so	only	in	small	quantities,	the	fetus	is	reliant	on	its	own	ability	to	synthesise	adequate
amounts	of	these	proteins.	It	is	important	to	note	that	normal	values	both	indicating	the	functional	activity
of	the	major	coagulation	pathways	(e.g.	the	prothrombin	time)	and	for	the	individual	factors	vary	with
postnatal	age	as	well	as	gestational	age.256–259	These	show	that	the	levels	of	the	vitaminKdependent
factors	(factors	II,	VII,	IX	and	X)	and	of	factors	XI	and	XII	are	all	low	compared	with	adult	values	and
remain	so	during	the	first	month	of	life.	Importantly,	the	levels	of	factors	V	and	XIII	and	fibrinogen	are
similar	to	adult	values	at	birth,	even	in	preterm	babies	born	at	30–37	weeks’	gestation	and	levels	of	factor
VIII	and	VWF	are	normal	or	increased.

Laboratory	investigation	of	coagulation	disorders	in	the	neonate
Most	significant	bleeding	disorders	in	neonates	can	be	identified	using	simple	screening	tests,	the
exceptions	being	factor	XIII	deficiency	and	platelet	function	disorders.	Suspicion	of	a	coagulation	defect
in	a	neonate	requires	a	prothrombin	time	(PT),	activated	partial	thromboplastin	time	(APTT),	thrombin



time	(TT),	fibrinogen	assay	and	platelet	count,	with	results	being	compared	with	a	reference	range
appropriate	for	the	gestational	age.260	It	may	be	useful	to	test	both	parents	for	coagulation	abnormalities
when	an	inherited	disorder	is	suspected	as	there	is	considerable	overlap	between	coagulation	factor
levels	in	inherited	or	acquired	deficiency	states	and	neonatal	normal	ranges,	particularly	in	preterm
neonates.	Ddimer	levels	are	not	usually	helpful	for	diagnosis	because	the	normal	neonatal	values	are
markedly	elevated	at	birth	compared	with	those	in	older	children	and	adults	and	only	return	to	the	levels
seen	in	older	children	by	1	month	of	age.261	The	two	most	common	practical	problems	in	interpreting	the
results	of	coagulation	screens	in	the	newborn	are:	the	absence	of	laboratoryspecific	reference	values
that	reflect	the	normal	ranges	for	neonates	born	at	different	gestations;	the	frequency	of	artefacts	caused	by
partially	clotted	samples;	incorrectly	filled	coagulation	screen	bottles	with	the	resultant	incorrect
concentration	of	anticoagulant;	and	samples	contaminated	with	heparin	from	indwelling	intravascular
catheters.

Acquired	coagulation	abnormalities
Causes	of	acquired	coagulopathy	in	neonates	include	DIC,	vitamin	K	deficiency,	liver	disease,	metabolic
disorders	and	giant	haemangioendotheliomas	(Kasabach–Merritt	syndrome).	Uncommonly,	a	coagulation
abnormality	in	a	neonate	is	the	result	of	transplacental	transfer	of	a	maternal	inhibitor,	such	as	anti
VWF.262

Disseminated	intravascular	coagulation
The	usual	pattern	of	coagulation	abnormalities	in	neonatal	DIC	is	prolongation	of	the	PT,	APTT	and	TT,
together	with	a	low	platelet	count	and	fibrinogen.35	The	most	common	causes	of	DIC	in	the	neonatal
period	are	shown	in	Table	4.10.	Coagulation	abnormalities	in	the	first	few	days	of	life	are	most	often	the
result	of	perinatal	hypoxia,	for	example	due	to	placental	abruption,	especially	where	there	is	HIE.	The
mechanism	in	such	cases	is	DIC	which	is	also	a	feature	of	NEC,	severe	sepsis	and	some	types	of
congenital	viral	infection,	such	as	that	caused	by	coxsackievirus	(see	Case	4.2)	and	chikungunya	virus.
DIC	may	also	complicate	twin	pregnancies	either	through	retention	of	a	dead	second	twin,	which	can
trigger	DIC	in	the	surviving	twin,	or	through	hyperviscosity	in	the	recipient	twin	of	twintotwin
transfusion.	The	vast	majority	of	neonates	with	DIC	are	clinically	very	unwell	and	bleeding	is	often
generalised	from	multiple	sites,	including	oozing	from	venepuncture	sites.	Pulmonary	haemorrhage	is	a
major	cause	of	death.

Table	4.10	Causes	of	disseminated	intravascular	coagulation	(DIC)	in	neonates

Cause Condition
Bacterial	sepsis/necrotising	enterocolitis Group	B	Streptococcus	

Gramnegative	infections
Necrotising	enterocolitis

Congenital	infection Enteroviruses,	e.g.	coxsackievirus,	cytomegalovirus
Perinatal	events Hypoxic	ischaemic	encephalopathy

Severe	meconium	aspiration
Death	of	a	twin	in	utero	
Twintotwin	transfusion
Severe	fetomaternal	haemorrhage/placental	abruption
Hypothermia



Vitamin	K	deficiency
Vitamin	K	deficiency	remains	an	important	cause	of	bleeding	problems	in	the	newborn	(reviewed	in
references	226	and	263).	Levels	of	vitamin	Kdependent	procoagulant	factors	(factors	II,	VII,	IX	and	X),
protein	C	and	protein	S	are	low	at	and	after	birth	because	of	poor	placental	transfer	of	vitamin	K,	low
vitamin	K	stores	at	birth,	low	vitamin	K	in	breast	milk	and	the	lack	of	bacterial	vitamin	K	synthesis	in	the
sterile	neonatal	gut.	Classical	vitamin	Kdependent	bleeding	(VKDB),	also	termed	haemorrhagic	disease
of	the	newborn,	typically	presents	with	ICH	or	gastrointestinal	bleeding	2–7	days	after	birth	and	affects
babies	who	have	not	received	prophylactic	vitamin	K	at	birth,	especially	if	breastfed	or	with	poor	oral
intake.	The	deficiency	may	be	even	more	severe	in	neonates	of	mothers	on	anticonvulsant	therapy.	Late
VKDB	occurs	between	2	and	8	weeks	after	birth	and	usually	presents	with	ICH	in	an	otherwise	well,
breastfed	term	baby	or	in	babies	with	malabsorption	or	liver	disease.	These	infants	may	present	with
prolonged	or	excessive	bleeding	after	circumcision	as	well	as	ICH	or	gastrointestinal	bleeding.

The	diagnosis	of	vitamin	K	deficiency	is	usually	straightforward.	The	most	useful	indicator	is	the
presence	of	an	isolated	prolonged	PT,	which	corrects	following	vitamin	K	administration.	Importantly,	the
results	of	these	tests	need	to	be	interpreted	with	reference	to	gestational	age	control	values.	In	cases
where	there	is	any	doubt,	assays	of	the	inactive	form	of	factor	II	(undercarboxylated	prothrombin;
PIVKAII	[protein	induced	by	vitamin	K	absence	or	antagonist])	can	be	used	to	confirm	the	diagnosis.
Treatment	of	VKDB	is	vitamin	K	1	mg	intravenously	or	subcutaneously	with	fresh	frozen	plasma	(FFP)
only	in	the	case	of	severe	haemorrhage.

As	part	of	an	ongoing	WHO	project	on	child	health	care,	existing	recommendations	for	vitamin	K
prophylaxis	in	the	prevention	of	haemorrhagic	disease	of	the	newborn	were	recently	reviewed.264	In	the
UK,	the	National	Institute	for	Health	and	Care	Excellence	(NICE)	recommends	that,	for	prevention	of
haemorrhagic	disease	of	the	newborn,	all	fullterm	babies	should	receive	1	mg	of	intramuscular	vitamin
K	(phytomenadione)	prophylactically	at	or	soon	after	birth.	A	lower	dose	is	appropriate	for	babies	of	less
than	36	weeks’	gestation.	If	the	mother	declines	intramuscular	vitamin	K,	oral	vitamin	K	should	be
offered,	multiple	doses	then	being	required	(e.g.	2	mg	at	birth,	at	4–7	days	and	at	1	month).	Incidence	of
deficiency	has	been	estimated	at	0.64	per	100	000	live	births;	around	half	of	cases	are	attributable	to	no
prophylaxis	being	given,	mainly	because	parental	consent	has	been	withheld.265	The	need	for
administration	of	vitamin	K	is	greater	in	breastfed	infants	because	infant	formulae	are	fortified.	Parenteral
rather	than	oral	vitamin	K	is	particularly	important	in	babies	with	unrecognised	biliary	atresia266	or	other
causes	of	malabsorption.

Inherited	coagulation	disorders
The	most	common	inherited	coagulation	disorders	presenting	in	the	neonatal	period	are	factor	VIII
deficiency	(haemophilia	A),	which	has	a	frequency	of	1	in	5000	male	births,	and	factor	IX	deficiency
(haemophilia	B),	which	occurs	in	1	in	30	000	male	births.	Other	inherited	coagulation	disorders	that	can
present	in	the	neonate	include	some	types	of	von	Willebrand	disease,	severe	hypofibrinogenaemia,	factor
XIII	deficiency	and	combined	factor	V	and	factor	VIII	deficiency.	The	most	serious	complication	of	these
disorders	is	ICH	(reviewed	in	reference	267).	Other	clinical	presentations	in	the	neonatal	period	include:
cephalohaematoma;	bleeding	at	the	sites	of	venepuncture,	heelprick	or	intramuscular	injections;
gastrointestinal	haemorrhage	and	bleeding	following	circumcision	(reviewed	in	references	268	and	269).
Up	to	half	of	babies	with	haemophilia	A	present	in	the	first	month	of	life.268	The	presentation	of
haemophilia	B	in	the	neonate	is	similar	to	that	of	haemophilia	A.

If	haemophilia	A	or	B	is	suspected	or	has	already	been	confirmed	by	antenatal	diagnosis,	close



collaboration	between	obstetricians,	neonatologists	and	haematologists	to	manage	both	the	pregnancy	and
delivery	is	essential.	A	number	of	consensus	national	and	international	guidelines	are	available.267,269–272
A	peripheral	blood	or	cord	blood	sample	should	be	obtained	for	an	APTT	and	urgent	factor	assay	and
intramuscular	vitamin	K	should	be	withheld	until	the	results	of	the	assay	are	available.65	Treatment	should
be	with	the	relevant	recombinant	factor.

The	two	types	of	von	Willebrand	disease	(VWD)	that	may	present	in	the	neonatal	period	are	type	2B
VWD	and	type	3	VWD.	Type	3	VWD	presents	with	similar	clinical	findings	to	haemophilia,	as	levels	of
both	VWF	and	factor	VIII	are	low.	In	contrast	to	haemophilia	A	and	B,	type	2B	VWD	is	autosomal
recessive	and	may	therefore	cause	initial	diagnostic	uncertainty	in	male	neonates.	Presentation	may	be
with	cephalohaematoma,	cheek	haematoma	(following	suckling),	postvenepuncture	bleeding,
conjunctival	haemorrhage	and	bleeding	from	the	umbilical	stump	or	following	circumcision.273	The
diagnosis	is	made	by	measuring	VWF,	factor	VIII	and	the	pattern	of	VWF	multimers.	At	present,	type	3
VWD	is	treated	with	a	high	purity	VWF:factor	VIII	concentrate	(such	as	Wilate).	Type	2B	disease	is	rare
and	typically	presents	with	thrombocytopenia.

Factor	XIII	deficiency	and	severe	hypofibrinogenaemia	show	a	particular	association	with	umbilical	cord
bleeding	and	delayed	separation	of	the	cord.	Importantly,	factor	XIII	deficiency	is	an	important	cause	of
perinatal	ICH,	a	recent	report	noting	that	almost	half	of	the	27	neonates	in	a	retrospective	study	had	CNS
bleeding.274	In	addition,	as	for	many	severe	inherited	coagulation	and	platelet	disorders,	factor	XIII
deficiency	may	present	with	bleeding	following	circumcision.275	The	inheritance	is	autosomal	recessive.
The	diagnosis	of	factor	XIII	deficiency	is	made	using	a	screening	test	based	on	measuring	clot	solubility
in	5	mol/l	urea	solution	followed	by	assay	of	factor	XIII	levels;	routine	coagulation	tests	(APTT,	PT	and
TT)	are	normal.	The	diagnosis	can	be	confirmed	using	next	generation	sequencing	to	detect	mutation	of
F13A1	or	F13B,	the	genes	encoding	the	subunits	of	factor	XIII.	Bleeding	is	treated	with	factor	XIII
concentrate.	A	number	of	other	rare	deficiencies	may	also	present	with	umbilical	cord	bleeding	and/or
delayed	separation	of	the	cord,	including	factor	V	deficiency,	combined	factor	V	and	factor	VIII
deficiency,	factor	X	deficiency	and	inherited	deficiency	of	all	vitamin	Kdependent	factors. 276

Thrombosis
Neonates	have	an	increased	risk	of	thrombosis	compared	with	older	infants	and	children.	This	is	mainly
due	to	the	physiologically	low	levels	of	many	of	the	inhibitors	of	coagulation	and	the	use	of	indwelling
vascular	catheters.	Concentrations	of	antithrombin,	heparin	cofactor	II	and	protein	C	are	decreased	at
birth	compared	with	those	in	older	children	and	adults;	protein	S	levels	are	also	low	due	to	the	virtual
absence	of	its	binding	protein	(C4bBP),	but	overall	protein	S	activity	is	normal	as	it	exists	mainly	in	its
free	active	form.	Plasminogen	levels	at	birth	are	only	50%	of	adult	values	so	neonates	have	a	reduced
ability	to	generate	plasmin	in	response	to	fibrinolytic	agents.	Neonatal	thrombotic	disorders	have	been
comprehensively	detailed	in	a	number	of	recent	reviews277–282	and	are	only	briefly	described	here.	The
International	Pediatric	Thrombosis	Network	is	an	additional	source	of	useful	and	uptodate
information:	https://www.isth.org/iptn.

