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BACKGROUND AND OBJECTIVES: Severe microcephaly, or head circumference at least 3 standard deviations
below the mean for age and se, is a rare condition with diverse etiology, making diagnosis chal-
lenging. Following the 2015 to 2016 Zika virus outbreak, surveillance studies in Australia, Canada,
New Zealand, and the United Kingdom and Ireland were conducted to monitor severe microcephaly.
We describe the etiology, clinical features, and diagnostic investigations of severe microcephaly
among children aged younger than 1 year.

METHODS: We pooled reports of patients with severe microcephaly detected through 4 national active
surveillance studies, through the International Network of Paediatric Surveillance Units. Incident
cases were reported voluntarily between June 2016 and October 2018 by networks of pediatricians
totaling more than 8000 members. Etiology was categorized as genetic (confirmed/suspected),
acquired (infection, ischemia/hypoxia, prenatal alcohol exposure, placental insufficiency), or
unknown. Anonymized data were pooled and analyzed using descriptive statistics.

RESULTS: Overall, the cases of 118 patients with severe microcephaly were analyzed, including 59
from the United Kingdom and Ireland, 34 from Canada, and 25 from Australia (n <5 cases from
New Zealand were not analyzed). Median age at diagnosis was 17 days (IQR 1-119), and mean head
circumference-for-age Z-score was —4.0 (SD 1.1). Genetic causes were determined for 50% (n = 59)
vs 18% acquired (n = 21) and 32% unknown (n = 38). Common investigations included brain mag-
netic resonance imaging (70%), DNA microarray (69%), brain ultrasonography (53%), and cyto-
megalovirus screening (48%).

CONCLUSIONS: At least one-half of severe microcephaly cases are attributable to genetic causes. One-
third had unknown etiology, highlighting a need for a systematic approach to diagnostic investiga-
tion, including genomic sequencing and brain imaging for all children with severe microcephaly.
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is a rare condition that can develop prenatally or in
infancy. The causes of severe microcephaly are
heterogeneous, and many cases have unknown etiology,
suggesting a need for protocols to facilitate systematic
investigation to improve diagnosis and management.

WHAT THIS STUDY ADDS: Among 118 severe
microcephaly cases in this multinational study, 50% were
attributable to genetic causes, 18% were acquired, and
32% had unknown etiology, with variability in
investigations. There is considerable potential to enhance
and standardize diagnostic investigations for severe
microcephaly.
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INTRODUCTION

Microcephaly is a rare anomaly of the central nervous sys-
tem that can manifest during fetal development or infancy."
Microcephaly became a matter of public health interest fol-
lowing an outbreak of congenital Zika virus (ZIKV) infection
first reported in Brazil in 2015.% The rapid spread of ZIKV to
several countries and the unusual increase in the reporting
of infants born with microcephaly led the World Health
Organization (WHO) to declare an international public
health emergency in 2016.% In response to the outbreak
and the paucity of population-based data for children with
microcephaly, members of the International Network of
Paediatric Surveillance Units (INoPSU) including Australia,
Canada, New Zealand, and the United Kingdom and Ireland
initiated surveillance for severe microcephaly, defined as a
head circumference of at least 3 SDs below the mean for age
and sex.*™ These studies identified similar national inci-
dence rates of severe microcephaly between 4.0 and 5.5
cases per 100 000 live births and provide a basis for inves-
tigating the etiology and clinical practices associated with
severe microcephaly in a dataset representative of contem-
porary populations in high-income settings.

The etiology of severe microcephaly is heterogeneous.
Causes include genetic disorders, brain injury, congenital
infections, prenatal exposure to teratogens, and severe dep-
rivation (eg, maternal malnutrition and placental insuffi-
ciency).2? Severe microcephaly may present in isolation
or in association with other birth defects, and children with
this condition can experience considerable morbidity
including neurodisability.>? Microcephaly can also be clas-
sified as either proportionate (symmetric) or dispropor-
tionate (asymmetric), although standardized definitions
of proportionality do not exist. Practice guidelines loosely
define proportionate microcephaly as having similar
percentiles for head circumference, weight, and length/
height,’®''  whereas disproportionate microcephaly
describes head circumference measurements or Z-scores
that are discordant from either weight or length /height val-
ues, although exact thresholds differ across studies.”**"*
There is conflicting evidence regarding the association
between proportionality, etiology, and neurodevelopmen-
tal prognosis.*’

The aim of this study was to compare the clinical and etio-
logic features of infants with severe microcephaly identified
by 4 national public health surveillance units with equiva-
lent methodologies and to provide additional insights into
the potential for improving diagnosis, clinical and develop-
mental management, and future prevention strategies.

