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Abstract
Objective To characterize the association of histological chorioamnionitis (HCA) with neurodevelopmental outcomes in
children born at <30 weeks gestation.
Study design This retrospective cohort study included infants born 2006–2012 in whom placental histopathology, neonatal
outcomes, and Bayley-III assessment at age 2 years were available. We assessed the association of HCA exposure with
cognitive, language, and motor delay with logistic regression models adjusted for gestational age, sex, small for gestational
age and brain injury.
Results Of 1353 infants, 985 had histological and neonatal data available, and 708 infants had Bayley-III assessments.
HCA-exposed infants were at higher risk of some neonatal adverse outcomes, and stage of HCA correlated with low Apgar
score and early-onset sepsis. Exposure to HCA was not associated with neurodevelopmental outcomes in adjusted models
including stage of HCA.
Conclusions Exposure to HCA, especially higher stage, was associated with neonatal morbidity but not with adverse
neurodevelopmental outcomes at 2 years of age.
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Preterm births account for the majority of neonatal morbidity and mortality worldwide [1]. Chorioamnionitis –
inﬂammation and neutrophil inﬁltration of the placental
chorionic disk, chorionic and amniotic membranes, and
umbilical cord – is a frequent antecedent of preterm birth
and is inversely correlated with gestational age (GA) [2]. It
reﬂects the presence of intact microbes or microbial ligands,
together with maternal inﬂammatory mediators, in the
amniotic ﬂuid and fetal circulation. The resulting activation
of the fetal immune system is detectable as increased levels
of inﬂammatory markers in cord blood, cerebrospinal ﬂuid,
and peripheral blood of the newborn [3, 4]. This systemic
inﬂammatory response is associated with increased risk of
neonatal morbidity (including early-onset sepsis, intraventricular hemorrhage, and chronic lung disease) and mortality, and may result in structural brain injury, with adverse
long-term effects [5–10]. Data on the association between
chorioamnionitis and neurodevelopmental outcomes in very
preterm infants are conﬂicting. This may partly reﬂect
methodological heterogeneity, speciﬁcally the diagnostic
criteria for chorioamnionitis (clinical vs. histological), the
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gestational and postnatal ages of the study population,
methods and age of developmental assessment, and outcome deﬁnitions [6, 11, 12].
In this study we aimed to characterize the relationship
between histological chorioamnionitis (HCA) and standardized neurodevelopmental outcomes in very preterm
infants, with adjustment for covariates that are common in
this population and may contribute to developmental
impairment. We hypothesized that exposure to HCA would
be predictive of adverse neonatal and neurodevelopmental
outcomes, with more severe HCA having the strongest
evidence of association.

Materials and methods
This single center retrospective cohort study was approved
by the institutional Human Research Ethics Committee of
King Edward Memorial Hospital for Women (project
#4360), the only tertiary perinatal center in Western Australia (current population 2.58 million). The electronic
records of all infants born between 1 January 2006, and 31
December 2012 with a gestational age (GA) of 22 + 0 to
29 + 6 weeks delivered at or transferred to the study center
were assessed for availability of placental histology, neonatal, and developmental follow-up data. Infants with major
congenital malformations or chromosomal aberrations
associated with adverse neurodevelopmental outcomes were
excluded (Fig. 1).
Placental histology was performed as part of routine
clinical care from pregnancies delivering <30 weeks’ GA

