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Abstract	

	

The	 present	 report	 examines	 the	 impact	 of		 the	 current	 limitations	 of	 the	

microcephaly	definition	 in	the	context	of	 the	Zika	virus	outbreak.	 It	highlights	 its	

dependence	 on	 the	 method	 used	 for	 determining	 gestational	 age	 and	 other	

anthropometric	 parameters,	 and	 includes	 original	 results	 of	 prevalence	 of	

microcephaly	in	four	countries	from	two	different	continents	(Mozambique,	Brazil,	

Guatemala	and	Colombia).	Alternative	definitions	of	microcephaly	are	proposed	in	

order	to	allow	the	identification	of	true	cases	of	microcephaly	in	a	more	accurate	

manner.	
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The	epidemic	of	Zika	virus	(ZIKV)	is	steadily	spreading	in	the	Americas,	as	well	as	

in	 some	 African	 and	 Asian	 countries.	 Although	 most	 infections	 seem	 to	 be	

asymptomatic	 or	 with	 a	 mild	 clinical	 presentation,	 ZIKV	 infection	 during	

pregnancy	has	been	associated	with	severe	fetal	outcomes,	including	microcephaly	

(1).	The	WHO	has	recommended	reporting	the	prevalence	of	microcephaly	as	part	

of	the	ZIKV	surveillance	in	countries	at	risk	or	with	ongoing	transmission.		

	

Microcephaly	is	a	neurological	condition	in	which	the	head	circumference	(HC)	is	

smaller	 than	 expected	 in	 a	 baby	 of	 the	 same	 gestational	 age	 (GA)	 and	 sex.	 It	 is	

estimated	to	occur	in	1	per	6200-8500	births	and	it	may	be	associated	with	mental	

retardation	(2).	

	

Different	HC	cut-off	values	have	been	used	for	defining	microcephaly.	According	to	

a	 recent	 WHO	 interim	 guidance	 update,	 microcephaly	 is	 recommended	 to	 be	

defined	 as	 a	 HC	 below	 two	 Standard	 Deviations	 on	 the	 reference	 curves,	 as	

measured	in	the	first	24	hours	of	life	(3).	For	full	term	newborns	(37-41	weeks),	it	

is	suggested	to	use	the	WHO	growth	curves,	by	sex	(that	is,	a	cut	off	of	31.5	cm	and	

31.9	cm	for	girls	and	boys	respectively)	(4).	Intergrowth-21	Size	at	Birth	Standards	

(5)	 are	 preferred	 for	 premature	 and	 post	 term	 newborns	 or	 when	 accurate	

gestational	age	is	known.	Currently,	international	recommendations	for	identifying	

cases	 of	 microcephaly	 warn	 of	 the	 importance	 of	 accuracy	 in	 determining	

gestational	age	and	proportionality	of	HC	to	body	size	(3),	which	are	two	issues	not	

taken	 into	 account	 in	 the	 previous	 various	 definitions	 of	 microcephaly	 used.	
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However,	these	warnings	do	not	materialize	into	concrete	and	objective	measures	

and,	 therefore,	 neonates	 that	 need	 special	management	 and	 follow-up	 should	be	

identified	 only	 by	 the	 experience	 and	 subjectivity	 of	 the	 health	 professionals	

providing	care	to	neonates	and	their	families.	

	

Several	methods	can	be	used	 to	estimate	gestational	age,	such	as	 the	date	of	 last	

menstrual	 period	 (LMP),	 ultrasound	 (US),	 or	 clinical	 assessment.	 Postnatal	

examination	of	the	newborn	with	clinical	scoring	for	external	and/or	neurological	

characteristics,	such	as	the	Dubowitz	test	(6)	or	Ballard	score	(7),	are	used	in	low-

income	countries	where	LMP	estimates	are	usually	unreliable,	attendance	in	early	

pregnancy	 for	 prenatal	 care	 is	 unusual	 and	 ultrasound	 examination	 is	 rarely	

available.	The	agreement	between	these	methods	has	not	been	well	established.	It	

has	 been	 observed	 that	 Dubowitz	 score	 underestimates	 GA	 in	 small-for	

gestational-age	(SGA)	and	term	infants	(8).	In	addition,	Ballard	exam	misclassified	

approximately	 80%	 of	 preterm	 infants	 as	 term	 when	 compared	 with	 the	 best	

obstetric	estimate	combining	LMP	with	US,	suggesting	an	overestimation	of	GA	(9).		

