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Abstract
The known Microcephaly has recently received increased
attention because it is associated with congenital Zika virus
infection. The World Health Organization recommends that
countries at risk of Zika virus transmission collate baseline data
on the historical prevalence of microcephaly.
The new We report the prevalence and characteristics of
microcephaly in a geographically deﬁned Australian population
over a 35-year period. Signiﬁcant rate differences between
Aboriginal and non-Aboriginal births were identiﬁed.
The implications Our study provides a useful baseline that
will allow changes in microcephaly prevalence to be
measured, and raises important matters for consideration by
other jurisdictions reviewing their birth defects surveillance
systems.
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icrocephaly is a birth defect in which a child’s head is
smaller than expected for their age, sex and ethnicity;
there are, however, varying operational deﬁnitions
of how much smaller (eg, head circumference below the ﬁrst
or third percentile, or more than two or three standard deviations
below the mean value). The lack of a universally accepted deﬁnition complicates the comparison of prevalence estimates,
which range from 2 to 12 per 10 000 live births in the United
States,1 0.5 to 10 per 10 000 total births in EUROCAT registries
(source: http://www.eurocat-network.eu/accessprevalencedata/
prevalencetables), and 2 to 6 per 10 000 total births in Australia.2-4
Known causes of microcephaly include genetic conditions, metabolic diseases, teratogens (eg, alcohol), severe malnutrition (eg,
extreme placental insufﬁciency), and transplacental infections.5
For many children the cause is unknown.

Main outcome measures: Microcephaly prevalence (per 10 000
births) was calculated for cases with known and unknown
causes, and by demographic characteristics. Temporal trends
were analysed, and prevalence ratios (PRs) and 95% CIs
calculated for Aboriginal and non-Aboriginal births.
Results: For births during 1980e2009 (ie, with at least 6 years’
follow-up and therefore complete case ascertainment), 416
cases were identiﬁed, a prevalence of 5.5 per 10 000 births
(95% CI, 4.95e6.02), or 1 in 1830 births. There was no signiﬁcant
temporal trend in prevalence (P ¼ 0.23). Most cases were in liveborn children (389, 93.5%), and other major birth defects were
diagnosed in 335 of the affected children (80%). Prevalence was
higher in Aboriginal births (PR, 4.5; 95% CI, 3.55e5.73). A cause of
microcephaly was identiﬁed in 186 cases (45% of cases), and
more often for Aboriginal (64 cases, 70%) than non-Aboriginal
births (122 cases, 38%). The most frequent known cause of
microcephaly in Aboriginal births was fetal alcohol spectrum
disorder (FASD; 11 per 10 000 births); monogenic (0.68 per
10 000) and chromosomal conditions (0.59 per 10 000 births)
were the most common causes in non-Aboriginal births.
Conclusions: These data provide a baseline for prospective
surveillance of microcephaly. We identiﬁed a high proportion of
cases without known cause, highlighting the need for clinicians
to carefully investigate all possibilities, including emerging
infections. FASD is an important cause of microcephaly in the
Aboriginal population.
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Cases of microcephaly were identiﬁed in the Western Australian Register of Developmental Anomalies (WARDA), a
population-based statutory register with high ascertainment of
developmental anomalies (cerebral palsy and birth defects).3,11
Birth defects are deﬁned as structural or functional abnormalities present from conception or before the end of pregnancy
and ascertained after a live birth (diagnosed by 6 years of age),
stillbirth (minimum 20 weeks’ gestation), or a pregnancy
terminated because of detected fetal anomalies (regardless of
gestational age). Each defect (up to ten per case) is coded according to the British Paediatric Association extension to the
International Classiﬁcation of Diseases, ninth revision
(BPAeICD9).12
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Because of the many travellers returning from Zika-affected
countries and the potential for Zika virus transmission to become
established in Australia, we report baseline data on the prevalence
and characteristics of microcephaly in a geographically deﬁned
Australian population over a 35-year period (1980e2015).