METHODS

Study Design and Population

We conducted secondary data analysis of cases of severe
microcephaly using data collected prospectively through

2

4 national public health surveillance networks, collaborat-
ing through INoPSU.' Specifically, national studies were
conducted through the Australian Paediatric Surveillance
Unit (APSU; June 2016-July 2018), British Paediatric
Surveillance Unit (BPSU; October 2017-October 2018),
Canadian Paediatric Surveillance Program (CPSP; June
2016-May 2018), and New Zealand Paediatric Surveillance
Unit (NZPSU; August 2016-July 2019). Similar active sur-
veillance methods were used in each program. National net-
works of pediatricians and pediatric subspecialists, totaling
over 8000 members across the 4 programs, were contacted
each month and asked to report incident cases of conditions
of interest, including microcephaly or severe microcephaly.
Pediatricians who reported any cases were sent a case
report form and were asked to voluntarily provide detailed
data through review of case notes or medical records. Each
national program has authority to collect health informa-
tion for surveillance purposes without patient consent.
Data were reported and collected anonymously by partici-
pating physicians. Results of the APSU,*> BPSU,” and CPSP®
studies have been published, and concurrent surveillance of
congenital Zika syndrome is reported elsewhere.®'®

Children aged younger than 1 year were eligible to be
reported if they met criteria defined by head circumference
or head circumference-for-age Z-scores (HCAZ), which
were overlapping but nonidentical between studies. The
APSU monitored all microcephaly with HCAZ < -2 SD.
The BPSU, CPSP, and NZPSU monitored severe micro-
cephaly but applied different HCAZ entry criteria, as
described in Supplemental Table 1. Notably, all studies
included children aged younger than 1 year with HCAZ
< —3 SD. For this secondary data analysis, we included chil-
dren aged younger than 1 year and whose head circumfer-
ence measurement met country-specific anthropometric
criteria for severe microcephaly. Notably, fewer than 5 eli-
gible cases from New Zealand were reported during the
study period and were excluded from the analysis to pre-
vent patient disclosure in accordance with national privacy
policies.

Study Definitions

Standardized case report forms were used by each program,
and although not identical, the ascertainment of many data
elements was consistent across the 4 programs. We report
only data elements collected in at least 2 programs. We
describe infant characteristics including demographics, gesta-
tional age at birth, anthropometry at birth and microcephaly
diagnosis, clinical manifestations by the time of diagnosis, and
the etiology of severe microcephaly. HCAZ, recumbent length-
for-age Z-scores (LAZ), and weight-for-age Z-scores (WAZ)
were calculated using the INTERGROWTH-21st standards or
WHO Child Growth Standards, as appropriate.'”*® Maternal
characteristics included prenatal comorbidities and expo-
sures, travel history during pregnancy or preconception,
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and prior pregnancy loss. We also describe familial history
of congenital anomalies, and investigations conducted to
identify an underlying diagnosis or exposure. In some
instances, we combined heterogeneous data elements that
ascertained similar concepts (eg, “any prenatal alcohol con-
sumption” in APSU and CPSP vs “treated for alcohol prob-
lems during pregnancy” in BPSU), described further in
Supplemental Table 2.

Physician reporting of underlying etiology varied both
within and between surveillance programs. Therefore, for
each program, investigator teams with expertise across
multiple specialties adjudicated the clinical, diagnostic,
and epidemiologic history of all cases to ensure that the
etiologic classification was standardized and internally con-
sistent. At the outset of this multinational study, an inves-
tigator working group met to establish a consensus set of
etiologic categories. Etiology could not be determined for
all cases by a common set of reviewers, given that privacy
rules prohibited the sharing of full patient data between
programs. We therefore relied upon adjudication previ-
ously conducted for each country-specific study
(Supplemental Table 3), with only minor changes to harmo-
nize the etiologic categories to those established for this
study. The investigator working group further discussed
examples of etiological classification for specific diagnoses
to ensure consistency between programs. Here, we classi-
fied the etiology of severe microcephaly as attributable to
confirmed or suspected genetic causes, hypoxia or ischemia,
infection, placental insufficiency, prenatal alcohol exposure,
or unknown causes. Given small group sizes, we further
aggregated hypoxia or ischemia, infection, placental insuffi-
ciency, and prenatal alcohol exposure as “acquired” causes
in the analysis, as recommended in the American Academy
of Neurology (AAN) guidelines.'° Although classification of
acquired causes was consistent across countries, there
were differences in the adjudication of genetic causes
(Supplemental Table 3). The APSU study required abnormal
genetic testing to be classified as a genetic cause, whereas
the BPSU and CPSP studies did not. In addition to abnormal
genetic testing, the CPSP study considered cases with a fam-
ily history of congenital anomalies plus specific dysmorphic
features as genetic, whereas the BPSU study considered
cases with a family history of congenital anomalies or con-
sanguinity as genetic. Given the constraints of data sharing
activities for this study, we considered this group as
“confirmed or suspected” genetic causes in the analysis.
Confirmed genetic etiologies were further classified by pat-
tern of inheritance, guided by Orphanet.'®