Fig. 1 Study ﬂowchart

and reviewed by a single senior placental histopathologist
who was blinded to clinical outcomes. Sections of the
chorioamniotic membranes, umbilical cord, chorionic plate,
and placenta were analyzed by one perinatal pathologist
throughout the study period, using an adaptation of a widely
accepted semi-quantitative scoring system, as previously
described [13, 14]. Presence and degree of maternal
inﬂammation was deﬁned by neutrophilic inﬁltration of the
cellular chorion, of the membranes or the chorionic plate.
Fetal inﬂammation was deﬁned by neutrophilic inﬁltration
from the fetal vessels into the umbilical vessels or the
chorionic plate vessels. Funisitis was deﬁned as inﬂammation of the umbilical cord arising from the fetal vessels
[15, 16]. Microbes causing chorioamnionitis are fastidious
and microbiological culture of the placenta is neither routine
nor standardized [17] and consequently, histologic examination remains the diagnostic gold standard [10]. Due to
the aforementioned limitations, placental microbiological
data were not included in the analyses.
A birth weight <10th percentile was deﬁned as small for
gestational age. Neonatal sepsis was deﬁned by a positive
culture (blood, cerebrospinal ﬂuid and/or urine) plus antibiotic therapy for at least 5 days. Sepsis was classiﬁed by
postnatal age at onset: early-onset sepsis (EOS) occurring
<72 h and late-onset sepsis (LOS) occurring ≥72 h. Only
cases of necrotizing enterocolitis (NEC) classiﬁed as Bell’s
stage II or higher were included [18]. Brain injury was
deﬁned as intraventricular hemorrhage (IVH) grade 3 or
higher, and/or periventricular leukomalacia on routine cranial ultrasound scans [19, 20]. Bronchopulmonary dysplasia
was deﬁned as a supplementary oxygen requirement at age
36 weeks postmenstrual age [21]. Retinopathy of prematurity (ROP) was deﬁned as grade 3 or higher [22].
Socio-Economic Indexes For Areas of Relative AdvantageDisadvantage (SEIFA) score based on postcodes was used
as an indicator of maternal socioeconomic status, with statewide decile data available from 2006 onwards (Australian
Bureau of Statistics) [23].
Developmental assessment at 24 months corrected age.
The Bayley Scales of Infant and Toddler Development 3rd
edition (Bayley-III) is used in the Neonatal Follow-up
Program to review development of infants at 24 months
corrected age. This is offered to infants born <31 weeks
gestation and/or with a birthweight <1250 g. This state-wide
program has follow-up rates of ~80 and 50% at 24 months
for children residing in metropolitan and rural areas,
respectively. The Bayley-III scales were used to assess
developmental progress of infants at 24 months corrected
age, individually administered under standardized conditions by a small team of trained psychologists. The cognitive, language and motor scales were submitted for analysis.
The test norms for the Bayley-III ﬁt a normal curve, with a
mean of 100 and standard deviation of 15. The receptive
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Table 1 Neonatal characteristics among neonates with and without
Bayley III assessment data
Characteristic

Neonates with
Bayley III
N = 708

Neonates
without Bayley
III N = 271

p-value

Gestational age (w)

27.1

27.3

0.21

Birthweight (g)

972.0 (±278.6) 982.4

Birthweight z-score

0.02

(±0.86)

−0.08 (±0.82)

0.01

SGA

63

(8.9)

27

0.61

(±1.8)

(±1.9)

(±279.2) 0.60
(10.0)

Male gender

370

(52.3)

160

(59.0)

0.06

Multiple birth

179

(25.3)

64

(23.6)

0.59

Outborn

33

(4.7)

23

(8.5)

0.02

Caucasian

562

(79.8)

161

(60.1)

<0.001

Aboriginal

32

(4.5)

77

(28.7)

Ethnicity

Other

110

(15.6)

30

(11.2)

SEIFAa (lowest 2
quintiles)

77

(11.6)

67

(29.9)

<0.001

None

45

(6.4)

25

(9.2)

0.2

Incomplete

193

(27.3)

64

(23.6)

Complete

470

(66.4)

182

(67.2)

Antenatal steroids

Antenatal antibiotics

416

(58.8)

151

(55.7)

0.39

Cesarean section

418

(59.0)

152

(56.1)

0.40

Apgar <7 at 5 min

161

(22.7)

63

(23.2)

0.87

Intubation

503

(71.0)

179

(66.1)

0.13

PDA

434

(61.3)

146

(53.9)

0.03

CLD

187

(26.4)

64

(23.6)

0.37

Postnatal
dexamethasone

44

(6.2)

21

(7.7)

0.39

IVH grade III–IV

33

(4.7)

16

(5.9)

0.43

ROP stage III–IV

42

(5.9)

18

(6.6)

0.68

ROP treatment

43

(6.1)

17

(6.3)

0.91

NEC stage II–III

26

(3.7)

11

(4.1)

0.78

PVL

8

(1.1)

6

(2.2)

0.23

None

437

(61.7)

153

(56.5)

0.14

Clinical

253

(35.7)

114

(42.1)

Conﬁrmed

18

(2.5)

4

(1.5)

EOS

LOS
None

396

(55.9)

155

(57.2)

Clinical

135

(19.1)