Screening	tests	for	thrombophilia	in	neonates
The	only	inherited	deficiencies	for	which	there	is	a	proven	role	in	neonatal	thrombosis	are	deficiencies	in
protein	C,	protein	S	and	antithrombin.	Homozygous	protein	C	deficiency	and	homozygous	protein	S
deficiency	can	both	cause	purpura	fulminans.	Homozygous	antithrombin	deficiency	usually	presents	with
thrombosis	much	later	in	childhood	but	neonatal	thrombosis	has	been	reported.282	Specific	mutations	in

https://www.isth.org/iptn


the	factor	V	gene	(factor	V	Leiden)	and	the	prothrombin	gene	(F2	G20210A)	are	known	prothrombotic
risk	factors	in	adults	but	have	not	yet	been	reported	to	cause	neonatal	thrombotic	problems	in	isolation.

Guidelines	from	the	Haemostasis	and	Thrombosis	Task	Force	of	the	BCSH	state	that	congenital
thrombophilia	should	be	considered	and	screened	for	where	there	is	a	family	history	of	neonatal	purpura
fulminans	or	in	any	child	with	clinically	significant	thrombosis,	including	spontaneous	thrombotic	events,
unanticipated	or	extensive	venous	thrombosis,	ischaemic	skin	lesions	or	purpura	fulminans.280
Importantly,	thrombosis	related	to	an	intravascular	catheter	has	been	shown	not	to	predict	an	underlying
inherited	thrombophilia	and	investigation	is	not	currently	recommended	unless	there	is	a	family	history	or
other	risk	factors	suggestive	of	an	underlying	congenital	deficiency.278	Similarly,	although	controversial
for	many	years,	welldesigned	casecontrol	studies	have	clearly	shown	that	thrombophilia	is	not
associated	with	a	risk	of	perinatal	stroke.283,284

The	screening	tests	that	should	be	performed	in	all	suspected	cases	of	neonatal	thrombophilia	are	assays
of	protein	C,	protein	S	and	antithrombin.270,285	In	addition,	babies	with	thrombosis	born	to	mothers	with
SLE	and/or	antiphospholipid	syndrome	should	be	tested	for	lupus	anticoagulant,	as	antiphospholipid
antibodies	may	cross	the	placenta	and	are	a	rare	cause	of	neonatal	thrombosis	in	such	babies.	The	value
of	molecular	analysis	to	identify	the	factor	V	Leiden	and	the	prothrombin	F2	G20210A	mutation	in
neonates	is	still	unclear	and	such	testing	is	not	routinely	recommended.7	The	relevance	of	serum
lipoprotein	a	and	of	the	MTHFR	(methylenetetrahydrofolate	reductase)	genotype	to	neonatal	management
is	unclear	at	present.

Acquired	thrombotic	abnormalities
The	most	common	risk	factors	for	neonatal	thrombosis	are	the	presence	of	an	intravascular	catheter	and
shock	secondary	to	sepsis,	hypoxaemia	or	hypovolaemia.281,286	Catheterrelated	thrombosis	causes	more
than	80%	of	venous	thromboses	and	more	than	90%	of	arterial	thromboses	in	neonates.278	Renal	vein
thrombosis,	which	may	be	bilateral,	is	the	most	common	thrombotic	event	unrelated	to	the	presence	of	a
catheter,	with	presentation	being	with	haematuria,	proteinuria	and	a	loin	mass;287	renal	atrophy,
hypertension	and	impaired	renal	function	are	frequent	consequences.287,288	Other	sites	of	thrombosis
include	the	aorta	or	aortic	arch,	cerebral	vessels	and	intracardiac;	the	latter	may	be	complicated	by
venous	obstruction,	pulmonary	embolism	or	peripheral	embolism.	The	diagnosis	is	made	by	Doppler
ultrasound	or	contrast	angiography.

Treatment	of	catheterrelated	thrombosis	depends	on	the	severity	and	extent	of	thrombosis	and	is	based
on	prompt	catheter	removal	as	the	first	step.289	If	signs	progress	despite	removal,	unfractionated	heparin,
low	molecular	weight	heparin	or	thrombolytic	therapy	with	urokinase	or	tissue	plasminogen	activator	may
be	used.	It	is	important	to	maintain	fibrinogen	at	levels	lower	than	1	g/l	and	the	platelet	count	greater	than
50	×	109/l	in	neonates	receiving	thrombolytic	therapy.	Excellent	guidelines	for	antithrombotic	therapy	in
neonates	have	been	published	by	the	American	Society	for	Hematology279	and	the	special	considerations
needed	for	preterm	neonates	in	particular	are	reviewed	in	reference	285.	Most	recently,	direct	inhibitors
of	activated	factor	Xa	or	thrombin,	such	as	rivaroxaban	or	bivalirudin,	have	been	introduced	as
alternatives	to	heparin	and	thrombolytics,	but	experience	in	neonates	is	extremely	limited.285,290

Inherited	thrombotic	abnormalities
Protein	C	deficiency	occurs	in	1	in	160	000–360	000	births.	It	is	caused	by	biallelic	mutations	in	the
PROC	gene	and	usually	presents	within	hours	or	days	of	birth	with	purpura	fulminans	(defined	as



haemorrhagic	necrosis	of	the	skin	resulting	from	dermal	thrombosis),	stroke	(thrombosis	or	haemorrhage),
ophthalmic	damage	and	hypotension.291,292	There	is	not	only	thrombosis	but	also	haemorrhage	as	a	result
of	DIC	and	thrombocytopenia	may	be	severe.	The	skin	lesions	are	caused	by	rapidly	progressive	life
threatening	haemorrhagic	necrosis	due	to	dermal	vessel	thrombosis.	The	diagnosis	of	protein	C	deficiency
is	made	from	the	clinical	features	and	undetectable	levels	of	protein	C	(<0.01	u/ml),	together	with
heterozygote	levels	in	the	parents.	Therapy	with	subcutaneous	protein	C	concentrate	(40	u/kg,	aiming	to
maintain	a	plasma	level	>0.25	u/ml)	is	effective	but	irreversible	tissue	damage,	leading	to	hemiplegia	or
blindness,	may	already	have	occurred,	sometimes	in	utero.291	Heterozygosity	for	protein	C	deficiency	can
predispose	to	neonatal	venous	thrombosis.	However	proteinCdeficient	heterozygotes	rarely	present
as	neonates	and	their	protein	C	levels	can	overlap	with	the	lower	limit	of	normal	in	the	first	few	months
of	life,	delaying	diagnosis	until	6	months	or	later.	Homozygosity	for	protein	S	deficiency	has	a	similar
clinical	presentation	with	purpura	fulminans	but	low	or	undetectable	levels	of	protein	S.	Treatment	is
with	FFP	(10–20	ml/kg	every	12	hours)	until	the	lesions	resolve.	In	the	long	term,	severe	deficiency	of
protein	C	or	S	can	be	treated	with	oral	anticoagulants.
Homozygous	antithrombin	deficiency	is	extremely	rare.	It	may	present	with	neonatal	deep	vein	thrombosis
and	inferior	vena	cava	thrombosis	but	more	often	manifests	later	in	childhood.	Heterozygous	antithrombin
deficiency	may	also	present	with	arterial	or	venous	thrombosis	in	the	neonatal	period;	aortic	and	middle
cerebral	artery	thrombosis,	myocardial	infarction,	cerebral	dural	sinus	and	renal	vein	thrombosis	have	all
been	reported	in	neonates,282	particularly	following	instrumental	delivery293	although	presentation	in	the
second	decade	of	life	is	much	more	typical.

General	principles	of	neonatal	platelet	and	plasma	component
transfusion
The	importance	of	restricting	transfusions	to	those	neonates	most	likely	to	benefit	is	increasingly
recognised.	The	general	principles	governing	this	more	cautious	approach	to	transfusion	in	neonates	have
been	described	in	detail	in	several	recent	reviews	and	national	guidelines	as	well	as	in	international
consensus	statements.67,227,294–297	Red	cell	transfusion	approaches	that	have	proved	successful	include
late	clamping	of	the	umbilical	cord	(unless	resuscitation	is	needed)	and	limiting	the	volume	of	blood
taken	for	laboratory	tests	to	a	minimum	as	discussed	in	Chapter	2.298,299	For	platelet	transfusion	the
emphasis	has	been	on	rigorously	evaluating	the	relevance	of	the	platelet	count	to	the	risk	of	bleeding.300

Additional	points	to	consider	when	transfusion	of	any	blood	component	or	blood	product	to	a	neonate	is
planned	include	the	need	for	extra	care	with	identification	of	a	neonate’s	blood	sample	because	of	the
increased	risks	of	misidentification	that	arise	from	name	changes	in	babies	and	confusion	between	a
maternal	specimen	and	a	baby’s	specimen.	When	intrauterine	transfusion	has	previously	been	employed,
blood	components	for	transfusion	in	a	neonate	should	always	be	irradiated	to	avoid	the	risk	of
transfusionassociated	graftversushost	disease.	 Otherwise,	routine	irradiation	of	blood	products	for
transfusion	to	neonates	is	not	necessary.	The	principles	and	indications	for	neonatal	red	cell	transfusion
are	discussed	in	Chapter	2	and	summarised	in	Table	2.17.

Platelet	transfusion
Platelets	for	use	in	neonates	are	leucodepleted,	are	from	CMVnegative	donors	and	are	usually
obtained	by	apheresis	of	selected	donors	who	lack	hightitre	antiA	and	antiB.	 Platelet	transfusion	is
required	for	thrombocytopenic	babies	with	bleeding;	a	transfusion	threshold	of	<50	×	109/l	is	suggested.67



The	threshold	for	prophylactic	transfusion	depends	on	the	indications	and	detailed	guidance	is	available
for	asymptomatic	babies	with	severe	thrombocytopenia	and	those	requiring	lumbar	puncture	or	minor	or
major	surgery.67	Recent	data	point	to	the	value	of	a	restrictive	policy	for	neonatal	platelet	transfusion.16

Fresh	frozen	plasma
In	many	countries	FFP	for	neonates	and	infants	is	pathogeninactivated	(solvent	detergent	or	methylene
blue),	negative	for	hightitre	antiA	and	antiB	antibodies	and	sourced	from	male	donors. 67	FFP	may
be	required	in	the	management	of	DIC	and	when	there	is	bleeding	in	neonates	with	abnormal	coagulation
tests.	Its	use	may	be	appropriate	in	DIC,	in	the	presence	of	bleeding,	when	the	fibrinogen	concentration	is
less	than	1.0	g/l	or	when	the	PT	or	APTT	is	prolonged	to	more	than	1.5	times	the	midpoint	of	an
appropriate	reference	range.21	FFP	is	required	for	congenital	factor	deficiencies	and	for	purpura
fulminans	resulting	from	protein	S	or	protein	C	deficiency	when	the	specific	concentrate	is	not
available.226	FFP	is	often	overused	in	NICUs	for	babies	with	abnormal	laboratory	tests	but	without
bleeding	or	the	need	for	invasive	procedures.67,226,301	FFP	should	not	be	used	for	volume	replacement.

Cryoprecipitate
Cryoprecipitate	contains	fibrinogen,	factor	VIII,	VWF,	factor	XIII	and	fibronectin.	It	is	pathogen
inactivated	with	methylene	blue	and	in	the	UK	is	now	from	male	donors	only.67	Cryoprecipitate	is
required	for	severe	hypofibrinogenaemia	and	may	be	required	in	DIC.	A	threshold	fibrinogen
concentration	of	1	g/l	is	advised	unless	there	is	rapid	consumption	of	fibrinogen,	when	a	higher	threshold
may	be	advisable.	Fibrinogen	concentrate	is	licensed	in	the	UK	for	congenital	hypofibrinogenaemia	but	in
the	acute	situation,	in	a	neonate,	cryoprecipitate	is	more	likely	to	be	used.

Prothrombin	complex	and	recombinant	factor	VIIa
Fourfactor	prothrombin	complex	concentrate	(PCC),	which	contains	factors	II,	IX	and	X	and	a	variable
concentration	of	factor	VII,	is	now	the	preferred	product,	in	addition	to	vitamin	K,	for	patients	with
bleeding	due	to	vitamin	K	deficiency.	Small	retrospective	studies	and	case	reports	have	shown	that	PCC
is	effective	in	neonates302	but	there	are	no	data	from	randomised	controlled	studies	in	this	population.
Similarly,	a	number	of	retrospective	studies	have	reported	good	responses	to	recombinant	factor	VIIa
(rFVIIa)	in	preterm	and	term	neonates	with	intractable	bleeding	and	severe	coagulopathy.303,304	However,
there	are	no	data	available	at	present	to	identify	the	specific	indications	and	safety	of	rFVIIa	in
neonates.226

Illustrative	cases
(For	abbreviations	used	in	the	text	of	the	illustrative	cases,	see	page	233–234.)