	

A	small	head	is	not	strictly	synonymous	with	microcephaly.	It	could	be	the	result	of	

intrauterine	growth	retardation	as	it	happens	in	SGA	babies,	or	simply	be	due	to	a	

genetic	 family	 condition	 (10).	 The	 disproportionality	 between	 the	 cranial	

dimension	and	body	size	is	omitted	in	the	definition	of	microcephaly.	Few	studies	

have	investigated	the	association	between	HC	and	other	anthropometric	measures,	

such	as	weight	and	height,	with	widely	variable	and	even	conflicting	results	(11).	

Cubed	 HC	 and	 body	 weight	 significantly	 correlate,	 giving	 an	 almost	 constant	

average	 of	 10	 cm3/g	 and	 standard	 deviation	 of	 1,	 and	 this	 seems	 to	 be	 a	 useful	
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index	 to	 assess	 the	 proportion	 of	 head	 size	 to	 body	 mass	 at	 birth	 and	 during	

infancy	(12).	The	measurement	of	this	index	could	contribute	to	early	diagnosis	of	

diseases	such	as	hydrocephalus	or	microcephaly	(12).	

	

To	 illustrate	 this	 discussion	 and	 provide	 baseline	 data	 for	 surveillance,	we	 have	

calculated	 the	prevalence	of	microcephaly	 in	babies	born	 to	mothers	 enrolled	 in	

two	different	pregnancy	 cohort	 studies	 among	Mozambican	women	 (13,	14,	15),	

where	Dubowitz	and	Ballard	tests	were	used	to	determine	the	GA;	and	in	another	

study	 carried	 out	 in	 three	 Latin	 American	 countries	 (Guatemala,	 Brazil	 and	

Colombia)	(16),	in	which	the	Ballard	score	or	ultrasound	were	used.	Results	of	the	

estimated	 prevalence	 of	 microcephaly	 in	 4730	 newborns	 of	 26-42	 weeks	 of	

gestational	 age	 with	 complete	 information	 of	 anthropometric	 measurements	 at	

birth	are	shown	in	Table	1.		

	

The	prevalences	of	microcephaly	defined	according	to	WHO	guidelines	were	1.7%	

and	 4.1%	 in	Mozambique;	 and	 8.2%,	 12.5%	 and	 15.2%	 in	 Brazil,	 Colombia	 and	

Guatemala	 respectively	 (Table	 1).	 The	difference	 in	 prevalence	 between	 the	 two	

studies	 in	Mozambique	could	be	explained	by	 the	different	methods	used	 for	GA	

estimation.	Of	the	total	327	cases	of	microcephaly,	169	were	SGA	(52%)	and	they	

had	a	mean	ratio	of	HC	relative	to	body	mass	of	12.2	cm3/g	[95%CI:	(11.9,	12.6)],	

which	is	above	the	reference	average	of	10	cm3/g.	This	suggests	that	their	heads	

were	 not	 smaller	 than	 expected	 for	 their	 body	 size,	 but	 they	were	 either	 babies	

with	growth	retardation,	or	 there	was	an	overestimation	of	 their	GA.	 In	contrast,	

the	corresponding	mean	ratio	among	newborns	with	microcephaly	who	were	not	

SGA	was	 10.0	 cm3/g	 [95%CI:	 (9.8,	 10.2)],	which	means	 that	 some	 of	 them	may	
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truly	 have	 a	 smaller	 than	 expected	 head.	 Consequently,	 we	 calculated	 the	

prevalence	 of	 microcephaly	 among	 babies	 not	 SGA	 (central	 column	 of	 Table	 1),	