Microcephaly proportionality was assessed using defini-
tions published by Noyola et al'® and von der Hagen et al’
(later adapted by de Magalhies-Barbosa et al** for severe
microcephaly). Noyola et al defined proportionate micro-
cephaly as HCAZ — WAZ > -2 and disproportionate micro-
cephaly as HCAZ — WAZ < —2. de Magalhaes-Barbosa et al
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defined proportionate microcephaly as HCAZ, WAZ, and
LAZ < -3 SD and disproportionate microcephaly as HCAZ
< —3 SD with either WAZ or LAZ > -3 SD. We adapted
this definition such that disproportionate microcephaly
included cases meeting country-specific HCAZ criteria with
WAZ < —3 SD and excluded LAZ criteria due to high miss-
ingness in length measurements.

Statistical Analysis

Aggregated categorical data and anonymized continuous
data were shared with 1 central contact for analysis. We
summarized data using means with SD, medians with
IQR, or frequencies with percentages. Summary statistics
were reported among all complete cases and stratified by
etiology (genetic, acquired, or unknown) or jurisdiction
(Australia, Canada, or United Kingdom and Ireland).
Between-group differences were analyzed using Student ¢
tests, analysis of variance, Wilcoxon rank-sum tests,
Kruskal-Wallis tests, XZ tests, or Fisher exact tests, as appro-
priate. All statistical tests were 2-tailed, used a statistical
significance threshold of a=.05, and did not account for
multiplicity. Some frequencies between 1 and 4 were
masked as “<5” in accordance with British and Canadian
privacy policies, whereas some larger frequencies were pre-
sented as ranges to prevent back-calculation of frequencies
below 5. Data sharing agreements were approved with the
explicit understanding that any disseminated materials
would abide by these ethical and legal policies. The fre-
quency of missing data was reported using footnotes, or
complete case denominators were explicitly reported.
The analysis was conducted using Microsoft Excel
(Microsoft) and Stata version 18.5 (StataCorp LLC).

RESULTS

In total, 118 children aged younger than 1 year met country-
specific criteria for severe microcephaly, including 59 in the
United Kingdom and Ireland (50%), 34 in Canada (29%),
and 25 in Australia (21%; Figure 1). Infants were diagnosed
with severe microcephaly at a median age of 17 days (IQR
1-119 days); 58 were diagnosed at birth (49%) vs 60 later
in infancy (51%; Table 1). Among the 60 cases identified
later in infancy, 9 (15%) had confirmed microcephaly at
birth (-2 <HCAZ < -3), 21 (35%) did not have micro-
cephaly at birth (HCAZ > —2), and 30 (50%) had no head
circumference measurements at birth. A higher percentage
of cases were diagnosed at birth in Australia (n=14/25,
56%) and Canada (n=22/34, 65%) than in the United
Kingdom and Ireland (n=22/59, 37%) (P=.03;
Supplemental Table 4). The mean head circumference
at birth was 29.2 cm (SD 2.8), with mean HCAZ of -3.1
(SD 1.6). At the time of severe microcephaly diagnosis,
the respective means of HCAZ, WAZ, and LAZ were —4.0
(SD 1.1), -1.8 (SD 1.2), and —1.7 (SD 1.4). Weight at
microcephaly diagnosis was reported for most cases
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Australia
106 cases reported to APSU microcephaly study
from June 2016-July 2018

A 4

N =25 cases with severe |

microcephaly

Canada
60 cases reported to CPSP severe microcephaly
study from June 2016-May 2018

A 4

N = 34 cases with severe

microcephaly

N = 118 cases met criteria
» for INOPSU severe

United Kingdom & Ireland
167 cases reported to BPSU severe microcephaly
study from October 2017-October 2018

A 4

N = 59 cases with severe

microcephaly study

microcephaly

New Zealand
<5 cases reported to NZPSU congenital Zika
syndrome study from August 2016—July 2019

—>

FIGURE 1.

Not included in INOPSU
severe microcephaly study

Flowchart of cases included in the INOPSU severe microcephaly study. New Zealand cases were not included in the INOPSU study to prevent back-

calculation and disclosure of frequencies <5.