Design, setting and participants: Descriptive epidemiological
study of microcephaly cases ascertained by the Western
Australian Register of Developmental Anomalies, 1980e2015,
deﬁning microcephaly as an occipito-frontal head circumference
below the third percentile or more than two standard deviations
below the mean sex- and age-appropriate distribution curve.
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Microcephaly has recently gained increased attention because of
its association with congenital Zika virus infection.6 It is predicted
that more than 2.2 billion people live in areas where there is a risk
of Zika virus infection.7 Local transmission has recently been reported in Singapore8 and in other common travel destinations for
Australians.9 The most common vector, the mosquito Aedes
aegypti, is found in northern and central Queensland; although
local transmission of Zika virus has not been reported, returning
travellers with Zika viraemia could infect local mosquitoes and
thereby cause a local outbreak. A. aegypti was once present in
other Australian states and territories, and there is concern that
the mosquito could become re-established outside Queensland.10

Objectives: To describe the prevalence and characteristics of
microcephaly in a geographically deﬁned Australian population.
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WARDA deﬁnes microcephaly as an occipito-frontal head
circumference below the third percentile or more than two standard deviations (SDs) below the mean sex- and age-appropriate
distribution curve. Any known primary cause (eg, infection,
clinical syndrome) is recorded, but the head circumference measurements are not recorded. All identiﬁed cases fulﬁlled the third
percentile criterion; either the head circumference measurement
was validated by WARDA staff, or the notiﬁer (specialist,
genetics services, neonatal units) conﬁrmed applying this criterion. The deﬁnition and registration criteria have not changed
since 1980.
We identiﬁed all cases of microcephaly (BPAeICD9, 742.10)
recorded during January 1980 e December 2015. Each case was
reviewed and classiﬁed according to aetiology:


cause unknown;



microcephaly associated with a chromosomal defect;



monogenic disorder known to affect head size;



known environmental cause (eg, fetal alcohol spectrum disorder [FASD]);



congenital infection; or



other cause.

We also grouped cases according to whether microcephaly was the
only defect (“isolated”), or further major birth defects were
reported (“associated”). We examined the age at diagnosis and
notiﬁcation sources.
Microcephaly prevalence was deﬁned as the total number of cases
(in live births, stillbirths and terminations of pregnancy for fetal
anomaly) divided by the number all births in WA, expressed as
number per 10 000 births. Tabulated denominator data for all WA
live and stillbirths of at least 20 weeks’ gestation during the study
period were obtained from the statutory WA Midwives Notiﬁcation System. The average annual change in prevalence was calculated by Poisson regression with an offset term. Birth prevalence
rates were analysed according to sex, mother’s Aboriginal status,
region of residence, known v unknown cause, and isolated v
associated microcephaly. We examined associated defects by organ system in cases with known and unknown causes. The prevalence of microcephaly of known and unknown cause in
Aboriginal births (5.7% of births during the study period) was
compared with that in non-Aboriginal births as prevalence ratios
(PRs) with 95% conﬁdence intervals (CIs). Analyses were performed in SPSS 23 (IBM) and EpiBasic (Aarhus University,
Denmark).
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Ethics approval
Ethics approval was obtained from the Human Research Ethics
Committee of the WA Health Department (reference, 2016/19).

352

Results
Among 963 126 births during 1980e2015, 478 cases of
microcephaly were ascertained, a prevalence of 5.0 per 10 000
births (95% CI, 4.53e5.43). For births during 1980e2009 (ie, with at
least 6 years’ follow-up and therefore with complete case ascertainment), 416 cases were identiﬁed, a prevalence of 5.5 per 10 000
births (95% CI, 4.95e6.02), or 1 in 1830 births.
Of the cases from 1980e2009, 389 (93.5%) involved live births; there
were seven stillbirths (1.7%) and 20 terminations of pregnancy for
fetal anomaly (4.8%). A cause of microcephaly was identiﬁed in 186
cases (45%), and more frequently for Aboriginal (64 cases, 70%)