obtaining	a	much	lower	proportion	of	microcephaly.		The	values	obtained	with	this	

definition	 should	 be	 closer	 to	 reality	 since	 it	 incorporates	 the	 concept	 of	

disproportionality	of	HC	to	body	size	taking	into	account	whether	the	newborn	is	

SGA	 or	 not.	 This	 is	 one	 explicit	 recommendation	 of	 the	WHO	 guidelines,	 but	 no	

objective	measure	is	proposed	for	it,	and	SGA	could	be	one	of	them.	However,	this	

definition	does	not	allow	to	identify	microcephaly	among	SGA	newborns.	Thus,	in	

order	 to	 assess	 the	 prevalence	 of	 microcephaly	 including	 those	 with	 SGA,	 we	

propose	an	alternative	definition	(third	column	of	Table	1)	that	takes	into	account	

the	 ratio	 of	HC	 to	 body	weight.	 The	main	 advantage	 of	 using	 this	 ratio	 is	 that	 it	

does	 not	 depend	 on	 the	 method	 used	 for	 GA	 assessment,	 all	 of	 which	 have	

important	limitations	in	low	and	middle-income	settings.	Thus,	it	could	widely	be	

used	 in	 these	 settings	 for	 individual	 case	 management	 and	 microcephaly	

surveillance	in	a	more	accurate	manner.	

	



	 7	

	
	

Acknowledgments	

	

The	 authors	 are	 grateful	 to	 all	 the	 pregnant	 women,	 the	 medical	 staff	 and	

technicians	who	have	participated	in	the	studies.		

	



	 8	

	
	

REFERENCES	

	

1.		 Brasil	P,	Pereira	JP,	Raja	Gabaglia	C,	Damasceno	L,	Wakimoto	M,	Ribeiro	

Nogueira	RM,	et	al.	Zika	Virus	Infection	in	Pregnant	Women	in	Rio	de	Janeiro	-	

Preliminary	Report.	N	Engl	J	Med.	2016	Mar	4;		

2.		 Krauss	MJ,	Morrissey	AE,	Winn	HN,	Amon	E,	Leet	TL.	Microcephaly:	an	

epidemiologic	analysis.	Am	J	Obstet	Gynecol.	2003	Jun;188(6):1484–9;	discussion	

1489–90.		

3.		 World	Health	Organization.	Screening,	assessment	and	management	of	

neonates	and	infants	with	complications	associated	with	Zika	virus	exposure	in	

utero.	Interim	guidance.	

http://apps.who.int/iris/bitstream/10665/204475/1/WHO_ZIKV_MOC_16.3_eng.

pdf	[Last	accessed	07	February	2017].	2016		

4.		 World	Health	Organization.	WHO	Child	Growth	Standards.	

http://www.who.int/childgrowth/en/	[Last	accessed	07	February	2017].	2007		

5.		 Villar	J,	Altman	DG,	Purwar	M,	Noble	JA,	Knight	HE,	Ruyan	P,	et	al.	The	

objectives,	design	and	implementation	of	the	INTERGROWTH-21st	Project.	BJOG.	

2013;120(Suppl	2):9–26.		

6.		 Dubowitz	LM,	Dubowitz	V,	Goldberg	C.	Clinical	assessment	of	gestational	

age	in	the	newborn	infant.	J	Pediatr.	1970	Jul;77(1):1–10.		

7.		 Ballard	JL,	Khoury	JC,	Wedig	K,	Wang	L,	Eilers-Walsman	BL,	Lipp	R.	New	

Ballard	Score,	expanded	to	include	extremely	premature	infants.	J	Pediatr.	1991	

Sep;119(3):417–23.		



	 9	

8.		 Robillard	PY,	De	Caunes	F,	Alexander	GR,	Sergent	MP.	Validity	of	postnatal	

assessments	of	gestational	age	in	low	birthweight	infants	from	a	Caribbean	

community.	J	Perinatol	Off	J	Calif	Perinat	Assoc.	1992	Jun;12(2):115–9.		