Case	4.1	Cytomegalovirus	infection:	more	than	one	cause	of
thrombocytopenia

Case	history
A	male	neonate	born	at	28	weeks’	gestation	after	an	uneventful	pregnancy	was	admitted	to	the
neonatal	unit	with	mild	tachypnoea.	His	birthweight	was	normal	(1200	g)	and,	apart	from	occasional



petechiae	on	his	chest,	he	had	no	abnormal	clinical	findings.	In	particular,	no	congenital	anomalies
were	noted	and	he	had	no	dysmorphic	features.	He	was	the	third	child	of	unrelated	Caucasian
parents	and	there	was	no	family	history	of	note.	Both	his	siblings	were	well	and	had	had	no	neonatal
problems.	A	routine	FBC	revealed	isolated	thrombocytopenia.

Case	4.1,	Fig.	1	Blood	film	at	presentation.	MGG,	×100	objective.

Investigations

FBC:	WBC	14.2	×	109/l,	Hb	140	g/l,	MCV	112	fl,	MCH	37	pg,	neutrophils	7.1	×	109/l,	lymphocytes
6.0	×	109/l,	monocytes	0.8	×	109/l,	eosinophils	0.25	×	109/l,	platelets	50	×	109/l.	His	blood	film



(Case	4.1,	Fig.	1)	showed	atypical	lymphocytes,	which	appeared	reactive.	The	maternal	platelet
count	was	normal.	Investigations	to	identify	FNAIT	revealed	no	maternal–neonatal	HPA
incompatibility.	A	TORCH	screen	was	positive	for	CMV	in	the	urine	by	PCR,	confirming	a
diagnosis	of	congenital	CMV	infection.

Progress
Daily	platelet	counts	were	performed	because	of	the	thrombocytopenia	and	over	the	course	of	the
next	2–3	days	the	platelet	count	fell	progressively	to	25	×	109/l.	He	was	given	a	platelet	transfusion
and	his	blood	count	continue	to	be	monitored	daily	through	an	intravenous	line.	Although	he	was
clinically	stable,	by	day	14	of	life	his	FBC	was	as	follows:	Hb	85	g/l,	WBC	9	×	109/l,	neutrophils
5.8	×	109/l,	lymphocytes	2	×	109/l,	monocytes	0.8	×	109/l,	eosinophils	0.2	×	109/l,	platelets	148	×
109/l.	The	fall	in	Hb	was	attributed	to	anaemia	of	prematurity	together	with	iatrogenic	blood	loss
due	to	repeated	phlebotomy	and	he	was	given	a	topup	transfusion.	 Two	days	later,	on	day	17	of
life,	he	developed	a	lowgrade	fever	and	repeat	FBC	showed:	Hb	125	g/l,	WBC	15.8	×	10 9/l,
neutrophils	11.8	×	109/l,	lymphocytes	2	×	109/l,	monocytes	1.4	×	109/l,	eosinophils	0.6	×	109/l,
platelets	70	×	109/l.	PCR	for	CMV	in	the	urine	was	negative	and	no	atypical	lymphocytes	were	seen
in	the	blood	film.	However,	careful	review	of	the	blood	film	showed	neutrophil	vacuolation	with
some	vacuoles	containing	bacteria	(Case	4.1,	Fig.	2)	and	blood	cultures	collected	on	the	same	day
grew	Staphylococcus	epidermidis.	After	removal	of	the	intravenous	line	and	a	course	of	antibiotics
the	FBC	returned	to	normal	by	day	23	of	life,	strongly	suggesting	that	the	second	episode	of
thrombocytopenia	in	this	case	was	caused	by	systemic	infection	with	Staphylococcus	epidermidis,
especially	since	the	urine	tests	for	CMV	were	no	longer	positive.



Case	4.1,	Fig.	2	Blood	film	at	day	17.	MGG,×100.

Diagnostic	notes
Congenital	CMV	infection	is	common,	occurring	worldwide	in	1	in	100	to	1	in	200	livebirths,
and	may	be	due	either	to	primary	infection	of	the	mother	during	pregnancy	or	to	reactivation	or
reinfection	of	the	mother	during	pregnancy.76

Primary	infection	of	the	mother	with	CMV	during	pregnancy	carries	a	risk	of	in	utero
transmission	of	CMV	of	30–35%;	reactivation	of	CMV	in	the	mother	carries	a	lower	risk	of	in
utero	transmission	(12%).305

The	majority	of	neonates	with	congenital	CMV	infection	have	no	clinical	findings	at	birth;
thrombocytopenia	is	the	most	common	haematological	complication	of	CMV	infection.76

All	cases	of	congenital	CMV	infection	should	be	closely	followed	up	because	of	the	longterm



risks	of	sensorineural	hearing	loss,	chorioretinitis,	cognitive	impairment	and	cerebral	palsy.

Antiviral	treatment	is	not	recommended	for	asymptomatic	CMV	infection,	including	isolated
thrombocytopenia,	but	has	been	shown	to	be	beneficial	for	reducing	hearing	loss	and	improving
neurodevelopmental	outcome	in	cases	with	clinical	signs	of	disease.85

Case	4.2	Congenital	coxsackievirus	infection	with	disseminated
intravascular	coagulation

Case	history
A	male	neonate	born	at	32	weeks’	gestation	after	an	apparently	uneventful	pregnancy	was	admitted
to	the	neonatal	unit	for	monitoring	and	investigation	as	he	was	noted	to	have	a	fever,	respiratory
distress,	tachycardia	and	cardiomegaly	a	few	hours	after	birth.	On	admission	he	was	unwell	and
irritable,	he	had	mild	hepatomegaly	and	jaundice	and	a	petechial	rash.	There	were	no	other
abnormal	clinical	findings.	He	was	the	first	child	of	unrelated	Caucasian	parents	and	there	was	no
family	history	of	note.

Preliminary	investigations

FBC:	WBC	11.5	×	109/l,	Hb	140	g/l,	MCV	103	fl,	MCH	34	pg,	neutrophils	2.1	×	109/l,	lymphocytes
8.0	×	109/l,	monocytes	1.0	×	109/l,	eosinophils	0.3	×	109/l,	platelets	6	×	109/l.	The	blood	film
showed	a	large	number	of	schistocytes,	occasional	spherocytes	and	some	echinocytes.	The
neutrophils	were	left	shifted	with	no	toxic	granulation	or	vacuolation	and	there	was	a	moderate
lymphocytosis.	Most	of	the	lymphocytes	were	large	with	deeply	basophilic	cytoplasm	(Case	4.2,
Fig.	1).	Few	platelets	were	seen,	consistent	with	the	severe	thrombocytopenia	shown	in	the
automated	blood	count.	A	TORCH	screen	for	congenital	infection	(toxoplasmosis,	rubella,	CMV,
herpes	simplex)	was	performed	and	was	negative.

Further	investigations
The	severe	thrombocytopenia	in	an	unwell	neonate	with	signs	suggestive	of	acute	infection	prompted
the	clinicians	to	perform	coagulation	studies	which	showed	a	PT	of	36	seconds	(normal	range	12–22
seconds),	an	APTT	of	110	seconds	(normal	range	36–55	seconds)	and	a	fibrinogen	of	0.3	g/l
(normal	range	1.5–4	g/l),	consistent	with	a	diagnosis	of	DIC.	Liver	function	tests	showed	a
moderately	raised	bilirubin	(210	μmol/l)	and	aspartate	aminotransferase	(800	iu/l).	Blood	cultures
were	repeatedly	negative.	CSF	examination	showed	a	pleomorphic	lymphocytosis.	Investigations	for
maternal–neonatal	HPA	incompatibility	excluded	a	diagnosis	of	FNAIT.	Review	of	the	maternal
history	confirmed	that	her	platelet	count	had	been	normal	throughout	pregnancy	and	she	had	no
history	of	autoimmune	disease.	However,	she	did	recall	having	been	unwell	with	a	mild	diarrhoeal
illness	a	week	before	delivery.	Maternal	serology	and	virological	investigation	of	the	CSF	sample
confirmed	a	diagnosis	of	congenital	coxsackievirus	infection	due	to	recent	maternal	infection.	In
view	of	the	severity	of	his	coagulopathy	and	deteriorating	liver	function,	the	baby	was	treated	with
intravenous	immunoglobulin	(0.5	g/kg/day	total	dose	2	g/kg)	as	well	as	platelet	transfusion	and	FFP
and	made	a	full	recovery.



Case	4.2,	Fig.	1	Blood	film	at	presentation.	MGG,	×40	objective.

Diagnostic	notes
In	neonates	with	signs	of	acute	infection	and	negative	blood	cultures,	specific	tests	for
enterovirus	infection	should	be	considered	as	several	series	have	indicated	that	up	to	40%	of
sepsislike	illness	in	neonates	is	due	to	enterovirus	infection. 276

In	addition	to	nonspecific	signs	of	infection	(fever,	lethargy,	poor	feeding),	enterovirus
infections	may	present	with	a	rash,	meningitis,	myocarditis	and/or	hepatitis.276

Neonatal	enterovirusmediated	hepatitis	may	be	complicated	by	worsening	liver	function	and
DIC	and	retrospective	studies	suggest	that	early	administration	of	IVIg	may	improve	the	chance
of	survival	in	such	neonates98	but	neither	the	dose	nor	indications	for	therapy	have	been
established	in	controlled	clinical	trials.97

Case	4.3	Fetal/neonatal	alloimmune	thrombocytopenia	in	a	preterm
baby

Case	history
A	female	neonate	born	at	30	weeks’	gestation	was	noted	to	have	diffuse	petechiae	over	her	chest	and
abdomen	at	birth.	The	pregnancy	had	been	uneventful	and,	in	particular,	there	was	no	history	of



maternal	hypertension	or	diabetes,	although	the	mother	reported	a	mild	upper	respiratory	infection	a
week	prior	to	delivery.	On	examination,	the	baby	looked	generally	well,	she	had	no	other	evidence
of	overt	bleeding	and	her	temperature	was	normal.	She	had	no	hepatosplenomegaly	and	no
dysmorphic	features.	Her	birthweight	was	normal	for	gestation	(1.4	kg).	She	was	the	first	child	of
unrelated	Caucasian	parents	and	there	was	no	family	history	of	note.	An	FBC	revealed	isolated
thrombocytopenia	and	a	provisional	diagnosis	of	congenital	infection	was	made.

Investigations

FBC:	Hb	158	g/l,	MCV	102	fl,	MCH	34.5	pg,	WBC	17.6	×	109/l,	neutrophils	11.8	×	109/l,
lymphocytes	4.2	×	109/l,	monocytes	1.2	×	109/l,	eosinophils	0.2	×	109/l,	platelets	16	×	109/l.	To
exclude	the	presence	of	a	clot	in	the	sample,	the	FBC	was	repeated	and	confirmed	the
thrombocytopenia	(12	×	109/l).	Review	of	the	blood	film	showed	no	abnormalities	apart	from	an
isolated	thrombocytopenia.	Platelet	size	and	morphology	appeared	normal	on	the	blood	film	with
some	larger	but	no	giant	platelets	(Case	4.3,	Fig.	1).	A	TORCH	screen	to	identify	congenital
infection	showed	no	evidence	of	infection	with	toxoplasma,	rubella,	CMV	or	herpes	simplex	virus.
Blood	and	urine	cultures	showed	no	evidence	of	bacterial	or	fungal	infection.	While	this	was	in
progress,	she	was	given	a	platelet	transfusion;	on	the	advice	of	the	haematologist,	HPA1a	and
5bnegative	platelets	were	given	since	a	diagnosis	of	FNAIT	had	not	been	excluded.	 A	cranial
ultrasound	was	arranged	and	showed	no	evidence	of	intracranial	bleeding.	The	mother’s	platelet
count	was	also	checked	and	found	to	be	normal	and	there	was	no	maternal	history	of	previous	ITP	or
other	autoimmune	disorders.	In	the	absence	of	evidence	of	infection	or	placental	insufficiency
(IUGR	or	maternal	disease)	a	provisional	diagnosis	of	FNAIT	was	made	and	further	investigations
were	arranged.



Case	4.3,	Fig.	1	Blood	film	at	presentation.	MGG,	×100.

Progress
Blood	samples	from	the	baby	and	both	parents	were	sent	to	the	local	reference	laboratory	for
platelet	genotyping	and	to	test	the	mother’s	serum	for	antiHPA	antibodies.	 This	showed	that	both
the	baby	and	her	father	were	HPA1a	positive	while	the	mother	was	HPA1a	negative	and	anti
HPA1a	antibodies	were	detected	in	her	serum,	confirming	a	diagnosis	of	FNAIT	due	to	anti
HPA1a.	 Serial	FBCs	were	performed	to	monitor	the	platelet	count	and	showed	a	good	response	to
platelet	transfusion	but	a	subsequent	fall	over	the	ensuing	week	to	67	×	109/l	before	a	rapid	recovery
to	normal	levels	by	14	days	of	age.	The	parents	were	counselled	about	the	likelihood	of	recurrence
in	any	subsequent	pregnancies	and	the	advisability	of	early	referral	to	a	specialised	centre	for
advice	and	management.	Followup	in	the	paediatric	clinic	at	6	and	12	months	of	age	indicated	that
the	baby	had	reached	all	her	developmental	milestones	as	expected.