than non-Aboriginal births (122, 38%). The most frequent known
cause in Aboriginal births was FASD (11 per 10 000 births; 95% CI,
8.2e14.6); in non-Aboriginal births the most frequent causes were
monogenic disorders (0.68 per 10 000 births; 95% CI, 0.51e0.90)
and chromosomal defects (0.59 per 10 000 births; 95% CI,
0.42e0.79) (Box 1).
The prevalence of microcephaly of unknown cause was higher
among Aboriginal than non-Aboriginal births (6.1 v 2.8 per 10 000
births; PR, 2.2; 95% CI, 1.38e3.22); this was also true for each type of
known cause, but was statistically signiﬁcant only for known
environmental (PR, 200; 95% CI, 73e756) and infectious causes
(PR, 4.2; 95% CI, 1.40e10.6) (Box 1).
There was no signiﬁcant temporal trend in microcephaly prevalence during 1980e2009 (Wald c2 test, P ¼ 0.23; Box 2). The prevalence of microcephaly of unknown cause declined from 3.4 per
10 000 births (95% CI, 2.7e4.2) during 1980e1989 to 2.6 per 10 000
births (95% CI, 2.0e3.2) during 2000e2009, a mean decline of
1.3% per year (95% CI, e2.4% to e0.2%; P ¼ 0.02); that of microcephaly with a known cause increased by a mean 0.4% per year
(95% CI, e1.3% to 2.0%; P ¼ 0.67). The average annual increases in
the prevalence of microcephaly associated with chromosomal
defects (0.6%; 95% CI, e2.1% to 3.4%; P ¼ 0.64), monogenic disorders (0.6%; 95% CI, e2.2% to 3.4%; P ¼ 0.67), and environmental
causes (2.6%; 95% CI, e0.3% to 5.4%; P ¼ 0.08) were statistically
non-signiﬁcant. We found a signiﬁcant 5.6% average annual
decline in the prevalence of microcephaly associated with
congenital infection (95% CI, e10.0% to e1.1%; P ¼ 0.01); the
change was evident for both Aboriginal (4.4% decline; 95% CI,
e12.9% to 4.2%; P ¼ 0.32) and non-Aboriginal births (6.0% decline;
95% CI, e10.6% to e1.5%; P ¼ 0.008), but was statistically signiﬁcant only for non-Aboriginal births.
The prevalence of microcephaly was similar for male and female
children, but higher for Aboriginal than non-Aboriginal
Australians (PR, 4.5; 95% CI, 3.55e5.73; Box 1). Prevalence was
much higher in remote regions, particularly that of microcephaly
of known cause (Box 3); this was inﬂuenced by the higher
proportion of Aboriginal births (and FASD) in these areas (data
not shown).
The 81 cases of isolated microcephaly (20% of all cases) were all of
unknown cause. All 186 cases with a known cause were associated
with other major birth defects, compared with 65% of the 230 cases
without a known cause (Box 4).
The overall prevalence of isolated microcephaly declined by a
mean 3.4% per year (95% CI, e5.3% to e1.4%; P ¼ 0.001); there was
no signiﬁcant change in the prevalence of microcephaly with
associated defects (P ¼ 0.86) (Box 2). Temporal changes in the
availability of folate supplements and the introduction of folic acid
fortiﬁcation of some foods were not associated with changes in the
prevalence of microcephaly (data not shown).
Microcephaly was diagnosed after the age of 12 months in 27% of
cases, increasing from 19% during the 1980s to 29% in the 1990s and
31% during 2000e2009 (Box 5). Isolated cases were more likely to
be diagnosed later (35% after 12 months of age), as were cases with
a known cause (30% after 12 months of age). For most cases with a
known cause diagnosed after 12 months of age, the cause was
FASD (52%).
The major notiﬁcation sources were geneticists, paediatricians, and
obstetric and paediatric hospitals. While paediatric and obstetric
hospitals maintained steady notiﬁcation rates, genetics services
played an increasingly important role; they contributed more than
one-quarter of reported cases during 2000e2009 (data not shown).
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1 Prevalence of microcephaly (per 10 000 births) by cause and Aboriginal status of the mother, Western Australia,
1980e2009
All cases
Cause
Total number of cases

Number

Prevalence
(95% CI)

Aboriginal
Number

Non-Aboriginal

Prevalence
(95% CI)

Number

Prevalence
(95% CI)

Prevalence
ratio (95% CI)

416

5.5
(4.95e6.02)

91

21
(16.5e25.2)

325

4.5
(4.05e5.05)

4.5
(3.55e5.73)

Unknown cause

230 (55%)

3.0
(2.64e3.44)