9.		 Wylie	BJ,	Kalilani-Phiri	L,	Madanitsa	M,	Membe	G,	Nyirenda	O,	Mawindo	P,	

et	al.	Gestational	age	assessment	in	malaria	pregnancy	cohorts:	a	prospective	

ultrasound	demonstration	project	in	Malawi.	Malar	J.	2013;12:183.		

10.		 Illingworth	RS,	Lutz	W.	Head	circumference	of	infants	related	to	body	

weight.	Arch	Dis	Child.	1965	Dec;40(214):672–6.		

11.		 Geraedts	EJ,	van	Dommelen	P,	Caliebe	J,	Visser	R,	Ranke	MB,	van	Buuren	S,	

et	al.	Association	between	Head	Circumference	and	Body	Size.	Horm	Res	Paediatr.	

2011;75(3):213–9.		

12.		 Nishi	M,	Miyake	H,	Akashi	H,	Shimizu	H,	Tateyama	H,	Chaki	R,	et	al.	An	index	

for	proportion	of	head	size	to	body	mass	during	infancy.	J	Child	Neurol.	1992	

Oct;7(4):400–3.		

13.		 Menéndez	C,	Bardají	A,	Sigauque	B,	Romagosa	C,	Sanz	S,	Serra-Casas	E,	et	al.	

A	randomized	placebo-controlled	trial	of	intermittent	preventive	treatment	in	

pregnant	women	in	the	context	of	insecticide	treated	nets	delivered	through	the	

antenatal	clinic.	PloS	One.	2008;3(4):e1934.		

14.		 González	R,	Desai	M,	Macete	E,	Ouma	P,	Kakolwa	MA,	Abdulla	S,	et	al.	

Intermittent	preventive	treatment	of	malaria	in	pregnancy	with	mefloquine	in	HIV-

infected	women	receiving	cotrimoxazole	prophylaxis:	a	multicenter	randomized	

placebo-controlled	trial.	PLoS	Med.	2014	Sep;11(9):e1001735.		

15.		 González	R,	Mombo-Ngoma	G,	Ouédraogo	S,	Kakolwa	MA,	Abdulla	S,	

Accrombessi	M,	et	al.	Intermittent	preventive	treatment	of	malaria	in	pregnancy	

with	mefloquine	in	HIV-negative	women:	a	multicentre	randomized	controlled	



	 10	

trial.	PLoS	Med.	2014	Sep;11(9):e1001733.		

16.		 Mayor	A,	Bardají	A,	Felger	I,	King	CL,	Cisteró	P,	Dobaño	C,	et	al.	Placental	

infection	with	Plasmodium	vivax:	a	histopathological	and	molecular	study.	J	Infect	

Dis.	2012	Dec	15;206(12):1904–10.		

	

	
	



Table	1.	Prevalence	of	Microcephaly	and	95%	Confidence	Interval	at	different	sites	and	methods	for	GA	assessment	
	

Site	 Gestational	age	(a)		 Microcephaly	(b)		 Microcephaly	(b)		 Microcephaly	(b)		
&	not	SGA	(c)		 &	disproportionality	(d)		

Mozambique	(e)		

Prematures	 5/41	[12.2%;	(4.1,	26.2)]	 0/41	[0.0%;	(0.0,	8.6)]	 0/41	[0.0%;	(0.0,	8.6)]	
Full	term	 10/795	[1.3%;	(0.6,	2.3)]	 0/795	[0.0%;	(0.0,	0.5)]	 1/795	[0.1%;	(0.0,	0.7)]	
Post	term	 1/104	[1.0%;	(0.0,	5.2)]	 0/104	[0.0%;	(0.0,	3.5)]	 0/104	[0.0%;	(0.0,	3.5)]	
Overall	 16/940	[1.7%;	(1.0,	2.7)]	 0/940	[0.0%;	(0.0,	0.4)]	 1/940	[0.1%;	(0.0,	0.6)]	

Mozambique	(f)		