Abbreviations: APSU, Australian Paediatric Surveillance Unit; BPSU, British Paediatric Surveillance Unit; CPSP, Canadian Paediatric Surveillance
Program; INOPSU, International Network of Paediatric Surveillance Units; NZPSU, New Zealand Paediatric Surveillance Unit.

(n=111/118, 94%), although length measurements were
less often reported (n = 68/118, 58%). Microcephaly propor-
tionality definitions yielded discordant findings. According to
Noyola et al's definition, which measured the difference
between HCAZ and WAZ, 49% (n=>51/104) of cases were
disproportionate. Conversely, 87% (n=90/104) were dis-
proportionate using de Magalhdes-Barbosa et al’s definition,
which measured the concordance between HCAZ and WAZ
thresholds.

A confirmed or suspected genetic etiology was deter-
mined for 59 cases (50%, including n=26 confirmed
and n = 33 suspected), followed by infection (n=38, 7%),
hypoxia/ischemia (n =8, 7%), and other acquired causes
(n=6, 5%) (Figure 2 and Supplemental Table 5). The
etiology remained unknown among 38 cases (32%).
Fewer children were classified with a genetic etiology in
Australia (n=6/25, 24%) than in Canada (n=18/34,
53%) and the United Kingdom and Ireland (n=35/59,
59%, P =.01) (Supplemental Table 4). These findings were
inversely associated with genetic testing, with DNA micro-
array more common in Australia (n = 22/25, 88%) than in
Canada (n=22/31, 71%) and the United Kingdom and
Ireland (n=35/59, 59%). Differences in ascertainment of
genetic cases were in part attributable to country-specific
etiologic classification methods, whereby the United
Kingdom, Ireland, and Canada considered suspected genetic
cases based on familial history, associated congenital
anomalies, or clinical dysmorphisms (n =25 and n = 6 sus-
pected genetic cases in the United Kingdom and Ireland and
Canada, respectively), whereas Australia considered only

4

genetic disorders known to affect head size (ie, no sus-
pected cases) (Supplemental Table 3). Relatedly, more
cases in Australia had an unknown etiology (60% vs 32%
in Canada and 20% in the United Kingdom and Ireland).
Among cases with unknown etiology, 63% (n=24/38)
had genetic testing and imaging performed, 21%
(n=28/38) had only genetic testing or only imaging con-
ducted, and 16% (n=6/38) had neither genetic testing
nor imaging performed. Among infectious etiologies, fewer
than 5 cases were attributable to ZIKV. Acquired causes
of microcephaly were more likely than genetic causes
to be associated with preterm birth (48% of acquired
[n=10/21] vs 26% of genetic causes [n=15/59],
P =.07), although they had similar mean WAZ at birth
(—=0.9 [SD 1.5] for acquired vs —1.2 [SD 1.3] for genetic,
P=.42). Mean birth HCAZ was significantly lower for
genetic (—3.4 [SD 1.5]) than acquired causes (—2.4 [SD 2.0],
P=.046) (Table 1). Etiology was not associated with
disproportionate microcephaly using either definition
considered.

Eye abnormalities or vision impairment were common at
the time of diagnosis (n=40/100, 40%) and were more
prevalent among genetic (n =29/52, 56%) than acquired
causes (n <5/18, <28%, P =.02) (Table 2). Neuromuscular
features including hypotonia (n=18/58, 31%) and
spasticity (n=14/57, 25%) were also common. One-half
(n =49/94, 52%) of mothers had a fetal anomaly identified
on prenatal ultrasonography, including a greater share in
Canada (n=24/32, 75%) than in Australia (n=2/8,
25%) and in the United Kingdom and Ireland (n=23/54,
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TABLE 1. Anthropometric and Birth Characteristics by Etiology of Severe Microcephaly

Etiology of Severe Microcephaly
All Cases Genetic Acquired Unknown

Characteristic (N=118) (N=259) (N=21) P Value (N=38)
Age at diagnosis (days), median (IQR) 17 (1-119) 1 (1-108) 31 (1-126) .20 37 (1-140)

Identified at birth, n (%) 58 (49) 32 (54) 9 (43) 37 17 (45)

|dentified later in infancy, n (%) 60 (51) 27 (46) 12 (57) 21 (55)
Sex, n (%)° 39

Female 64 (55) 34 (59) 10 (48) 20 (53)

Male 53 (45) 24 (41) 11 (52) 18 (47)
Premature birth, n (%)? 38 (32) 15 (26) 10 (48) 07 13 (34)

Gestational age (weeks), median (IQR) 35.0 35.3 29.5 01 35.7

(28.0-36.0) (34.0-36.0) (26.0-35.0) (31.0-36.0)

Multiple birth, n/N (%) 5/91 (5) — — — —
Birth measurements, mean (SD)