Serial	FBCs:

Age	(days) 0 0	(postplatelet	transfusion) 3 7 10 14
Hb	(g/l) 158 160 154 148 147 143
Platelets	(×109/l) 16 170 80 67 89 202

Diagnostic	notes



FNAIT	should	be	considered	in	any	neonate	with	severe	unexplained	thrombocytopenia	at
birth;	investigations	should	always	include	a	cranial	ultrasound	to	identify	those	neonates	with
intracranial	haemorrhage	as	the	majority	of	these	will	have	longterm	neurodevelopmental
problems,	including	cerebral	palsy,	deadness,	blindness	and	cognitive	delay.306

The	absence	of	congenital	anomalies	and	any	signs	of	infection	are	early	clues	to	a	diagnosis	of
FNAIT.

In	Caucasian	populations,	where	95%	of	cases	of	FNAIT	are	caused	by	antibodies	to	HPA1a
or	HPA5b,	platelet	transfusions	if	required,	should	be	negative	for	both	of	these	antigens.	 The
posttransfusion	platelet	increment	is	significantly	less	after	random	donor	platelets	compared
with	HPAmatched	platelets, 20	but	whether	the	type	of	transfusion	influences	the	longterm
outcome	has	not	been	determined.

Abbreviations	used	in	the	illustrative	cases
APTT activated	partial	thromboplastin	time
CMV cytomegalovirus
CSF cerebrospinal	fluid
DIC disseminated	intravascular	coagulation
FBC full	blood	count
FFP fresh	frozen	plasma
FNAIT fetal/neonatal	alloimmune	thrombocytopenia
Hb haemoglobin	concentration
HPA human	platelet	antigen
ITP autoimmune	thrombocytopenic	purpura
IVIg intravenous	immunoglobulin
IUGR intrauterine	growth	retardation
MCH mean	cell	haemoglobin
MCV mean	cell	volume
MGG May–Grünwald–Giemsa
PCR polymerase	chain	reaction
PT prothrombin	time
TORCH toxoplasmosis,	other	infections,	rubella,	cytomegalovirus,	herpes	simplex
WBC white	cell	count
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coxsackievirus	infection 	222,	230–231

necrotising	enterocolitis 	20,	221,	222

coagulation	abnormalities,	pattern 	221–222

earlyonset	thrombocytopenia 	 196,	197

lateonset	thrombocytopenia 	 196

management 	226–227

in	neonatal	leukaemia 	164

in	protein	C	deficiency 	225

Döhle	bodylike	inclusions  	146,	211



Down	syndrome,	haematological	features 	2,	154,	155

blast	cells 	134	154,	156,	157

blood	film 	156,	158,	159,	171,	172,	173

eosinophilia 	132

erythroblastosis 	15,	154

leucoerythroblastic	features 	129,	156

leukaemia	and	preleukaemia 	154,	156–160

acute	myeloid	see	myeloid	leukaemia	of	Down	syndrome	(MLDS)

TAM	see	transient	abnormal	myelopoiesis	(TAM)

macrocytosis 172,	173

monocytosis 	133,	133,	154

neutrophilia 	130,	154

polycythaemia 	85

target	cells 	156

thrombocytopenia 	154,	206

Down	syndrome,	mosaic 	156,	166

drugs

abnormal	platelet	function	due	to 	217,	217

haemolysis	in	G6PD	deficiency	due	to 	62,	62

neutrophilia	due	to 	130,	130

thrombocytosis	due	to 	220

Duffy	antigens 	47

dyserythropoiesis/dyserythropoietic	cells 	39,	68–69,	78

bone	marrow	aspirate 	40,	46

Pearson	syndrome 	43,	44

Rh	HDFN 	51,	51,	52

Xlinked	thrombocytopenia	(XLT)	with 	 213

dyserythropoietic	anaemia	see	congenital	dyserythropoietic	anaemia	(CDA)

dyskeratosis	congenita 	209

e
early	lymphoid	progenitor	(ELP) 	4,	4

earlyonset	sepsis	(EOS) 	 136



echinocytes 	10,	14,	16

ABO	HDFN 	50

preterm	neonates 	16,	135,	139,	197

pyruvate	kinase	deficiency 	63,	63

echovirus	infection 	203

ecluzimab 	66

ELANE	gene	mutation 	152

elliptocytosis,	hereditary	see	hereditary	elliptocytosis

EMA	binding	test 	53,	55–56

endocrine	disorders,	neonatal	polycythaemia	due	to 	85

endothelium,	'haemogenic' 	1

enterovirus	infection,	neonatal 	203,	231

eosin5maleimide	(EMA)	binding	test 	 53,	55–56

eosinophil(s) 	18

blood	film,	preterm	neonate 	18

normal	values 	21

gestational	age	impact 	12,	21

Pelger 	137,	137

eosinophilia 	132

causes 	131–132,	132

Epstein	syndrome 	211

erythroblast(s)

basophilic,	in	IUGR 147

basophilic	stippling 	43,	44,	154

binucleate	macrocytic 	46

circulating,	in	neonates 	14,	15

dyserythropoietic 	43,	44,	51,	51

fetal	blood	film 	7,	8

increased	see	erythroblastosis

neonate,	after	chronic	fetal	blood	loss 	79,	80

yolk	sacderived 	 6,	7

see	also	nucleated	red	blood	cell	(NRBC)

erythroblastopenia,	transient 	90,	91



erythroblastosis 	11,	138

causes 	14,	15

in	Down	syndrome 	15,	154

fetomaternal	haemorrhage	and 	78

in	haemolytic	anaemia 	15,	47

preterm	blood	film 	10,	14,	15,	195

preterm	neonate	with	IUGR 	195,	195

in	pyruvate	kinase	deficiency 	63,	63,	99

in	Rh	HDFN 	51

see	also	specific	causes	(see	page	15)

erythrocyte(s)	see	red	blood	cell(s)

erythrocyte	membrane	protein	band	4.1	(EPB41)	gene 	57

erythrocyte	membrane	protein	band	4.2	(EPB42)	gene 	53,	55

erythroferrone	(ERFE) 	11,	12

erythroid	progenitor	cells 	3,	4

absence/reduced	see	red	cell	aplasia

erythroleukaemia 	164

erythropoiesis 	3,	5–17

abnormal	see	dyserythropoiesis/dyserythropoietic	cells

agents	stimulating,	anaemia	of	prematurity 	81,	83

EPO	regulating 	6

fetal 	5,	5,	6,	8

haemoglobin	synthesis	and 	6–9,	7,	8

increased,	conditions	causing 	6,	14,	15

IUGR 	195

see	also	erythroblastosis

ineffective 	39

normal 	5,	5,	6

normal	values,	gestational	age	effect 	12,	12–14

rates 	6

stress 	78



erythropoietin	(EPO)

in	anaemia	of	prematurity 	81,	83

dose	recommended 	83

high	levels,	maternal	conditions 	6

increased,	in	IUGR 	195

indications	in	neonates 	83

in	iron	status	regulation 	11–12

production	(fetal/neonatal) 	6

recombinant 	53,	83

Escherichia	coli 	169–170,	196

ethylene	diaminetetraacetic	acid	(EDTA) 	 26,	190

ETTNO	trial 	87

ETV6related	thrombocytopenia 	209,	213,	214

exchange	transfusion 	55

G6PD	deficiency 	62

HDFN 	52

partial,	in	polycythaemia 	86

pyruvate	kinase	deficiency 	64

f
factor	V	deficiency 	223

factor	V	gene,	mutations 	224

factor	V	Leiden 	224

factor	VIIa,	recombinant 	227

factor	VIII	deficiency	(haemophilia	A) 	223

factor	IX	deficiency	(haemophilia	B) 	223

factor	XIII	deficiency 	220,	223

familial	essential	thrombocythaemia 	220

familial	platelet	disorder	with	predisposition	to	AML 	209,	213

Fanconi	anaemia 	42,	88,	148,	209,	212

'F	cells' 	79

Fechtner	syndrome 	211

FERMT3	gene	mutations 	218



ferroportin 	11

fetal	laser	coagulation	surgery 	77

fetal/neonatal	alloimmune	thrombocytopenia	(FNAIT) 	194,	196,	197–200,	215

antenatal	management 	200

bleeding,	aggravation 	198

blood	film 	199,	199,	232

case	study 231–233,	232

cause 	197–198,	232,	233

followup  232–233

intracranial	haemorrhage 	198–199

laboratory	diagnosis 	199,	231–232,	233

management 	199–200

mortality/morbidity 	198,	199

presentation 	198–199

prevalence 	198

screening 	199

fetomaternal	haemorrhage 	76,	78–79

case	study 107–109,	108,	109

diagnosis/diagnostic	tests 	78,	94,	107–108,	108

management 109

massive 	78,	79

risk	factors 	78

volume	estimate	(Kleihauer	test) 	78–79,	79,	80,	108,	109



fetus

blood	sampling	see	blood	samples/sampling

erythropoiesis 	5,	5,	6,	8

haemoglobin	Bart's	hydrops	fetalis 	69

haemopoiesis 	1–5,	3

haemopoietic	progenitor	cells 	3,	4,	4–5

haemopoietic	stem	cells	see	haemopoietic	stem	cells	(HSC)

haemostasis	and	coagulation	proteins 	220

leucocytes 	17–23

function 	22–23

production 	18–22

see	also	specific	cell	types

loss,	antiCD36	antibodies 	 199

platelets 	23–25

red	blood	cells 	5

membrane 	9

metabolism 	10–12

normal	values 	12,	12–13

production 	5,	5,	6,	8

thrombocytopenia	causes 	192,	193,	194

transient	abnormal	myelopoiesis 	160

fibrinogen 	220,	221,	225,	226,	227

fibrinogen	concentrate 	227

FLI1related	thrombocytopenia 	207,	210

FLNAassociated	thrombocytopenia 	208,	210–211

folic	acid 	17

deficiency 	17

supplements 	53,	56,	81

Fragmented	Red	Cell	(FRC)	count 	66

fresh	frozen	plasma	(FFP)	infusion 	66,	222,	226–227

in	protein	S	deficiency 	225

full	blood	count 	1–28

see	also	individual	parameters



fungal	infections

Candida	infection 	23,	129,	133,	141,	143

vacuolation	of	leucocytes 	141,	143

FYBrelated	thrombocytopenia 	207,	210

g
G6PD	deficiency	see	glucose6phosphate	dehydrogenase	(G6PD)	deficiency

G6PT	gene	mutation 	152,	153

βgalactosidase	deficiency	(GM1gangliosidosis) 	 144–145,	145

gastrointestinal	haemorrhage 	191,	203,	204,	216,	223

GATA1	(transcription	factor) 	23

gene	mutation 	154,	155,	158–159,	206

analysis	and	specific	mutations 	158–159,	173

congenital	dyserythropoietic	anaemia 	46

Diamond–Blackfan	anaemia 	42

TAM 	132,	154,	155,	158–159,	206

TAM	case	study 172,	173

Xlinked	thrombocytopenia	with  	208,	213

shorter	(GATA1s) 	156–157,	159

Gaucher	disease 	145

GCSF	 see	granulocyte	colonystimulating	factor	(GCSF)

gestational	age,	blood	counts/film	changes 	12,	21,	27

blast	cells 	12,	134,	135

leucocytes 	12,	18

neutrophil	left	shift 	135,	136,	138

platelets 	12,	23,	24

red	blood	cells 	12,	12–13

'ghost'	cells 	79,	108

Gilbert	syndrome 	53,	55

Glanzmann	thrombasthenia 	198,	207,	218



globin	chains

adult	haemoglobin 	8–9

cyanosis	cause 	86,	86

embryonic	haemoglobin 	6,	7

fetal	haemoglobin 	6,	8

synthesis 	6,	7

variants	see	globin	genes

α	globin	disorders 	8–9,	68,	72

see	also	thalassaemia,	alpha

β	globin	disorders 	72–73

diagnostic	difficulty 	8

γ	globin	disorders 	68

globin	genes

α,	deletions 	67,	68,	71,	72

α,	variants/disorders 	67,	68,	71,	72,	72,	86

β,	variants 	67,	68,	72–73

γ,	variants/disorders 	67,	68,	72,	72,	86

mutations 	67,	68

globin	switching 	8

delaying/reversing 	8

timing 	8–9

glucose6phosphate	dehydrogenase	(G6PD) 	 11

glucose6phosphate	dehydrogenase	(G6PD)	deficiency 	 59,	84

diagnostic	clues/tests 	60,	61,	61–62

drugs/chemicals	precipitating	haemolysis 	62

G6PD	Volendam 	62

genetics 	59

management 	62

prevalence 	59,	61

rasburicase,	fatal	haemolysis 	167

glucose6phosphate	translocase 	 152,	153

glucose6phosphate	transporter	(G6PT1),	gene 	 153

glucose	phosphate	isomerase	(GPI),	deficiency 	60,	64



glutathione	peroxidase 	64,	103

glycolytic	pathway 	5,	10–11

glycoprotein	(Gp)	IbIXV	complex 	 208,	209

glycoprotein	(Gp)	IIb/IIIa 	25,	218

glycoprotein	(Gp)	6,	gene	encoding 	218

GM1gangliosidosis	(βgalactosidase	deficiency) 	 144–145,	145

GNE	gene	mutations 	215

GP6	gene	mutations 	218

graft versushost	disease,	transfusionassociated 	 52,	226

Gramnegative	bacterial	infections 	 136,	137,	138,	141

granulocyte(s)