Prematures	 11/165	[6.7%;	(3.4,	11.6)]	 3/165	[1.8%;	(0.4,	5.2)]	 0/165	[0.0%;	(0.0,	2.2)]	
Full	term	 65/1680	[3.9%;	(3.0,	4.9)]	 38/1680	[2.3%;	(1.6,	3.1)]	 15/1680	[0.9%;	(0.5,	1.5)]	
Post	term	 0/26	[0.0%;	(0.0,	13.2)]	 0/26	[0.0%;	(0.0,	13.2)]	 0/26	[0.0%;	(0.0,	13.2)]	
Overall	 76/1871	[4.1%;	(3.2,	5.1)]	 41/1871	[2.2%;	(1.6,	3.0)]	 15/1871	[0.8%;	(0.4,	1.3)]	

Brazil	(f)		

Prematures	 5/27	[18.5%;	(6.3,	38.1)]	 2/27	[7.4%;	(0.9,	24.3)]	 0/27	[0.0%;	(0.0,	12.8)]	
Full	term	 52/653	[8.0%;	(6.0,	10.3)]	 27/653	[4.1%;	(2.7,	6.0)]	 17/653	[2.6%;	(1.5,	4.1)]	
Post	term	 2/37	[5.4%;	(0.7,	18.2)]	 2/37	[5.4%;	(0.7,	18.2)]	 2/37	[5.4%;	(0.7,	18.2)]	
Overall	 59/717	[8.2%;	(6.3,	10.5)]	 31/717	[4.3%;	(3.0,	6.1)]	 19/717	[2.6%;	(1.6,	4.1)]	

Colombia	(g)		

Prematures	 1/33	[3.0%;	(0.1,	15.8)]	 0/33	[0.0%;	(0.0,	10.6)]	 0/33	[0.0%;	(0.0,	10.6)]	
Full	term	 23/187	[12.3%;	(8.0,	17.9)]	 19/187	[10.2%;	(6.2,	15.4)]	 10/187	[5.3%;	(2.6,	9.6)]	
Post	term	 8/35	[22.9%;	(10.4,	40.1)]	 6/35	[17.1%;	(6.6,	33.6)]	 7/35	[20.0%;	(8.4,	36.9)]	
Overall	 32/255	[12.5%;	(8.7,	17.3)]	 25/255	[9.8%;	(6.4,	14.1)]	 17/255	[6.7%;	(3.9,	10.5)]	

Guatemala	(f)		

Prematures	 2/42	[4.8%;	(0.6,	16.2)]	 2/42	[4.8%;	(0.6,	16.2)]	 1/42	[2.4%;	(0.1,	12.6)]	
Full	term	 48/592	[8.1%;	(6.0,	10.6)]	 29/592	[4.9%;	(3.3,	7.0)]	 14/592	[2.4%;	(1.3,	3.9)]	
Post	term	 94/313	[30.0%;	(25.0,	35.4)]	 30/313	[9.6%;	(6.6,	13.4)]	 20/313	[6.4%;	(3.9,	9.7)]	
Overall	 144/947	[15.2%;	(13.0,	17.7)]	 61/947	[6.4%;	(5.0,	8.2)]	 35/947	[3.7%;	(2.6,	5.1)]	

	
	(a):	Prematures	(born	before	37	weeks	of	pregnancy),	full	term	(37	to	41	weeks),	or	post	term	(more	than	41	weeks	of	pregnancy)	
(b):	Defined	according	to	the	WHO	Child	Growth	Standards	for	full	term	neonates	from	Mozambique,	Brazil	and	Guatemala	(not	accurate	
gestational	age);	Intergrowth-21	Size	at	Birth	Standards	were	used	for	full	term	neonates	from	Colombia	(gestational	age	determined	by	
US)	and	for	all	prematures	and	post	term	neonates	
(c):	Defined	as	having	a	birth	weight	less	than	the	10th	percentile	for	the	gestational	age	according	the	Intergrowth-21	Size	at	Birth	
Standards	
(d):(HC(cm)3/Body	weight(g))	<	10	
(e):	Gestational	age	by	Dubowitz	test	
(f):	Gestational	age	by	Ballard	score	
(g):	Gestational	age	by	Ultrasound	