Head circumference (cm)® 29.2 (2.8) 29.3 (2.4) 28.8 (3.7) 47 292 (2.9)

Birthweight (kg)® 2.35 (0.84) 248 (0.81) 2.03 (0.86) 04 2.32 (0.85)

Length (cm)® 46.0 (3.9) 46.9 (4.2) 45.8 (3.6) 49 45.2 (3.5)
Birth measurement Z-scores, mean (SD)

HCAZ® —3.1(1.6) —3.4 (1.5) -24(20) 046 -29 (1.3)

WAZ® -13(1.3) -12(13) —09 (1.5 42 -15(1.3)

LAZ" -12 (1.7) —-09 (1.9 —1.0(1.4) 90 —1.7 (14)
Z-scores at diagnosis, mean (SD)

HCAZ —4.0 (1.1) —4.0 (1.2) —4.1(1.3) 67 —4.1 (1.0

WAZ8 -18(1.2) —1.8 (1.1) —1.7 (1.0 91 —18(1.3)

LAZ" —1.7 (14) —1.5(1.4) -18(1.2) A7 -2.1(1.4)
Disproportionate microcephaly at diagnosis, n/N (%)
Definition 1: SM with WAZ > —3 SD' 90/104 (87) 48/53 (91) 16/19 (84) 43 26/32 (81)
Definition 2: SM with HCAZ — WAZ < —2 51/104 (49) 29/53 (55) 8/19 (42) 35 14/32 (44)

P N =93 (47 genetic, 16 acquired, 30 unknown).

N=111 (55 genetic, 19 acquired, 37 unknown).
N =49 (22 genetic, 8 acquired, 19 unknown).
N =110 (54 genetic, 19 acquired, 37 unknown).
N =150 (22 genetic, 8 acquired, 20 unknown).
& N=101 (53 genetic, 19 acquired, 29 unknown).
" N =68 (35 genetic, 12 acquired, 21 unknown).

c
d
e
f

J Definition of disproportionate microcephaly from Noyola et al."

Abbreviations: HCAZ, head circumference-for-age Z-score; LAZ, length-for-age Z-score; WAZ, weight-for-age Z-score.
@ N =117 (58 genetic, 21 acquired, 38 unknown); gestational age described among preterm births only.

" Definition of disproportionate microcephaly adapted from von der Hagen et al® and de Magalhdes Barbosa et al."?

43%, P=.003) (Supplemental Table 6). One-quarter of
mothers experienced comorbidities during pregnancy
(n=26/108, 24%), more so in Australia (n=13/25,
52%) than Canada (n=6/34, 18%) and the United
Kingdom and Ireland (n=7/49, 14%, P=.001).
Gestational or pregestational diabetes (n=8/115, 7%)
and vascular complications (eg, hypertension, placental
insufficiency, or preeclampsia placental insufficiency;
n=6/106, 6%) were the most prevalent complications.
During pregnancy, 14% of mothers smoked (n=13/96),
6% consumed alcohol or were treated for alcohol misuse
problems (n=6/103), and 5% wused illicit drugs

PEDIATRICS Volume 157, Issue 2, February 2026

(n =5/104). A family history of microcephaly was reported
for 9 cases (n=9/93, 10%), including 5 first-degree rela-
tives (ie, parents or siblings) (Table 2). Consanguinity
was reported for 18 cases (n =18/82, 22%), including 14
first-cousin relatives.

Brain magnetic resonance imaging (MRI) (n=82/118,
69%) and DNA microarray (n="79/115, 69%) were the
most common diagnostic investigations conducted
(Table 3). Brain imaging also included ultrasonography
(n=62/118, 53%) and computed tomography (CT)
(n=17/118 14%), with multiple modalities conducted in
41% of cases (n=48/118). MRI and CT scans frequently
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Cases of severe microcephaly
N=118

!

}

Genetic causes
N =59 (50%)
6 Australia, 18 Canada,
35 UK/Ireland

Acquired causes
N=21(18%)
4 Australia, 5 Canada,
12 UK/Ireland

Unknown causes®
N =38 (32%)
15 Australia, 11 Canada,
12 UK/Ireland

%

|

Genetic etiologic category:

e Suspected genetic cause®, n=33 (56%)

e Autosomal recessive inheritance, n=8 (14%)
e Autosomal dominant inheritance, n=6 (10%)
e Chromosomal duplications, n=5 (9%)

e X-chromosomal inheritance, n<5 (<9%)

e Chromosomal deletions, n<5 (<9%)

Acquired etiologic category:
o Infection®*, n=8 (7%)
o Cytomegalovirus, herpes simplex virus,
toxoplasmosis, Zika virus
o Hypoxic/ischemic® n=8 (7%)
o Fetal CNS hemorrhage/ischemia, maternal
abruption/vascular complications, trauma
o Other acquired causes?, n=6 (5%)
o Alcohol exposure®, placental insufficiency

FIGURE 2.
Etiology of severe microcephaly.

dIncludes one case diagnosed with craniosynostosis, but of unknown etiology.