cytoplasmic	inclusions 	146

giant	and	aberrant	staining 	146

immature	percentage	(IG%) 	135

see	also	specific	cell	types

granulocyte	colonystimulating	factor	(GCSF),	recombinant 	 130,	150

severe	congenital	neutropenia 	152,	153,	154

granulocytemonocyte	progenitor  	3

granulopoiesis 	19

maturation	arrest,	severe	congenital	neutropenia 	150

grey	platelet	syndrome 	207,	210

growth	factors,	haemopoietic 	4

h
haematocrit 	25

anaemia	definition 	38

normal	values

gestational	age	at	birth	impact 	12,	12–13

postnatal	age	impact 	13,	13,	27

polycythaemia	definition 	85

sample	quality/artefacts	and 	25–26

venous	vs	heelprick	sample 	 27

haematuria 	216



'haemogenic'	endothelium 	1

haemoglobin

adult 	5,	8

embryonic 	5,	6,	7

fall,	anaemia	of	prematurity 	81

fetal,	synthesis 	5,	6,	8

see	also	haemoglobin	F	(α2γ2)

in	hereditary	spherocytosis 	55

levels

anaemia	definition 	38

artefacts	and	samples	affecting 	27,	38

congenital	CMV	infection 228

Down	syndrome 	154

twintotwin	transfusion 	 77

lowaffinity,	cyanosis 	 86,	86

normal	values	(fetus/neonate) 	12–14,	13

gestational	age	at	birth	impact 	12,	12–13,	27

postnatal	age	impact 	13,	13,	27

oxidation 	86

oxygen	dissociation	curve 	38–39

synthesis	(fetal/neonate) 	5,	6–9,	7,	8

rates 	6

threshold	for	red	cell	transfusion 	87

venous	vs	heelprick	sample 	 26–27

haemoglobin	A	(α2β2) 	5,	7,	8

absence 	73

Kleihauer	test	and 	78,	79,	108

production,	timing 	7,	8

in	term	babies 	8

haemoglobin	A2	(α2δ2) 	5,	7

haemoglobin	Bart's 	68,	71

haemoglobin	Bart's	hydrops	fetalis	(BHFS)	see	under	thalassaemia

haemoglobin	Constant	Spring 	68,	71



haemoglobin	F	(α2γ2) 	5,	6,	7

fall,	after	birth 	8

haemoglobin–oxygen	dissociation	curve 	38–39

Kleihauer	test	and 	78,	79,	79,	108

maternal	cells	containing	('Fcells') 	 79

in	term	babies 	8

haemoglobin	F	Bonheiden 	72

haemoglobin	FMCircleville 	 86

haemoglobin	FMFort	Ripley 	 86

haemoglobin	FMOsaka 	 86

haemoglobin	F	Poole 	72

haemoglobin	Gower	1	(ζ2ε2) 	5,	6,	7

haemoglobin	Gower	2	(α2ε2) 	5,	6,	7

haemoglobin	H 	69,	71

haemoglobin	Hasharon 	72

haemoglobin	H	bodies 105

haemoglobin	H	disease 	67,	71–72

genetic	defect 	67,	68

haemoglobin	M 	67,	86,	86

haemoglobin	MBoston 	 86

haemoglobin	MIwate 	 86

haemoglobinopathies 	8–9,	47,	67–76,	68,	94

alpha	thalassaemia	major	see	under	thalassaemia

beta	globin	disorders 	72–73

diagnostic	tests 48

haemoglobin	H	disease 	67,	71–72

heterozygous	εγβδ	thalassaemia 	68,	72

hydrops	fetalis 84

unstable	α	chain	variants,	haemolysis	due	to 	72

unstable	γ	chain	variants,	haemolysis	due	to 	72

haemoglobin–oxygen	dissociation	curve 	38–39

haemoglobin	Paksé 	68

haemoglobin	Portland	(ζ2γ2) 	5,	6,	7,	69,	107



haemoglobin	S 	73,	74,	75

haemoglobin	Taybe 	72

haemolysis 	15,	47–59

anaemia	due	to	see	haemolytic	anaemia

causes 	15,	47,	48

chronic,	longterm	complications 	 57

diagnostic	clues 	47,	47

erythroblastosis 	15,	47

microangiopathic 48,	66,	67

oxidative,	blood	film 	61,	61,	101,	102,	104



haemolytic	anaemia 	15,	47–67

blood	film 	47,	49,	50,	51,	52,	56,	58

causes 	47,	48,	65

diagnostic	clues 	47,	47

due	to	haemoglobinopathies	see	haemoglobinopathies

due	to	infections 	47,	48,	65–66

due	to	red	cell	destruction

extrinsic	causes 	66–67

immune	causes 	6,	47,	48,	49

due	to	red	cell	enzymopathies 	59–65

diagnosis 	59,	60

G6PD	deficiency	see	glucose6phosphate	dehydrogenase	(G6PD)	deficiency

hydrops	fetalis	causes 84

infantile	pyknocytosis 	60,	64

PK	deficiency	see	pyruvate	kinase	deficiency

due	to	red	cell	membrane	disorders 	47,	48,	53–59

diagnostic	clues 	53

hereditary	elliptocytosis 	54,	57–58

hereditary	pyropoikilocytosis 	54,	57–58,	58,	69

hereditary	spherocytosis	see	hereditary	spherocytosis

hydrops	fetalis	causes 84

microcytic	anaemia 	69

Southeast	Asian	ovalocytosis 	54,	59,	59

erythroblastosis	in 	15,	47

heterozygous	εγβδ	thalassaemia 	72

immune 	6,	47,	48,	49

HDFN	see	haemolytic	disease	of	the	fetus	and	newborn	(HDFN)

maternal	autoimmune	(AIHA) 	47

methylene	blueinduced  103–104,	104

microangiopathic	(MAHA) 48,	66,	67

nonimmune 	 47

significance 	47

transient,	α/γ	globin	gene	mutations 	67



haemolytic	disease	of	the	fetus	and	newborn	(HDFN) 	6,	47,	48,	49

ABO	see	ABO	haemolytic	disease	of	the	fetus	and	newborn	(ABO	HDFN)

case	study 93,	93–94,	94

hydrops	fetalis 84

management 	52–53

Rh	see	Rh	haemolytic	disease	of	the	fetus	and	newborn	(Rh	HDFN)

haemolytic	uraemic	syndrome	(HUS),	atypical	(aHUS) 	66

haemophagocytic	lymphohistiocytosis	(HLH) 	203

haemophilia	A	(factor	VIII	deficiency) 	223

haemophilia	B	(factor	IX	deficiency) 	223

Haemophilus	influenzae 	137

haemopoiesis 	1,	2,	3

aortogonadomesonephros	(AGM) 	 1,	2

definitive 	1,	2

switch	to,	factors	controlling 	6,	8

extramedullary,	in	Rh	HDFN 	50

failure 	39

fetal 	1–5,	3

lineage,	scheme 	3

ontogeny 	1–2,	2

primitive 	1,	2

switch	to	definitive,	factors	controlling 	6,	8

haemopoietic	growth	factors 	4

haemopoietic	progenitor	cells,	fetal 	3,	4,	4–5

haemopoietic	stem	cells	(HSC) 	1,	3

differentiation 	3

'exhaustion',	fetal 	3

fetal 	2–4

properties 	2–4

selfrenewal 	 3

sensitivity	to	growth	factors 	4



haemopoietic	stem	cell	transplantation

congenital	amegakaryocytic	thrombocytopenia 	214

JMML 	169

leucocyte	deficiency	type	III 	218

neonatal	leukaemia 	167–168

haemorrhage

major,	types 	191

see	also	blood	loss;	intracranial	haemorrhage	(ICH)

haemorrhagic	disease	of	the	newborn 	222

haemostasis,	developmental 	25,	220

HAX1	gene	mutation 	152,	153–154

HDFN	see	haemolytic	disease	of	the	fetus	and	newborn	(HDFN)

hearing	loss,	CMV	infection 	202,	229

heelprick	samples 	 26–27

haemoglobin	levels 	27,	38

Heinz	bodies 	72,	104

HELLP	syndrome 	194

Hematologic	Scoring	System 	140

hepatitis,	enterovirusmediated  231

hepatomegaly 	4,	153,	157,	159,	160,	163,	230

hepcidin 	11

hereditary	elliptocytosis 	54,	57–58

with	infantile	poikilocytosis 	54,	57–58

hereditary	pyropoikilocytosis 	54,	57–58,	58,	69

blood	film	(neonate) 	57,	58,	95,	95,	97

blood	film	(parental) 	57,	58

case	study 94,	95,	95–97,	96

investigations/diagnosis 95,	96,	97

management 97



hereditary	spherocytosis 	53,	54,	55–57

autosomal	dominant 	53,	54

autosomal	recessive 	53,	54,	55

diagnosis,	blood	film 	55,	56

diagnostic	clues/tests 	54

gene	mutations	causing 	53,	55

management 	56–57

herpes	simplex	virus	infection 	39,	66,	203

hexokinase	(HK)	deficiency 	60,	64

Howell–Jolly	bodies 	15,	17,	195,	195,	197

HOXA11	gene	mutations 	214

human	immunodeficiency	virus	(HIV)	infection 	201

human	neutrophil	antigen	(HNA)	system 	148–149

human	platelet	antigen	(HPA)

alloantibodies 	197–198,	199,	200,	232,	233

antigen	types 	198

HPA1a,	antibodies	to 	 198,	232,	233

HPA1a/HPA5bnegative,	transfusion 	 200,	233

typing 	200

hydrops	fetalis 84

in	alpha	(α)	thalassaemia	major 	68,	84

causes	(haematological) 	83,	84

in	congenital	dyserythropoietic	anaemia 	46

in	Diamond–Blackfan	anaemia 	42

haemoglobin	Bart's	(BHFS)	see	under	thalassaemia

in	haemoglobin	H	disease 	71,	72

in	haemoglobin	Taybe	homozygosity 	72

in	haemolytic	anaemia	due	to	infections 	65

nonimmune,	parvovirus	B19 	 40,	41

in	Rh	HDFN 	51



hyperbilirubinaemia 	49,	52,	53

G6PD	deficiency 	62,	94

methylene	blueinduced	haemolytic	anaemia  104

pyruvate	kinase	deficiency 	63,	64

transient	abnormal	myelopoiesis 173

unconjugated 	47

hyperleucocytosis,	neonatal	leukaemia 	164,	165

management 	167

hypersplenism 	69

hypertension,	maternal 	146

hyperviscosity 	85

hypofibrinogenaemia 	223,	227

HYPOHe 	 14

hyposplenism 	15,	17

hypovolaemic	shock 	76

hypoxia

chronic	intrauterine/fetal 	85,	85,	148

IUGR	and	haematological	abnormalities 	85,	195

erythropoietin	production 	6

increased	nucleated	red	blood	cells 	15

perinatal

DIC	due	to 	221

white	blood	cell	count	after 	28,	28

hypoxic	ischaemic	encephalopathy	(HIE) 	28,	28,	140,	221

severe	thrombocytopenia 	196

i
Immature	Reticulocyte	Fraction	(IRF) 	14

immune	system

adaptive 	19

innate	see	innate	immune	system



immunodeficiency	syndromes 	129–130

lymphocytosis	due	to 	131,	131

neutrophilia	in 	129–130,	130,	152

immunoglobulin,	heavy	chain	(IgH)	rearrangement 	4–5

immunophenotype

leukaemias	see	leukaemia

progenitor	populations 	4,	4,	173

indwelling	vascular	catheters 	141,	142

ineffective	erythropoiesis 	39

infantile	pyknocytosis 	64

blood	film 101,	101,	102,	103

case	study 100–103,	101,	103

diagnostic	clues/tests 	60,	101,	102



infections 	136

acquired	neonatal,	lymphocytosis	due	to 	131,	131

bacterial	see	bacterial	infections

blood	count,	and	scoring	system 	139–140

blood	film	features 	128,	129,	135,	139–140

bacterial	infections 	136,	136–140,	138

leucocyte	vacuolation	see	vacuolation

maternal	chorioamnionitis 	140–141,	141

viral	infections 	142,	143,	144,	144

'blueberry	muffin'	rash	due	to 	163,	202,	203

differential	diagnosis 	135–144

eosinophilia	in 	131,	132

haemolytic	anaemia	due	to 	47,	48,	65–66

Hematologic	Scoring	System	for 	140

lymphocytosis	due	to 	131,	131

monocytosis	in 	133,	133

neutropenia	due	to 147

neutrophilia	due	to 	128,	130,	135

parasitic,	thrombocytopenia 	204

red	cell	aplasia	due	to 	39

thrombocytopenia	due	to 	201–205

transfusions	transmitting 	87

viral	see	viral	infections

inflammation,	deregulated,	in	neonates 	23

inherited	bone	marrow	failure	syndromes	(IBMFS) 	206

inherited	sideroblastic	anaemia 	69

innate	immune	system 	19,	21

immaturity,	in	neonates 	22–23

interferon	regulatory	factor	8	(IRF8)	deficiency 	130,	130,	134



intracranial	haemorrhage	(ICH) 	191,	216

in	congenital	chikungunya	virus	infection 	204

in	FNAIT 	198–199

in	inherited	coagulation	disorders 	223

management 	200,	216

intrauterine	growth	restriction	(IUGR) 	14,	138,	194–195

blood	film 	15,	147

hyposplenism	from,	blood	film 	15,	17

idiopathic 	194

neutropenia	due	to 	146,	148

nucleated	red	blood	cells	in 	146,	148

thrombocytopenia	associated 	194–196,	195,	205

intrauterine	transfusion	(IUT) 	226

in	alpha	thalassaemia	major	(BHFS) 	70–71

HDFN	management 	52

hydropic	fetus	in	parvovirus	B19	infection 	41

intravenous	immunoglobulin	(IVIg) 	41,	52,	200

iron

deficiency,	preterm	neonates 	11

metabolism	(fetus/neonate) 	11–12

overload 	53

status	regulation 	11–12

supplements 	11,	81,	83

total	body,	levels 	11

ITGA2B/ITGB3related	thrombocytopenia 	207,	210,	218

IUGR	see	intrauterine	growth	restriction	(IUGR)