45

(16.6)

Conﬁrmed

177

(25.0)

71

(26.2)

0.67

Data summarised as mean (±sd) or n (%)
SGA small for gestational age, SEIFA Socio-Economic Indexes For
Areas of Relative Advantage-Disadvantage, PDA patent ductus
arteriosus, CLD chronic lung disease, IVH intraventricular hemorrhage, ROP retinopathy of prematurity, NEC necrotizing enterocolitis,
PVL periventricular leukomalacia, EOS early-onset sepsis, LOS lateonset sepsis
a

SEIFA data available on 666 neonates with Bayley III and 224
without Bayley III

communication, expressive communication, ﬁne motor, and
gross motor subscales also produce age-standardized scores
with a mean of 10 and standard deviation of 3.
Developmental delay was deﬁned from Bayley-III scores
as follows: Scores falling between >1–2 standard deviations
below the mean (i.e. composite score <85) represented a
mild delay in developmental progress, scores >2–3 standard
deviations below the mean (i.e. composite score <70) were
considered to represent moderate to severe delay. Infants
who could not be assessed due to severe impairments/delay
were assigned a composite score of 40 (4 SD below the
normative mean and below any achievable score).
The raw scores of the Bayley-III were initially submitted
for analysis of group differences, with adjustment for age at
assessment. Binary outcomes were subsequently submitted
using age-standardized scores (composite and scaled scores)
for group comparison of delay. Adjusted composite scores,
by a factor of 7 standard points, was submitted for analysis,
acknowledging the recognized overestimation of developmental composite scores of the Bayley-III [24–26]. However, adjusted composite scores did not alter the pattern of
results and thus only standardized scores of the Bayley-III
are reported.

Statistical analysis
Continuous data were summarised with means and standard
deviations (SD) and categorical data as frequency distributions. Comparisons of continuous data between neonates
with and without placental histology were made using the
independent t-test; comparisons between severity of HCA
groups (none, mild, and severe) utilized one-way ANOVA;
and categorical comparisons were made using the Chisquare test or Fisher exact test. Logistic regression analysis
was conducted to assess the effect of HCA exposure on
cognitive, language and motor delay, deﬁned as a standard
composite score <85 (1 SD below the mean). Severity of
HCA was initially assessed univariately, then with a priori
adjustments for covariates known to be associated with poor
neurodevelopmental outcomes in preterm infants including
GA, sex, and SGA, and then in a model that included brain
injury (IVH and/or periventricular leukomalacia).
The semiquantitiative staging system of HCA implies
that a mild maternal response is the least inﬂammatory
cellular response affecting the fetus, through severe maternal reponse to fetal reaction in the fetal vessles of the
chorionic plate and cord to funisitis. The clinical outcomes
were examined according to this grading system, and as the
numbers allowed, also by collapsing the groups to funisitis,
HCA, and no HCA.
Additional covariates included in univariate and multivariable predictive models were socioeconomic status, multiple
birth, Apgar score, chronic lung disease, postnatal
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Table 2A Baseline clinical
characteristics and neonatal
outcomes based on severity of
histological chorioamnionitis

Characteristic

No HCA
N = 562

Mild HCA
N = 208
(±1.7) 26.7

(±2.0)

P* No vs mild Severe HCA
N = 319

P* No vs
severe

<0.001 26.4

<0.001

Gestational age (w)

27.5

Birthweight (g)

949.8

Birthweight z-score

−0.29

(±0.99) 0.30

(±0.78)

<0.001 0.14

SGA

102

(18.1) 7

(3.4)

<0.001 7

Male

321

(57.1) 109

(52.4)

0.24

(50.8)

0.07

Multiple birth

184

(32.7) 45

(21.6)

0.003 41

(12.9)

<0.001

SEIFA (n = 996)
(lowest 2 quintiles)

74

(14.2) 40

(21.1)

0.03

(14.7)

0.84

0.12

0.26

(±291.0) 995.0 (±303.6)

0.05

(±1.9)

925.5 (±270.8)

162
42

0.23

(±0.65)

<0.001

(2.2)

<0.001

Antenatal steroids
None

51

(9.1) 14

(6.7)

21

(6.6)

Incomplete

147

(26.2) 69

(33.2)

76

(23.8)

Complete

364

(64.8) 125

(60.1)