PIncludes n = 19 determined based on clinical consensus of familial history, associated congenital anomalies, and/or clinical dysmorphisms; and n =
14 where genetic testing identified a syndrome that was not previously associated with microcephaly. Suspected genetic causes were only classified
in Canada and the United Kingdom and Ireland—Australian cases were only classified as genetic based on confirmed chromosomal defects or single

gene disorders known to affect head size.

°One case was identified as having a multifactorial cause (alcohol exposure and infection) and is counted twice. Therefore, all acquired subgroups

equal sum to 22 rather than 21 (ie, the total number of acquired cases).

9Frequencies for all specific diagnoses among acquired cases were n <5 and are therefore not reported.

yielded abnormal results (n = 66/82 [80%] and n=14/17
[82%], respectively). Using Noyola et al’s definition,
abnormal brain imaging (CT, MRI, or ultrasonography)
was more common among cases with disproportionate
(n=41/49, 84%) than proportionate microcephaly
(n=30/51, 59%, P=.006) (Supplemental Table 7).
Cytomegalovirus screening was conducted for one-half of
all cases (n =57/118, 48%), either as part of toxoplasmosis,
rubella, cytomegalovirus, and herpes simplex virus
screening or separately. ZIKV screening was less common
(n=12/118, 10%).

DISCUSSION

Key Findings

National public health surveillance studies of severe
microcephaly can provide unique insights into its etiology
and population-based impact, with the potential for improv-
ing diagnosis, management, and prevention initiatives.
This pooled analysis included 118 cases identified by 3
population-based surveillance studies undertaken within
a 3-year period (2016-2018). One-half of all cases had a
confirmed or suspected genetic basis, 18% were pre- or
perinatally acquired, and in one-third, the etiology was
unknown. Eye abnormalities and vision impairment were

6

more likely to be associated with genetic than other eti-
ologies, whereas hearing impairment, neuromuscular
abnormalities, and seizures were associated with all eti-
ologies. The median age at diagnosis was 17 days, with a
mean HCAZ of —4.0 (SD 1.1) and >2 Z-scores discrepant
from the mean WAZ and LAZ. Approximately 57% of cases
were diagnosed with any microcephaly at birth (49% with
severe microcephaly), whereas 21% lacked birth head
circumference measurements. This lack of longitudinal
information emphasizes a need for more systematic birth
measurement to monitor HCAZ trajectories, including rec-
ord linkage across specialties (eg, obstetrics and pediatrics).

Etiology

Although studies have emphasized the importance of etio-
logic diagnosis to improve prognosis and offer appropriate
interventions and family support, the cause of microcephaly
is often difficult to ascertain.”?%?! In von der Hagen et al’s
11-year case review of 680 microcephaly cases from 2
German hospitals, one-third were diagnosed at birth and
two-thirds postnatally.’ In contrast, more than one-half of
Australian and Canadian cases were diagnosed at birth vs
37% in the United Kingdom and Ireland. In the German
study, 42% of children had a confirmed or suspected
genetic cause, 29% were attributable to peri- or postnatal
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TABLE 2. Clinical Features and Pregnancy Genetic Exposures
All Cases Etiology of Severe Microcephaly
Genetic Acquired Unknown
Characteristic, n/N (%) % n/N % n/N % n/N P Value % n/N
Infant clinical features
Eye abnormalities/vision impairment 40 40/100 56 29/52 <28 <5/18 .02 17-30 5-9/30
Floppiness/hypotonia 31 18/58 38 9/24 <56 <5/9 .68 20-36 5-9/25
Muscle spasticity 25 14/57 <22 <5/23 56 5/9 .08 20-36 5-9/25
Hearing impairment 21 18/86 23 10/44 <38 <5/13 1.00 17-31 5-9/29
Seizure(s) 19 20/108 22 12/54 <28 <5/18 .75 14-25 5-9/36
Joint contractures 5 6/114 10 6/59 0 0/18 .33 0.0 0/37
Hepatosplenomegaly <6 <5/90 — — — — — — —
Rash <5 | <b/91 — — — — — — —
Pregnancy and fetal complications
Abnormal fetal ultrasonography 52 49/94 57 30/53 38 6/16 18 52 13/25
Intrauterine growth restriction 41 46/111 49 28/57 42 8/19 .60 28 10/35
Any maternal pregnancy complication 24 26/108 15 8/55 31 5/16 13 35 13/37
Maternal prenatal exposures
Alcohol, illicit drugs, or smoking 19 19/98 10-18 5-9/50 33-60 5-9/15 .02 <15 <5/33
Prescribed medications 15 | 15/100 14 7/51 <36 <56/14 32 <14 <6/35
Smoking 14 13/96 14 7/51 <33 <5/15 45 <17 <5/30
Alcohol? 6 6/103 — — — — — —
lllicit drug use 5 5/104 — — — — — — —
Traveled during pregnancy or preconception
Mother traveled 33 13/40 — — — — — — —
Father or sexual partner traveled® 2 9/34 — — — — — —
Family history
Mother had prior miscarriage 25 10/40 — — — — — — —
Any parental consanguinity 22 18/82 29-37 15-19/52 <38 <5/13 .16 <29 <5/17
Any congenital anomalies 20 9/46 22-39 5-9/23 0 0/5 .55 <28 <5/18
Any microcephaly 10 9/93 10-18 5-9/56 0 0/15 19 <18 <5/28
Mother had prior stillbirth 0 0/37 — — — — — — —
@ Measured as receiving treatment for alcohol or illicit drugs in the United Kingdom.
® Gollected as the father in Canada, and mother’s sexual partner in Australia.