j
Jacobsen	syndrome 	208,	211

Janus	kinase	2	(JAK2) 	23,	24

V617F	variant 	219–220



jaundice 	47,	50,	53

hereditary	spherocytosis 	55,	56

red	cell	enzymopathies 	59,	60

G6PD	deficiency 	60,	61

pyruvate	kinase	deficiency 	63,	64,	98

red	cell	membrane	disorders 	53,	54

Jeune	syndrome 	153

juvenile	myelomonocytic	leukaemia	(JMML) 	3,	168–169,	175

infants/childhood 	168,	169

monocytosis	in 	133,	133,	169

mutations	causing 	168,	175

neonatal/transient,	in	Noonan	syndrome 	133,	156,	168–169,	175

transient	myeloproliferative	disorder	see	Noonan	syndromeassociated	myeloproliferative	disorder
(NS/MPD)

treatment 	169

k
kaposiform	haemangioendothelioma	(KHE) 	67

Kasabach–Merritt	phenomenon 48,	67

Kasabach–Merritt	syndrome 	17,	65

KAT6ACREBBP 	fusion	gene 	160,	161,	162,	166,	167

Kawasaki	disease 	219

Kell	antigens 	47

Kidd	antigens 	47

Kleihauer	(Kleihauer–Betke)	test 	78,	79,	80,	108,	109

blood	volume	loss	calculation 108

KLF1	gene	mutations 	46

KMT2A	fusion	genes 	160,	161,	162,	162,	165,	166

KMT2AAFF1  	162,	166

KMT2A	gene	mutation 	160,	161,	162,	166

Kostmann	syndrome 	152,	153–154

l



lactate	dehydrogenase	(LDH) 	11

lactoferrin 	22,	23

lamin	B	receptor	and	LBR	gene 	136–137,	170

lateonset	sepsis	(LOS) 	 136,	148

leucocyte(s) 	17–23

counts

acute	neonatal	infection 	139–140

automated,	inaccuracy 	18

gestational	age	at	birth	impact 	12,	18,	19,	21

maternal	chorioamnionitis 	140

mode	of	delivery	effect	on 	28

normal	values 	12,	18,	19,	21

postnatal	age	impact 	135

venous	vs	heelprick	sample 	 27

see	also	leucocyte	abnormalities

development 	3,	17–18

in	fetus 	17–18,	19

function 	22–23

fetus/neonate	vs	adult 	19

morphology 	18

preterm	infant 	18,	19

production 	18–22

vacuolation 	141,	142,	143,	146

see	also	specific	leucocyte	types



leucocyte	abnormalities,	in	systemic	disorders 	18,	128–176

in	Down	syndrome	see	Down	syndrome,	haematological	features

increase	in	leucocyte	numbers	(leucocytosis) 	128–135

blast	cells 	134,	134,	135,	166

eosinophils 	131–132,	132

lymphocytes 	131,	131,	142

monocytes	see	monocytosis

in	neonatal	leukaemia 	164

neutrophils	see	neutrophilia

in	transient	abnormal	myelopoiesis 	157

in	infections 	18,	135–144

acute	bacterial 	136–140,	138,	139

blood	count/film	features	see	infections

leucocyte	vacuolation 	141,	142

maternal	chorioamnionitis 	140–141,	141

viral 	142,	143,	144,	144

neoplastic	see	leukaemia,	congenital

reduction	in	leucocyte	numbers

monocytes 	134

neutrophils	see	neutropenia

storage	disorders 	144–145,	145,	146

leucocyte	adhesion	deficiency	(LAD) 	130,	130

type	III 	218

leucocytosis	see	under	leucocyte	abnormalities

leucoerythroblastic	picture,	blood	film 	14,	16,	28,	129

leucostasis 	164

leukaemia,	congenital 	154,	156–169

acute,	in	Down	syndrome 	154,	156–160

myeloid	see	myeloid	leukaemia	of	Down	syndrome	(MLDS)

see	also	transient	abnormal	myelopoiesis	(TAM)



acute,	without	Down	syndrome 	154,	158,	160–168

clinical	features 	163–164,	165

CNS	disease 	163–164

haematological	features 	164,	164,	165,	166

immunophenotypes 	160,	161,	162,	164

molecular	genetics 	160,	161,	162,	162,	166–167

treatment 	167–168

acute	basophilic 	164

acute	lymphoblastic	(ALL) 	157,	160,	161,	162

Blineage 	 164,	166

blood	film 165

clinical	features 	163

immunophenotype 161,	164,	165

lineage	switching 	164,	166

molecular	abnormalities 161,	162,	162,	166

neonatal	vs	childhood 	160,	162

treatment 	167

acute	megakaryoblastic 161,	165

acute	myeloid	(AML) 	160,	161

Blineage	ALL	relapsing	as 	 164,	166

blood	film 	164

clinical	features 	163–164,	165

in	Down	syndrome	see	myeloid	leukaemia	of	Down	syndrome	(MLDS)

fusion	genes 	160,	161,	162,	166,	167

immunophenotype 	160,	161,	164

molecular	genetics 	160,	161,	162,	166–167

neonatal	vs	childhood 	160

relapse 	167–168

spontaneous	remission 	160,	167

treatment 	167–168

blast	cell	increase 	134,	164,	164,	165

BPDCN	(blastic	plasmacytoid	dendritic	cell	neoplasm) 	160,	162,	162

erythroblastic 161



haematological	features 	164,	164,	165,	166

hyperleucocytosis 	164,	165,	167

JMML	and	Noonan	syndrome	see	juvenile	myelomonocytic	leukaemia	(JMML)

mixed	phenotype	acute	(MPAL) 	160,	162,	162

monocytosis 	133

mortality 	167

transient,	TAM	see	transient	abnormal	myelopoiesis	(TAM)

leukaemia,	infant/childhood

acute	lymphoblastic	(ALL) 	4

in	CAMT	patients 	214

childhood	vs	neonatal 	160,	162

acute	myeloid	(AML)

in	CAMT	patients 	214

childhood	vs	neonatal 	160

juvenile	myelomonocytic	see	juvenile	myelomonocytic	leukaemia	(JMML)

predisposition,	inherited	thrombocytopenia	and	see	thrombocytopenia

leukaemia	cutis 	163,	165

'lineage	plasticity' 	166

Listeria	monocytogenes	infection 	137,	138

liver,	fetal 	1,	2,	3

erythropoietin	production 	6

low	birthweight	preterm	neonates 	216

lupus,	neonatal 	201

lupus	anticoagulant 	224

lymphocyte(s) 	17–18

giant	and	aberrant	staining 	146

normal	values 	12,	21

gestational	age	impact 	12

vacuolation 	146

storage	disorders 	144,	145,	145

see	also	B	lymphocyte(s);	T	lymphocyte(s)

lymphocytosis,	causes 	131,	131

viral	infections 	142



lymphomyeloid	progenitor 	3,	4,	4

lymphopoiesis 	21–22

lysosomal	acid	lipase	deficiency	(Wolman	disease) 	144,	145

LYST	gene	mutations 	210

m
macrocytes,	polychromatic 	10

macrocytosis,	in	Down	syndrome 172,	173

macroovalocytes 	 59,	59

macropolycyte 	28

macrothrombocytopenia 	209

MAIPA	assays 	199

malaria 	62,	65

congenital 	65,	204

neonatally	acquired 	131

malignancies	see	neoplasms

maternal	chorioamnionitis 	27,	27,	128,	140–141,	141

May–Hegglin	anomaly 	211

mean	cell	haemoglobin	(MCH)

normal	values,	gestational	age	impact 	12,	13

in	α	thalassaemia	major	(BHFS) 	69

mean	cell	haemoglobin	concentration	(MCHC) 	13

mean	cell	volume	(MCV)

low,	in	hereditary	pyropoikilocytosis 	57,	58,	97

normal	values,	gestational	age	impact 	12,	13,	27

in	α	thalassaemia	major	(BHFS) 	69,	70

MECOMassociated	syndrome 	209,	213

MECOM	gene	mutations 	214

megakaryoblasts,	transient	abnormal	myelopoiesis 	158,	158



megakaryocyte(s) 	23–25

dysplasia 	43,	43

fetal 	1,	2,	3

neonatal	and	adult	vs 	23

preterm	neonate 	23,	24

production	see	megakaryopoiesis

transient	abnormal	myelopoiesis 	157,	158,	158,	171,	219

megakaryocyteerythroid	progenitor  	3,	4

megakaryocyte	progenitor	cells 	3,	4,	24

megakaryopoiesis 	23–24

fetal 	1,	2,	3

impaired,	in	IUGR 	195

regulation 	23–24

metabolic	disorders

cytological	abnormalities 	146

neutropenia	due	to 147

metamyelocytes 	19

methaemoglobin 	11,	86

methaemoglobinaemia 	11,	67,	86,	86

methaemoglobin	reductase 	11

methylene	blue 104

methylene	blueinduced	haemolytic	anaemia  103–104,	104

microangiopathic	haemolytic	anaemia	(MAHA) 48,	66,	67

microangiopathic	process 	17

microcytic	anaemia	see	under	anaemia	(neonatal)

microcytosis 	70,	73

micromegakaryocytes 	43

MicroR 	14

middle	cerebral	artery	(MCA),	anaemia	monitoring 	52

mitapivat 	64

mitochondrial	cytopathy 	40

mitochondrial	DNA,	mutations/deletions 	43

MLDS	 see	myeloid	leukaemia	of	Down	syndrome	(MLDS)



MNS	blood	group	system 	47

monocyte(s) 	17–18,	21

blood	film,	preterm	neonate 	18,	141

cell	surface	molecules 	21

giant	and	aberrant	staining 	146

increase	in	number	see	monocytosis

in	Noonan	syndromeassociated	myeloproliferative	disorder  	168,	169

normal	values,	gestational	age	impact 	12,	21

reduction	in	number 	134

role 	21

vacuolation 	141,	143

in	necrotising	enterocolitis 	141,	143

monocytopenia 	134

monocytosis 	133,	133–134,	138,	169

compensatory,	in	neutropenia 	133,	133,	151

Down	syndrome 	154

mononuclear	cells

atypical,	in	infections 	139

see	also	lymphocyte(s);	monocyte(s)

MPL	gene	mutation 	214

mTOR	pathway 	24

mucopolysaccharidoses 	146

multipotent	progenitor 	3

MVK	gene	mutations 	46

Mycoplasma	pneumoniae	infection 	137,	139

myeloblasts

acute	myeloid	leukaemia 	164

transient	abnormal	myelopoiesis 	157

myelocytes 	16,	19,	20

chorioamnionitis 	27

myelofibrosis,	inherited	thrombocytopenia	and 	213

myeloidderived	suppressor	cells	(MDSC) 	 23



myeloid	leukaemia	of	Down	syndrome	(MLDS) 	 157,	158,	173

case	study 172–173

development,	natural	history 	159–160,	173

diagnosis 	159

myeloproliferative	disorders

thrombocytosis	in 	219,	220

see	also	transient	abnormal	myelopoiesis	(TAM)

MYH9related	thrombocytopenia 	208,	211,	215

myopathy,	congenital 	215

n
necrotising	enterocolitis	(NEC) 	20,	20,	140

blood	film	features 	20,	141,	143

disseminated	intravascular	coagulation 	20,	196,	221,	222

eosinophilia	in 	131

neutropenia	in 	20,	20,	148

polycythaemia	and 	85

thrombocytopenia	in 	196,	197

neonatal	intensive	care	units	(NICUs)

fresh	frozen	plasma	use 	227

thrombocytopenia 	190,	194,	196

neonatal	leukaemoid	reaction	(NLR) 	134

neoplasms

hydrops	fetalis	due	to 84

increased	nucleated	red	blood	cells 	15

see	also	leukaemia,	congenital

neurodevelopmental	problems 	198



neutropenia 	18,	20,	20,	145–154

causes 	146,	147,	148

compensatory	monocytosis	in 	133,	133,	151

congenital 	133,	150–154

with	immunodeficiency/syndromic	features 	149

severe	see	severe	congenital	neutropenia	(SCN)

definition 	145–146

immune 	148–150

alloimmune	neonatal 	148–150

maternal	autoantibodies 	148,	150

inherited	congenital/neonatal 	150–154

severe	congenital	see	severe	congenital	neutropenia	(SCN)