27

6.1
(4.01e8.86)

203

2.8
(2.46e3.25)

2.2
(1.38e3.22)

Known cause

186 (45%)

2.4
(2.10e2.82)

64

14
(11.11e18.43)

122

1.7
(1.41e2.03)

8.5
(6.17e11.6)

Chromosomal

47 (11%)

0.62
(0.45e0.82)

5

1.1
(0.37e2.63)

42

0.59
(0.42e0.79)

1.9
(0.59e4.86)

Monogenic

54 (13%)

0.71
(0.53e0.93)

5

1.1
(0.37e2.63)

49

0.68
(0.51e0.90)

1.6
(0.51e4.12)

Environmental

53 (13%)

0.70
(0.52e0.91)

49*

11
(8.2e14.6)

<5

0.06
(0.01e0.14)

200
(73e756)

52

0.68
(0.51e0.90)

49*

11
(8.2e14.6)

<5

0.04
(0.01e0.12)

260
(85e1320)

29 (7%)

0.38
(0.26e0.55)

6*

1.4
(0.50e2.94)

23

0.32
(0.20e0.48)

4.2
(1.40e10.6)

24

0.32
(0.20e0.47)

5*

1.1
(0.37e2.63)

19

0.26
(0.16e0.41)

4.2
(1.24e11.8)

5

0.07
(0.02e0.15)

<5

0.22
(0.01e1.26)

<5

0.06
(0.01e0.14)

4.0
(0.08e40.8)

<5

0.05
(0.01e0.14)

0

—

<5

0.06
(0.01e0.14)

—

Fetal alcohol spectrum
disorder*
Infectious
Cytomegalovirus*
Other infections
Other cause

* One child was diagnosed with both cytomegalovirus infection and fetal alcohol spectrum disorder. u

Most cases were notiﬁed by more than one source (mean, 2.8
notiﬁcations per case [SD, 1.76]; median, 2 notiﬁcations per case
[interquartile range, 1e4]).

births, with annual rates ranging between 2.9 and 7.7 per
10 000 births.

There are few published epidemiological studies of microcephaly,
and comparisons are complicated by differences in case deﬁnition,
period of ascertainment, pregnancy outcomes included, underlyDiscussion
ing population differences, and environmental variables. These
Our study, the ﬁrst descriptive epidemiological investigation difﬁculties were illustrated by a recent report of important variaof microcephaly in Australia, provides baseline data on the tions in the prevalence of microcephaly recorded by 16 European
prevalence of microcephaly in Western Australia over a birth defects registries.13 In Australia, national estimates are
35-year period. Most cases of microcephaly were in live-born difﬁcult because of major differences between states in the scope of
infants (93.5%), and the overall prevalence was 5.5 per 10 000 birth defects data collections.14 The most recent national data (for
births during 2002e2003),2 which did not include data
from the Northern Territory, found a lower prevalence
2 Prevalence of microcephaly in Western Australia, 1980e2015: overall
of microcephaly (1.9 per 10 000 births) than we did. Our
prevalence, and prevalence of cases with and without associated
results, however, are similar to those reported by other
anomalies*
registers using the same case deﬁnition and equivalent
follow-up periods, including the Atlanta Congenital
Defects Program1 and the South Australian Register4
(5.0e5.2 per 10 000 births).
MJA 206 (8)
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* From 2009, there is less than 6 years’ follow-up of births, so that ascertainment of cases will be
incomplete. u

Our prevalence estimates, and those reported by birth
defects registries in other countries, are well below the
rate of 230 cases per 10 000 births expected when a case
deﬁnition of an occipito-frontal head circumference
more than two SDs below the mean for age and sex is
applied. This implies that specialists are moderating
their notiﬁcations according to criteria other than head
circumference; these may include notifying cases when
they have clinical concern about the child, or when there
is an association with a particular cause (eg, trisomy 18).
This moderation probably operates in most surveillance systems, including our own. Although head
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3 Prevalence (per 10 000 births) of microcephaly in Western Australia, 1980e2009
All cases

Microcephaly of known cause

Microcephaly of unknown Cause

Number

Prevalence (95% CI)

Number

Prevalence (95% CI)