brain injury, and 41% had an unknown cause.’ These find-
ings are comparable to our population-based analysis, with
genetic causes predominant and supporting the frequent
use of genetic testing including DNA microarray and karyo-
type. We found a lower proportion of cases with unknown
causes compared with von der Hagen et al. Nevertheless,
one-third of our cases were unknown, and one-half of
genetic cases lacked specific diagnoses, suggesting there
is significant room to improve and standardize the diagnos-
tic work-up of severe microcephaly, including advanced
genetic testing (ie, whole exome or whole-genome sequenc-
ing). Implementation of more comprehensive rare disease
coding (eg, Orphacodes??) can further facilitate better
understanding of the wunderlying genetic causes of
microcephaly.

PEDIATRICS Volume 157, Issue 2, February 2026

Investigations

The AAN practice parameters'® recommend neuroimaging
as a central investigation, particularly for disproportionate
microcephaly. Brain MRI is considered more sensitive than
CT or ultrasonography, although repeated imaging may be
needed. Clinicians in our studies performed brain MRI in
approximately 70% of cases and identified abnormalities
in 80% of those infants. This was similar to von der
Hagen et al, where 72% of children received either brain
MRI or ultrasonography, with 76% of MRIs yielding abnor-
mal findings.” Our analysis demonstrated variations in neu-
roimaging practice between countries, which may be
related to access, cost, or clinical preference for different
imaging modalities. AAN practice parameters do not
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TABLE 3. Testing Modalities for Etiological Investigations
All Cases Country
United Kingdom and
Australia Canada Ireland
Characteristic, n/N (%) % n/N % n/N % n/N % n/N
Brain imaging®
MRI scan 69 82/118 76 19/25 [l 24/34 66 39/59
Abnormal results 80 66/82 63 12/19 88 21/24 85 33/39
Ultrasonography scan 53 62/118 32 8/25 47 16/34 64 38/59
Abnormal results 55 34/62 25 2/8 50 8/16 63 24/38
CT scan 14 17/118 4 1/25 18 6/34 17 10/59
Abnormal results 82 14/17 100 7 100 6/6 70 7/10
>1 brain imaging modalities®” 41 48/118 20 5/25 32 11/34 54 32/59
EEG 39 35/89 —° —° 43 13/30 37 22/59
Genetic testing
DNA microarray 69 79/115 88 22/25 [ 22/31 59 35/59
Karyotype 40 19/47 35 7/20 44 12/27 3 3
Infection screening®®
CMV 48 57/118 64 16/25 59 20/34 36 21/59
Toxoplasmosis 38 45/118 48 12/25 53 18/34 25 15/59
Rubella 36 42/118 52 13/25 47 16/34 22 13/59
HSV 26 31/118 36 9/25 41 14/34 14 8/59
Syphilis 14 17/118 40 10/25 <15 <5/34 <8 <5/59
Vzv 14 17/118 20 5/25 26 9/34 5 3/59
ZIKV 10 12/118 16 4/25 18 6/34 3 2/59
HIV 5 6/118 — — — — — —
Abbreviations: CMV, cytomegalovirus; CPSP, Canadian Paediatric Surveillance Program; CT, computed tomography; EEG, electroencephalogram; HSV, Herpes simplex virus; MRI,
Magnetic resonance imaging; VZV, Varicella zoster virus; ZIKV, Zika virus.
@ Negative responses could not be distinguished from missing responses in Australian (brain imaging, infection screening) and Canadian data (infection screening); therefore, total
country denominators were used to calculate proportions. Proportions may therefore be underestimated.
® Includes CT, MRI, and/or ultrasonography.
° Data not collected in national study.
9 In some CPSP cases, reports indicated results from an overall TORCH screen. If specific results were not indicated, we assumed results applied to the pre-specified options of CMV, HSV,
rubella, toxoplasmosis, and VZV.