Shwachman–Diamond	syndrome 	152–153

in	IUGR 	195

in	necrotising	enterocolitis 	148

neutrophil	count	indicating 	146

prolonged 	150

sepsisassociated 	 148

transient 	146,	148

neutrophil(s) 	18,	19–21

in	acute	bacterial	infections 	129,	136–140,	148

Gramnegative 	 136,	137,	138

group	B	Streptococcus 	136,	136,	148

Alder–Reilly	bodies	in 	145,	145,	146

antibodies	to 	150

blood	film 	26,	129

preterm	neonate 	18,	19,	20

decreased	count	see	neutropenia

differentiation,	genes	involved 	152

Döhlelike	bodies  	146,	211

dumbbellshaped	nuclei 	 137,	137



fetal	blood	samples

circulating,	numbers 	19

HNA	antigen	expression 	148,	149

functions,	neonatal	vs	adult 	22–23

immature/band	forms 	129,	135,	136

to	total	(I/T)	ratio 	135,	136

increased	count	see	neutrophilia

'left	shift' 	27,	135,	136,	138,	169,	170,	196

necrotising	enterocolitis 	141,	143

normal	values/counts 	19,	21,	22,	145–146

gestational	age	impact 	12,	19,	21

postnatal	age	impact 	145–146

precursors 	19

production,	site 	19

production	failure 	148

pseudoPelger  	156,	171

recruitment	and	migration 	22

storage	pool/reserves	lacking 	19–20,	22

toxic	granulation 	16,	27,	129,	135,	140

bacterial	infections 	136,	136,	137,	138,	139,	170

maternal	chorioamnionitis 	140,	141

vacuolation 	20,	129,	138,	141

infections	causing 	141,	142,	143,	228

Pearson	syndrome 	43,	45

neutrophil	extracellular	traps	(NETs) 	22

neutrophilia 	128–131

causes 	128,	130,	135,	138–139

acute	bacterial	infection 	128,	130,	136

Down	syndrome 	154

maternal	chorioamnionitis 	27,	27,	128,	140,	141

chronic 	128

nicotinamide	adenine	dinucleotide	phosphate	(NADPH) 	11



Noonan	syndrome 	156,	168–169,	174–175

mutations 	168,	169

Noonan	syndromeassociated	myeloproliferative	disorder	(NS/MPD)  	168,	168–169

blood	film 	168,	168–169,	174

case	study 174,	174–175

normal	values

blast	cells 	12,	22,	134,	135,	166

eosinophils 	12,	21

gestational	age	impact 	12,	23,	24,	27

leucocytes 	12,	18,	19,	21

lymphocytes 	12,	21

monocytes 	12,	21

neutrophils 	12,	19,	21,	22,	145–146

platelets 	12,	23,	24–25

red	blood	cell	indices 	12,	12–14,	13

postnatal	age	impact 	13

normoblast(s)

acute	myeloid	leukaemia 	164

cytoplasmic	bridging,	in	CDA 	45,	46

increase,	in	IUGR 147

vacuolated	dysplastic 	43,	44



nucleated	red	blood	cell	(NRBC) 	140

absent,	parvovirus	B19	infection 	41,	41

fetal	blood	film 	7,	8

increased

causes 	14,	15,	146

haemolytic	anaemia 	15,	47

in	IUGR 	148,	195,	195

see	also	erythroblastosis

manual	vs	automated	methods	to	count 	14

normal	values 	14

gestational	age	impact 	12,	13,	14

preterm	blood	film 	10

Rh	HDFN 	51,	51,	52

see	also	erythroblast(s);	normoblast(s)

o
ovalocytes 	59,	59

oxygen

affinity	of	haemoglobin	Bart's 	69

dissociation	curve 	38–39

p
‘paedipacks’ 	87

parasitic	infections,	congenital,	thrombocytopenia 	204

Paris–Trousseau	thrombocytopenia 	208,	211

parvovirus	B19,	congenital 	39,	40,	40–41,	41

diagnosis,	management 	41,	91

thrombocytopenia 	41,	203

Pearson	syndrome 	42,	43,	43,	44,	148

diagnostic	tests 	40,	43

Pelger–Huët	anomaly 	136–137,	137,	148

case	study 	169–171,	170

differential	diagnosis 171



pentose	phosphate	pathway 	5,	10–11

PENUT	study 	83

phagocytosis 	21,	23

phosphofructokinase	(PFK)	deficiency 	60,	65

phosphoglycerate	kinase	(PGK)	deficiency 	60,	65

phototherapy 	52,	56

phytomenadione 	222

PIVKAII 	 222

PKLR	gene	mutations 	63,	99

placental	blood,	transfused	to	neonate 	38

placental	insufficiency	syndromes 	194–196

PlaNeT2	MATISSE	Collaborators	Trial 	216–217

plasma	component	transfusion 	226–227

plasmin 	224

plasminogen 	224



platelet(s) 	23–25

adhesion	receptors 	25

antigens 	198

alloantibodies	to 	197–198

autoantibodies

in	FNAIT 	197–198,	199,	200

maternal 	200–201

automated	parameters 	25

count

automated,	underestimation 	209

thresholds	for	platelet	transfusion 	216,	216

function 	25

disorders	see	platelet	disorders

giant 	156,	158,	158,	171

MYH9	gene	mutations	causing 	211

hyporeactivity 	25

immature	fraction	(IPF) 	25

normal	counts/values 	23,	24–25

gestational	age	at	birth	impact 	12,	23,	24

inherited	platelet	function	disorders	with 	218

upper	limit 	218

venous	vs	heelprick	sample 	 27

preterm	neonate 	24

production 	23–24

reduced,	in	IUGR 	195

surrogate	measure	(IPF) 	25

thrombopoietin	role 	23

platelet	agonists 	25



platelet	disorders 	190–233

function	disorders 	217–218

acquired,	causes 	217,	217

causes 	217,	217

inherited 	217,	217

inherited	with	normal	platelet	counts 	218

thrombocytopenia	associated 	198,	207,	208,	217

genes	associated 	206

inherited,	rare	syndromic 	208,	213

thrombocytopenia	see	thrombocytopenia	(neonatal)

thrombocytosis	see	thrombocytosis

platelet	flow	cytometry 	218

platelet	transfusion

in	Bernard–Soulier	syndrome 	209–210

donors/procedure 	226

in	FNAIT 	200,	232,	233

general	principles 	226

indications 	197,	216,	216–217,	226

risks	associated 	216,	217

thresholds	for 	216,	216,	226

in	thrombocytopenia 	197,	216,	226

poikilocytosis 	10,	15,	57

infantile,	hereditary	elliptocytosis	with 	54,	57–58

preterm	neonate	with	IUGR 	195

polychromasia

ABO	HDFN 	50

absent

congenital	dyserythropoietic	anaemia 	45,	46

Diamond–Blackfan	anaemia 	42

parvovirus	B19	infection 	41,	41

fetomaternal	haemorrhage	and 	78

preterm	neonate	with	IUGR 	195

Rh	HDFN 	51,	51



polycythaemia	(neonatal) 	85,	190

causes 	85,	85

treatment 	86

twintotwin	transfusion 	 85,	77

polycythaemia	vera 	220

postnatal	age,	blood	counts/film	changes 	12,	27,	135,	145–146

pregnancyassociated	complications 	 28

preleukaemic	conditions,	monocytosis 	133

PreProB	progenitor	(PPB)	cells 	4,	4

preterm	neonates

anaemia	of	prematurity	see	anaemia	of	prematurity

blood	film 	10,	16,	18,	19,	135

blast	cells 	22,	134

leucocytes 	18,	19,	20,	135,	136,	147

platelets	and	megakaryocytes 	23,	24

red	blood	cells 	10,	16

blood	volume 	17

echinocytes 	16,	135,	139,	197

eosinophilia 	131

erythroblasts,	increased 	10,	14,	15,	195

folic	acid	stores 	17

β	globin	disorder	diagnosis 	8

haemoglobin	Bart's	hydrops	fetalis 	69,	70

haemoglobin	level	in	anaemia 	38

haemopoiesis 	2,	6

hypoxic	ischaemic	encephalopathy 	28,	28

iron	deficiency,	and	supplements 	11,	81

iron	requirements,	and	stores 	11

leucoerythroblastic	picture 	14,	16,	28

low	birthweight,	thrombocytopenia 	216

megakaryocytes 	23

necrotising	enterocolitis 	141

neutropenia 	20



neutrophil	function 	22–23

normal	values/counts 	12,	12–13

eosinophils 	21

monocytes 	21

neutrophils 	19,	21

platelets 	23

red	blood	cell	lifespan 	9

red	blood	cell	membrane 	9

red	blood	cell	production 	6

thrombocytopenia 	23,	191,	192,	215,	216

earlyonset 	 194

vitamin	B12 	17

PRKACGrelated	thrombocytopenia 	207,	210

ProB	progenitor	cells 	4,	4

PROC	gene	mutations 	225

prohepcidin 	11

promonocyte 	151

promyelocyte 	16,	19,	135,	140

chorioamnionitis 	27

protein	C,	deficiency 	224,	225,	227

protein	S 	224

deficiency 	224,	225,	227

prothombin	complex	concentrate	(PCC) 	227

prothombin	time	(PT),	prolonged 	220,	221,	222

prothrombin	gene	(F2	G20210A)	mutation 	224

pseudocyanosis 	86

pseudoPelger	neutrophil  	156,	171

pseudothrombocytopenia 	190

PTPN11	gene	mutations 	168,	169,	175

pulmonary	haemorrhage 	216,	222

purpura	fulminans 	224,	225,	227

pyknocytosis,	infantile 	60,	64

pyrimidine5'nucleotidase	deficiency  	60,	65



pyropoikilocytosis,	hereditary	see	hereditary	pyropoikilocytosis

pyruvate	kinase 	11,	100

pyruvate	kinase	deficiency 	63,	63–64

blood	films 	63,	63,	98,	99

case	study 98–100,	99,	99,	100

diagnostic	clues/tests 	60

investigations 	60,	98–99,	99

management 	64,	100

r
radii,	absence,	thrombocytopenia	with 	208,	212

radioulnar	synostosis	with	amegakaryocytic	thrombocytopenia  	209,	213,	214

rasburicase 	167

RASGRP2 related	disease 	218

rasopathies,	congenital 	133,	134,	156

see	also	Noonan	syndrome

RASpathway	genes 	 168

RBM8A	gene	mutations 	212

RBM15MRTFA 	fusion	gene 	160,	161,	162,	166,	167



red	blood	cell(s) 	5–17

abnormal	development	see	dyserythropoiesis/dyserythropoietic	cells

absence	see	red	cell	aplasia

automated	parameters 	14

blood	film	artefacts 	25–26,	26

development/production	see	erythropoiesis

enzymopathies	see	red	blood	cell	disorders

fetal/neonatal	vs	adult 	5

fragmentation,	anaemia	due	to 	66

hypochromic,	in	α	thalassaemia	major 	69,	70

increased	destruction,	anaemia	see	haemolytic	anaemia

lifespan 	9

membrane 	5,	9

deformability 	9

metabolism,	fetal/neonatal	vs	adult 	5,	10–11

microcytic 	73–76

in	α	thalassaemia	major 	69,	70

in	β	thalassaemia 	73

morphology,	neonatal	vs	adult 	14,	16,	16–17

normal	values 	12–17

gestational	age	impact 	12,	12–13

postnatal	age	impact 	13,	13

venous	vs	heelprick	sample 	 27

normochromic	normocytic,	parvovirus	B19	infection 	41,	41

nucleated	see	erythroblast(s);	nucleated	red	blood	cell	(NRBC)

production	failure,	hydrops	fetalis 84

reduced	production,	anaemia	due	to	see	anaemia	(neonatal)



red	blood	cell	disorders 	38–110

anaemia	see	anaemia	(neonatal)

cyanosis 	86

enzymopathies,	haemolysis 	47,	48,	59–65

anaemia	and/or	jaundice 	60

hydrops	fetalis 84

rare	disorders 	60,	60

see	also	under	haemolytic	anaemia

genetic 	53

membrane	disorders,	haemolysis 	47,	48,	53–59

hydrops	fetalis 84

see	also	haemolytic	anaemia

polycythaemia	see	polycythaemia	(neonatal)

red	cell	aplasia 	39

causes 	39,	40,	88,	90

CDA	see	congenital	dyserythropoietic	anaemia	(CDA)