Number

Prevalence (95% CI)

416

5.5 (4.95e6.02)

186

2.4 (2.10e2.82)

230

3.0 (2.64e3.44)

Male

199

5.1 (4.41e5.85)

85

2.2 (1.74e2.69)

114

2.9 (2.41e3.51)

Female

216

5.8 (5.08e6.66)

101

2.7 (2.22e3.31)

115

3.1 (2.56e3.72)

All
Sex

Missing data

1

1

Aboriginal status of mother
Aboriginal

91

21 (16.52e25.2)

64

14 (11.11e18.4)

27

6.1 (4.01e8.86)

325

4.5 (4.05e5.05)

122

1.7 (1.41e2.03)

203

2.8 (2.46e3.25)

Metropolitan

261

4.8 (4.24e5.42)

103

1.9 (1.55e2.30)

158

2.9 (2.47e3.40)

Rural

74

5.2 (4.12e6.50)

31

2.2 (1.49e3.12)

43

3.0 (2.21e4.10)

Remote

81

11 (8.56e13.4)

52

6.9 (5.17e9.07)

29

3.9 (2.59e5.54)

Non-Aboriginal
Residential location*

* According to the postcode of the mother as recorded by WARDA at the time of her child’s birth. The eight WA Department of Health residential location categories were grouped
into three classes: metropolitan; rural (Great Southern, South-West, Wheatbelt, Midwest Murchison); and remote (Kimberley, PilbaraeGascoyne, GoldﬁeldseSoutheast). u

circumference or percentile measures were checked before registering a case of microcephaly in the database, the measurements
themselves are not recorded by WARDA. Adding these data to the
collection is planned, facilitating assessment of case severity and
comparisons with registries using different registration criteria.
We identiﬁed a cause for microcephaly in 45% of cases, and more
frequently for births to Aboriginal (70%) than to non-Aboriginal
mothers (38%). The ﬁgure for non-Aboriginal births was similar
to those reported from Atlanta (40%)15 and by a German clinicbased study in which the most common cause was genetic in
nature (29% of 680 cases;16 similar to the 28% of non-Aboriginal
births in our study). We found an average annual decline in

microcephaly cases of unknown cause of 1.3%; this may be
attributable to improved genetic diagnostic technologies and
increasing diagnosis of FASD, factors that may also account for the
declining number of cases of isolated microcephaly.
Our results highlight the contribution of FASD to microcephaly in
Aboriginal children, with a prevalence of FASD-associated
microcephaly (11 per 10 000 births) 260 times that for nonAboriginal births (0.04 per 10 000 births). FASD also contributed
to higher prevalence rates in remote areas of WA. A recent study
found that the prevalence of fetal alcohol syndrome in remote WA
Aboriginal communities among 7e8-year-old children was 12%,
and that 69% of these children had microcephaly;17 another study

4 Association of microcephaly (of known and unknown cause) with other congenital anomalies, Western Australia, 1980e2009

Total number of cases
Isolated microcephaly
Microcephaly associated with other defects
Associated defects by diagnostic category
Nervous system, apart from microcephaly
Neural tube defects

Microcephaly of known cause

Microcephaly of unknown Cause

416

186

230

81 (20%)

0

81 (35%)

335 (80%)

186 (100%)

149 (65%)

335

186

149

141 (34%)

50 (27%)

91 (61%)
19 (13%)

25 (6%)

6 (3%)

Chromosomal

47 (11%)

47 (25%)

0

Cardiovascular

49 (12%)

29 (16%)

20 (13%)

Respiratory
Gastrointestinal

15 (4%)

10 (5%)

5 (3%)

48 (12%)

20 (11%)

28 (19%)

Musculoskeletal

72 (17%)

35 (19%)

37 (25%)

Urogenital

68 (16%)

43 (23%)

25 (17%)

Eye

36 (9%)

24 (13%)

12 (8%)

8 (2%)

3 (2%)

5 (3%)
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All cases
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Ear, face, neck
Integument

4 (1%)

2 (1%)

2 (1%)

158 (38%)

142 (76%)

16 (11%)

Monogenic condition

58 (14%)

54 (29%)

4 (3%)

Fetal alcohol spectrum disorder

52 (12%)