recommend routine electroencephalogram (EEG) or oph-
thalmological examination, instead suggesting these inves-
tigations in the setting of clinical concerns.'® In our study,
EEGs were performed on 39% of infants, and separately,
40% had eye or vision abnormalities identified through
ophthalmological exam, suggesting that these investiga-
tions were clinically productive.

Microcephaly Proportionality

Assessment of whether head circumference and body size
(weight and/or length) are proportionate is frequently
mentioned as part of microcephaly investigation.”*°
However, there is no consistent definition of proportional-
ity in current practice guidelines or other studies.’*»*%*
Whereas Dolk did not find an association between dispro-
portionate microcephaly and worse neurodevelopmental
delay, Sells reported higher academic achievement in

8

children whose microcephaly was proportionate to body
size.?>** In our analysis, the definitions adapted from
Noyola et al and de Magalhdes-Barbosa et al yielded highly
different estimates of disproportionate microcephaly
(49% and 87%, respectively). Using Noyola et al’s defini-
tion, which measured the difference between HCAZ
and WAZ, disproportionate microcephaly was associated
with increased likelihood of abnormal brain imaging.
Conversely, de Magalhdes-Barbosa et al’s definition was
not associated with etiology, in keeping with research using
similar threshold-based definitions.”**?* Although propor-
tionality was not associated with etiology, a standardized
difference-based definition applicable to all microcephaly
cases regardless of severity, and which encourages mea-
surement of both weight and length (frequently not
recorded in our study), could plausibly lead to greater clini-
cal utility.
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Strengths and Limitations

As severe microcephaly is a rare disorder, large population-
based datasets are uncommon, and this secondary data
analysis represents an important contribution to our under-
standing of this condition. Our analysis is based on public
health surveillance data with good case ascertainment
and is representative of contemporary national populations
and real-world clinical management in high-resource
nations, and therefore our findings are likely to be robust
and generalizable to similar settings. The sharing of data
collection methods between research teams during the
study design phase, and the overlap in timing of surveil-
lance, ensured that individual datasets were suited to a
pooled analysis and to comparisons between countries.
Nevertheless, there were differences between national
approaches including the use of local growth charts, case
review methods to determine etiology, and ascertainment
of certain data elements. Given that full clinical data could
not be shared with one central group to determine etiology,
differences in country-specific classification were inevi-
table. Specifically, the APSU study considered only con-
firmed chromosomal or single gene mutations to classify
cases as having a genetic etiology, whereas the BPSU and
CPSP studies considered patterns of dysmorphic features
and familial history in addition to genetic testing to classify
cases as genetic (considered as “suspected” genetic eti-
ologies in this study). Our study therefore likely underesti-
mates the proportion of cases attributable to genetic causes,
specifically in Australia. Consideration of suspected genetic
cases via clinical consensus in epidemiologic studies can
guide future research and recommendations for diagnostic
investigations, but, importantly, is not conclusive in deter-
mining an etiology. The phrasing of certain data elements,
such as prenatal alcohol consumption, was inconsistent
given real-world differences in epidemiology between
countries (ie, “any use” in Australia and Canada vs “treat-
ment for alcohol problems” in the United Kingdom and
Ireland), and therefore certain exposures may have been
underestimated. As surveillance data were provided by cli-
nicians from their own or hospital medical records without
further examination or investigation of affected children,
some analyses are limited by missing data. Moreover,
restrictions on data sharing between countries and safe-
guards on patient confidentiality have limited the reporting
of low-frequency events such as specific genetic diagnoses.

CONCLUSION

This contemporary multicountry analysis of severe micro-
cephaly highlights ongoing uncertainty about the etiology
and prognosis of this condition. Although public health

PEDIATRICS Volume 157, Issue 2, February 2026

surveillance was initiated in response to the ZIKV epidemic,
very few cases of Zika-associated severe microcephaly were
identified. Our findings, however, can serve as a point of
reference to assess changes in presentation of severe micro-
cephaly, should emerging infections such as congenital
ZIKV or Oropouche virus present concern in the future.®
Our findings underline the need for greater standardization
of diagnostic investigations to improve the etiological
classification of severe microcephaly, optimize clinical
and neurodevelopmental management, and inform future
preventive strategies.
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