DBA	see	Diamond–Blackfan	anaemia

parvovirus	B19 	39,	40,	40–41

Pearson	syndrome	see	Pearson	syndrome

chronic,	parvovirus	B19	infection 	41

congenital 	41–42

diagnostic	clues 	39,	40

genetic 	41–42

red	cell	dysplasia 	41–42,	90



red	cell	transfusion 	43,	226

in	anaemia	of	prematurity 	82–83

complications 	87

in	Diamond–Blackfan	anaemia 	89–90

donor	twin,	twintotwin	transfusion 	 77

guidelines 	87

in	hereditary	elliptocytosis	with	infantile	poikilocytosis 	58

in	hereditary	pyropoikilocytosis 	57,	97

indications 	87,	87

optimal	volume 	87

'paedipacks' 	87

principles 	86–87

risks 	87

topup 	 82–83,	87

regulatory	T	lymphocyte(s) 	22

renal	vein	thrombosis 	225,	226

respiratory	syncytial	virus	(RSV) 	131,	142

reticulocyte(s) 	14

automated	counts 	14

increased,	haemolytic	anaemia 	47,	47

low	count	see	reticulocytopenia

neonatal	vs	adult 	14

normal	values 	14

reticulocytopenia 	39

Diamond–Blackfan	anaemia 	42

parvovirus	B19	infection 	41

Rhesus	antigens,	alloantibodies	causing	HDFN 	47,	49,	50,	50–51

Rh	haemolytic	disease	of	the	fetus	and	newborn	(Rh	HDFN) 	50,	50–51,	51,	52

laboratory	features 	50

late	anaemia,	management 	52–53

management 	52–53

ribosomal	proteins	(RP),	defects 	42

rivaroxaban 	225



RPL26	gene	mutation 	89

rubella,	congenital 	39,	66,	202–203

RUNX1	transcription	factor	gene,	mutations 	214

rupture	of	membranes,	prolonged 	196

s
sample	quality 	25–26

SARSCoV2	 see	coronavirus	disease	19	(COVID19)

SBDS	gene	mutation 	152

schistocytes 	17,	20,	41,	196

Sebastian	syndrome 	211

SEC23B	gene,	mutations 	46

selfrenewal 	 2,	3

sepsis	(neonatal) 	136

earlyonset 	 136,	196

lateonset 	 136,	148

severe	congenital	neutropenia	(SCN) 	20,	21,	146,	148,	150–154

blood	film 	151,	151

causes	(inherited) 	149,	152

ELANE	mutation 	152

G6PT	(SLC37A4)	gene	mutation 	152,	153

gene	mutations	associated 	149,	152

HAX1	gene	mutation 	152,	153–154

longterm	outlook 	 152

molecular	diagnosis 	152

neutrophil	count 	150,	151

presentations 	151

Shwachman–Diamond	syndrome 	152–153

sickle	cell	disease 	67,	73,	74

sickle	cell	trait 	73,	75

sideroblastic	anaemia,	congenital 	69,	73–76,	96

Xlinked 	 73

SIFD	syndrome 	75–76



signalling	pathways,	platelet	production 	23

Sjögren	syndrome 	201

SLC4A1	gene 	53,	55,	55,	59

SLC25A38	gene	mutations 	74,	75,	96

SLC37A4	gene	mutation 	153

Sly	disease 	145

small	for	gestational	age	(SGA)	see	intrauterine	growth	restriction	(IUGR)

Southeast	Asian	ovalocytosis 	54,	59,	59

αspectrin	( SPTA1)	gene	mutation 	53,	55,	57,	58,	95

βspectrin	( SPTB)	gene	mutation 	53,	55,	57

spherocyte(s) 	16–17,	47

ABO	HDFN 	49,	49,	50,	50,	56

artefact	in	blood	film 	26,	26

hereditary	spherocytosis 	55,	56

spherocytosis,	hereditary	see	hereditary	spherocytosis

SRCrelated	thrombocytopenia 	215

Staphylococcus	epidermidis	infection 	141,	142,	228,	229

stem	cells,	haemopoietic	see	haemopoietic	stem	cells	(HSC)

STIM1	gene 	211,	212

storage	disorders

blood	films 	144–145,	145

cytological	abnormalities 	146

hydrops	fetalis	due	to 84

Stormorken	syndrome 	208,	211–212

Streptococcus,	group	B,	infection 	136,	136

blood	film 	136,	136

neutropenia 	148

severe	thrombocytopenia 	196

surrogacy 	49

symmetric	cell	division 	2

syphilis

congenital 	39,	65,	133,	205

perinatally	acquired 	65



systemic	lupus	erythematosus	(SLE),	maternal 	200–201,	224

t
target	cells 	15,	16–17,	139,	143

Down	syndrome 	156

preterm	neonate	with	IUGR 	195

sickle	cell	disease 	73

TAR	(thrombocytopenia	with	absent	radii)	syndrome 	208,	212

T	cells	see	T	lymphocyte(s)

thalassaemia

alpha	(α)	thalassaemia,	nondeletion 	 71

alpha	(α)	thalassaemia	major	(BHFS) 	8,	67–71

α0	thalassaemia 	67–68,	71,	106

α+	thalassaemia 	67

blood	films 	69,	70,	105,	106

case	study 105–107,	106,	106

cause	of	anaemia 	68–69,	69

clinical	features 	68

globin	gene	deletion 	67,	68,	68,	106

inheritance 	67

investigations 105–106,	106

management	and	screening 	8,	69–70,	107

alpha	(α)	thalassaemia	trait 	67

beta	(β)	thalassaemia 	73

Xlinked	thrombocytopenia	(XLT)	with 	 213

beta	(β)	thalassaemia	major 	67,	73

beta	(β)	thalassaemia	trait 	73

gamma	(γ)	thalassaemia 	67

gamma	beta	delta	(εγβδ)	thalassaemia 	68,	72

thrombin	time	(TT) 	221

thrombocythaemia,	essential 	220



thrombocytopenia	(fetal)

in	aneuploidy 	205

causes 	192,	193,	194

in	congenital	CMV	infection 	202,	228,	229

thrombocytopenia	(in	infancy) 	207

thrombocytopenia	(neonatal) 	20,	24,	190–191

with	absent	radii	(TAR)	syndrome 	208,	212

apparent 	190

bleeding/haemorrhage	causing 	191

blood	samples	for 	190,	200

causes 	191,	192,	193,	194,	194–197

earlyonset	neonatal	(before	72	hours) 	 192,	193,	194–196

lateonset	neonatal	(after	72	hours) 	 192,	194,	196–197

severe	earlyonset	neonatal 	 196,	199,	201

clinically	significant,	conditions	leading	to 	197–215

atypical	haemolytic	uraemic	syndrome 	66

chromosomal	abnormalities	and 	205–206

CMV	infection 	201–202,	228,	229

congenital	infections 	201–205,	229,	230–231

Down	syndrome 	154,	206

FNAIT	see	fetal/neonatal	alloimmune	thrombocytopenia	(FNAIT)

hereditary	TTP 	66

maternal	autoimmune	disease 	200–201

parasitic	infections 	204

tuberculosis	or	syphilis 	205

viral	infection	(other) 	202–204,	230–231

congenital	amegakaryocytic	(CAMT) 	209,	213–214

consumptive 	25

diagnostic	algorithm 	191,	191,	215

Down	syndrome 	154

FNAIT	see	fetal/neonatal	alloimmune	thrombocytopenia	(FNAIT)

haemorrhage	frequency 	216

'high	risk'	and	'very	high	risk'	neonates 	216



incidence 	190

inherited 	206–215

amegakaryocytic,	radioulnar	synostosis	with  	209,	213,	214

ANKRD26related 	209,	213,	214

congenital	amegakaryocytic 	209,	213–214

diagnostic	clue 	206

DIAPH1related 	215

ETV6related 	209,	213,	214

GNE	gene	mutations 	215

isolated	thrombocytopenia	(nonsyndromic)  	207,	207–210,	215

leukaemia,	bone	marrow	failure	associated 	209,	213–215

MECOM	syndrome 	209,	213,	214

MYH9related 	215

SRCrelated 	215

syndromic 	208,	210–213

Xlinked	 see	Xlinked	thrombocytopenia	(XLT)

intrauterine	growth	restriction	and 	194–196,	195,	205

management 	196

investigations 	215

management 	192,	215–217

algorithms 	191,	191,	192

in	FNAIT 	199–200

in	maternal	autoimmune	disease 	201

platelet	transfusion 	216,	216–217

maternal	diabetes	and 	146,	148

monitoring 	199,	201

in	necrotising	enterocolitis 	141

neonatal	alloimmune 	150

placental	insufficiency	syndromes	associated 	194–196

preterm	neonates 	23,	191,	192

in	protein	C	deficiency 	225

severe 	66,	190,	196,	199,	201,	215

severity,	prediction 	201



spurious,	cause 	190

transient	abnormal	myelopoiesis	and 	157

treatment 	191

Xlinked	 see	Xlinked	thrombocytopenia	(XLT)

thrombocytosis 	218–220

causes 	219,	219

extreme 	219

secondary,	in	Kawasaki	disease 	219

in	transient	abnormal	myelopoiesis 	219–220

thrombophilia

congenital 	224

screening	tests 	224

thrombopoiesis 	23–24

thrombopoietin	(TPO) 	23,	24

thrombopoietin	(THPO),	gene 	214

mutations 	214,	220

thrombosis/thrombotic	disorders 	224–226

acquired 	225

catheterrelated 	 225

genes	associated 	206,	224

inherited 	225–226

risk	in	neonates 	224

screening	tests 	224

treatment 	225

thrombotic	thrombocytopenic	purpura	(TTP) 	17,	65

hereditary 	66

T	lymphocyte(s) 	22

development 	22

TOPs	(Transfusion	of	Prematures)	trial 	87

'TORCH'	organisms 	201

Toxoplasma	gondii	infection 	137,	139



toxoplasmosis,	congenital 	204

anaemia	due	to 	39,	65

blood	film 	139

'blueberry	muffin'	skin 	204

thrombocytopenia	due	to 	204

transfusion,	red	cell	see	red	cell	transfusion

transfusionassociated	graft versushost	disease 	52,	226

transient	abnormal	myelopoiesis	(TAM),	in	Down	syndrome 	154,	155,	156–160

case	study 171–173,	172

clinical	features 	157,	171

fetal	presentation 	160

GATA1	gene	mutations 	132,	154,	155,	156,	158–159,	172,	206

haematological	features 	157–158,	158,	171,	172

eosinophilia 	132

increased	blast	cells 	134,	156,	157,	158,	159,	166,	171

increased	erythroblasts 	15

monocytosis 	133,	133

neutrophilia 	128,	130

thrombocytopenia 	157,	206

thrombocytosis 	157,	219–220

hydrops	fetalis 84

management 172

molecular	genetics 	158–159

natural	history	and	prognosis 	157,	159–160

prevalence 	154,	156

silent 155,	156,	157,	206

transient	erythroblastopenia 	90,	91

transient	myeloproliferative	disorder	see	transient	abnormal	myelopoiesis	(TAM)

triosephosphate	isomerase	(TPI)	deficiency 	60,	65

trisomies

neutrophilia 	128–129,	130

thrombocytopenia 	205

trisomy	13 	128–129,	130,	205



trisomy	18 	128,	129,	130,	205

trisomy	21	see	Down	syndrome

TRNT1	gene	mutations 	74,	75,	96

TSR2	gene	mutation 	42

tuberculosis

congenital 	205

'perinatal' 	205

tufted	angiomas 	67

tumour	lysis 	167

Turner	syndrome 	205

twin	anaemia–polycythaemia	sequence	(TAPS) 	76,	77,	85

twin	pregnancy,	DIC	in 	222

twin	studies,	neonatal	leukaemia 	166

twintotwin	transfusion	syndrome	(TTTS) 	 76–78,	84,	222

peripartum 	77

polycythaemia	due	to 	77,	85

u
umbilical	cord	see	cord	(umbilical)

v
vacuolation 	20

leucocytes 	141,	142,	143,	146

monocytes 	141,	143

neutrophils	see	neutrophil(s)

normoblasts 	43,	44

in	Pearson	syndrome 	43,	43,	44,	45

valganciclovir 	202

varicella	infection 	133

vasa	praevia 	80

venous	thrombosis 	225,	226



very	low	birthweight	neonates

anaemia	of	prematurity 	81

iron	supplements 	11

neutrophil	counts 	21

thrombocytopenia 	190

viral	infections

congenital 	18,	21,	142,	143,	144

band	cell	increase 	136

CMV	see	cytomegalovirus	(CMV)	infection,	congenital

thrombocytopenia	due	to 	202–204,	228,	229,	230

disseminated	intravascular	coagulation 	221,	222,	230–231

lymphocytosis	in 	131

neutropenia	due	to 	148

neutrophilia	in 	128

vitamin	B12 	17

deficiency 	17

vitamin	K

deficiency 	222,	227

prophylaxis 	222

intramuscular,	or	oral 	222,	223

intravenous/subcutaneous 	222

vitamin	Kdependent	bleeding	(VKDB) 	 222

vitamin	Kdependent	coagulation	factors 	 220

von	Willebrand	disease	(VWD) 	223

type	2B	and	type	3 	223

von	Willebrand	factor 	25,	223

VPS4A	gene	mutations 	46

w
WAS	gene	mutation 	212

white	cell	count	(WBC)	see	leucocyte(s)

Wiskott–Aldrich	syndrome 	133,	208,	212

Wolman	disease 	144,	145



x
Xlinked	thrombocytopenia	(XLT)  	208,	212

with	dyserythropoiesis 	213

GATA1	gene	mutation	causing 	208,	213

with	β	thalassaemia 	213

y
yolk	sac 	1,	2,	6

York	platelet	syndrome 	208,	211–212

z
zika	virus	infection 	203,	204
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