52 (28%)

0

Other major diagnoses

Research
5 Number of cases of microcephaly in Western Australia, 1980e2015,
by age at diagnosis
Follow-up period

Age at diagnosis

At least 6 years
(416 cases)

Less than 6 years
(62 cases)

1980e1989 1990e1999 2000e2009

2010e2015

Prenatal

16 (12%)

25 (17%)

18 (13%)

18 (29%)

Within ﬁrst month
of life

47 (36%)

49 (33%)

40 (29%)

16 (26%)

> 1 month to 1 year

33 (26%)

26 (18%)

36 (26%)

16 (26%)

> 1 year to 3 years

16 (12%)

24 (16%)

27 (19%)

7 (11%)

9 (7%)

19 (13%)

17 (12%)

3 (5%)

and conjoined twins.5 We favour broader inclusion
criteria, especially in light of the evolving understanding
of the full spectrum of defects that may be associated
with congenital Zika infection. One in ﬁve deﬁnite or
probable cases of congenital Zika syndrome in a large
case series from Brazil were associated with brain abnormalities in infants without microcephaly, suggesting
that surveillance should not focus on microcephaly
alone.22 Other defects associated with Zika infection
include intracranial calciﬁcations, craniofacial malformations, severe arthrogryposis, and eye defects.23
WARDA includes each of these in its data collection.

Zika virus is the ﬁrst mosquito-borne virus associated
with human birth defects, and is also sexually transmissible. A recent editorial in the MJA24 highlighted the
Post mortem
8 (6%)
4 (3%)
2 (1%)
2 (3%)
robust Australian systems that enable rapid responses to
newly identiﬁed communicable diseases, but our
capacity for monitoring birth defects was not discussed.
reported a twofold increase in FASD notiﬁcations to WARDA for Medical practitioners have been advised to ask pregnant women
both Aboriginal and non-Aboriginal births during 1980e2010, about their recent travel history and to offer testing to those who
coinciding with increased state and national awareness of FASD.18 have visited Zika-affected areas. Birth defect registries that record
Nevertheless, FASD is still underdiagnosed, and this may partly the causes of birth defects are therefore likely to capture cases of
explain the higher prevalence of microcephaly of unknown cause microcephaly or other defects associated with Zika virus exposure in
in Aboriginal children (6.1 v 2.8 per 10 000 non-Aboriginal births), returned travellers. Our capacity to detect changes in the prevalence
and may also account for some cases of unknown cause in non- of microcephaly caused by local transmission of the virus is less
Aboriginal infants. The higher prevalence of microcephaly of un- clear, as infection is frequently asymptomatic, and the collection of
known cause among Aboriginal Australians may also be related to data on birth defects in this country is not standardised, with wide
the relative lack of access to or engagement with health care ser- variability between states in case ascertainment.14
vices and the paucity of genomic reference data for Aboriginal
As remote regions in Northern Australia either already harbour or
Australians.19 The release of the Australian guide for diagnosing
are at risk of harbouring A. aegypti mosquitoes, enhanced moni20
FASD and the Partnership Grants (“Models and quality of getoring of birth defects in these areas (and also of FASD) is
netic health services for Aboriginal and Torres Strait Islander
important. The Australian Paediatric Surveillance Unit project for
people”) co-funded by the National Health and Medical Research
the surveillance of microcephaly in infants under 12 months of age
Council and the Lowitja Institute may advance aetiological inis important for responding to the challenges of geographically
vestigations. In addition, a major research program for investiequitable case ascertainment.25
gating the diagnosis, prevention and management of FASD is
underway in WA.21
Attempts to standardise state and territory birth defects data
collections have been unsuccessful.26 In the absence of national
In 27% of cases, microcephaly was diagnosed in children more than
data, our study provides a useful baseline for measuring changes in
12 months old. This large proportion would be missed were ascermicrocephaly prevalence, and highlights important matters for
tainment periods shorter. This factor may be particularly important
consideration by other jurisdictions reviewing their birth defects
when differentiating cases of known and unknown cause, especially
surveillance systems.
when microcephaly is associated with conditions (such as FASD and
18
speciﬁc genetic anomalies) that are often diagnosed at a later age.
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