222

(69.6)
(80.3)

Antenatal antibiotics

227

(40.4) 140

(67.3)

<0.001 256

Pre-eclampsia

199

(27.9) 3

(1.3)

<0.001 –

Caesaerean section

425

(75.6) 82

(39.4)

<0.001 122

Apgar <7 at 5 min

114

(20.3) 54

(26.0)

0.09

Delivery room
intubation

371

(66.0) 163

PDA

334

CLD
Postnatal
dexamethasone

–

<0.001
<0.001

(38.2)

<0.001

111

(34.8)

<0.001

(78.4)

0.001 245

(76.8)

0.001

(59.4) 125

(60.1)

0.87

190

(59.6)

0.97

132

(23.5) 43

(20.7)

0.41

83

(26.0)

0.4

45

(8.0) 14

(6.7)

0.55

24

(7.5)

0.8

(10.3)

0.01

(7.2)

0.14

IVH grade III–IV

31

(5.5) 24

(11.5)

0.004 33

ROP stage III–IV

27

(4.8) 11

(5.3)

0.78

23

ROP treatment

26

(4.6) 15

(7.2)

0.16

20

(6.3)

0.29

NEC Stage II–III

31

(5.5) 10

(4.8)

0.7

12

(3.8)

0.25

PVL

7

(1.2) 3

(1.4)

0.83

8

(2.5)

0.16

0.01

<0.001

EOS
None

355

(63.2) 142

(68.3)

158

(49.5)

Clinical

200

(35.6) 58

(27.9)

149

(46.7)

Conﬁrmed

7

(1.2) 8

(3.8)

12

(3.8)

LOS
None

321

(57.1) 126

(60.6)

183

(57.4)

Clinical

105

(18.7) 28

(13.5)

0.24

56

(17.6)

0.9

Conﬁrmed

136

(24.2) 54

(26.0)

80

(25.1)

Before discharge

56

(10.0) 21

(10.1)

0.96

27

(8.5)

0.46

Before follow up

2

(0.4) 1

(0.5)

1.000 3

(0.9%)

0.36

Mortality

Data represent mean ( ± sd) or number (%), as appropriate.
SGA small for gestational age, SEIFA Socio-Economic Indexes For Areas of Relative Advantage–
Disadvantage, PDA patent ductus arteriosus, CLD chronic lung disease, IVH intraventricular hemorrhage,
ROP retinopathy of prematurity, NEC necrotizing enterocolitis, PVL periventricular leukomalacia, EOS
early-onset sepsis, LOS late-onset sepsis
*p-values < 0.025 (α = 0.05/2) are considered statistically signiﬁcant when the Bonferroni correction is
applied

dexamethasone, necrotizing enterocolitis, and neonatal sepsis.
Univariate and adjusted effects were summarized as odds ratios
(OR), adjusted OR (aOR), and 95% conﬁdence intervals (CI).

Strength of association between neurodevelopmental delay
models were assessed using the area under the curve (AUC)
constructed using probabilities generated from both the
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Table 2B Neonatal outcomes
based on presence of maternal
with or without fetal histological
chorioamnionitis and funisitis
Apgar <7 at 5 mins
Delivery room
intubation
CLD
PDA
NEC
ROP III–IV
Brain injury
EOS (any)
LOS (any)
Mortality

No HCA
N = 562

Maternal HCA
alone N = 131

HCA with fetal
reaction N = 171

HCA with fetal
reaction and funisitis
N = 225

N

%

N

%

N

%

N

%

P

114
371

20.3
66.0

28
99

21.4
59
75.6 (p = 0.04) 139

34.5 (p < 0.001)
81.3 (p < 0.001)

78
170

34.7 (p < 0.001)
75.6 (p = 0.01)

<0.001
<0.001

132
334
31
27
36
207
241
56

23.5
59.4
5.5
4.8
6.4
36.8
42.9
10.0

23
79
7
10
16
38
51
17

17.6
60.3
5.3
7.6
12.2 (p = 0.02)
29.0
38.9
13.0

24.6
60.8
2.3
2.9
14.6 (p = 0.001)
36.8
42.7
9.9

61
132
11
19
24
126
94
14

27.1
58.7
4.9
8.4
10.7 (p = 0.04)
56.0 (p < 0.001)
41.8
6.2

0.23
0.97
0.4
0.06
0.004
<0.001
0.87
0.19

42
104
4
5
25
63
73
17

Data represent mean (±sd) or number (%), as appropriate. P-values are inserted where statistically signiﬁcant
pairwise comparisons occurred between no HCA and the respective category. P-values<0.017 (α = 0.05/3)
are considered statistically signiﬁcant when the Bonferroni correction is applied.
PDA patent ductus arteriosus, CLD chronic lung disease, brain injury intraventricular hemorrhage (IVH)
grade 3 or higher, and/or periventricular leukomalacia, ROP retinopathy of prematurity, NEC necrotizing
enterocolitis, EOS early-onset sepsis, LOS late-onset sepsis

adjusted and multivariable predictive models.
Sample size calculation: Of 1353 births at 22 to 29 +
6 weeks gestation from 2006 and 2012, ~60% (n~800) were
expected to attend follow-up. A sample size of n = 800
gives 80% power to detect odds ratios of 1.6–1.7, reﬂecting
differences in estimated baseline rates from 13 to 21%
(cognitive delay) and 21 to 30% (language delay) when the
prevalence of HCA is 48%, and with adjustment for other
covariates in the logistic regression model [24]. A sample
size of 708 allowed us to detect, with 80% power, differences in actual rates from 7 to 14% and 28 to 38% for
cognitive and language delay respectively. Statistical analysis was performed using SPSS 20.0 (IBM Corp, Armonk,
NY) and p-values <0.05 were considered statistically
signiﬁcant.

Results
1353 infants born between 22–29 + 6 weeks GA and cared
for at King Edward Memorial Hospital NICU between
January 2006 to December 2012 were assessed for availability of relevant data (Fig. 1). Two hundred and ﬁfty four
infants were excluded as placental histology was not performed and a further ten were excluded with major congenital or chromosomal anomalies. One-hundred and four
(9.6%) infants died before discharge from hospital, leaving
985 infants discharged alive with available placental histology. Of these 708 children attended Bayley-III assessments. Of these, 56 infants were born at other hospitals and

transported to the tertiary center. Children who did and did
not attend Bayley-III assessments had similar neonatal
characteristics, except for non-attendance associated with
being outborn, Aboriginal ethnicity and with lower socioeconomic status (Table 1)

Neonatal outcomes
Placental histology was available in 1089 infants, of which
527 (48.4%) showed evidence of HCA. Combined maternal
and fetal HCA was observed in 380 (34.9%) placentae,
maternal HCA alone in 131 (12%) and fetal HCA alone in
only 8 (0.7%). Funisitis was observed in 225 (20.7%) placentae, invariably with concomitant HCA.
Infants exposed to HCA were born at lower GA, more
likely to be singleton and to be born via spontaneous
vaginal delivery. These infants also had lower Apgar scores,
were more likely to require intubation at birth, develop
EOS, receive postnatal intravenous antibiotics and have
high grade IVH (Tables 2A and 2B). The presence of HCA
was not associated with risk of neonatal mortality univariately, nor after adjustment for covariates including
antenatal steroid exposure, multiple birth, gestational age,
small for gestational age, Apgar score <7 at 5 min, IVH and
EOS. Short term outcomes among the sub groups of HCA
showed low Apgar scores were more likely among neonates
with fetal inﬂammation; intubation in delivery room and
IVH/PVL more common among neonates any inﬂammation
(fetal or maternal), and EOS more likely among neonates
with fetal inﬂammation and funisitis (Table 2B).
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Table 3 Developmental
outcomes at corrected age 2
years. Categorical standard
composite scores (scores <85
indicative of delay) are
described by exposure to HCA.
Raw continuous scores were
also analysed with an adjustment
for corrected age with no
substantive change in results.
Unadjusted results are presented
in the table

Bayley III

No HCA

Mild HCA

Severe HCA

N

N

N

Mean (SD)

Mean (SD)

Mean (SD)

p-value

Raw scores
Age (months)

371

24.2 (±1.2)

146

23.9 (±1.4)

191

24.2 (±1.7)

0.03

Cognitive

369

62.9 (±5.9)

142

63.2 (±5.8)

190

62.3 (±5.6)

0.33

Receptive language

349

25.1 (±6.4)

136

25.0 (±5.9)

181

24.4 (±5.8)

0.38

Expressive language

345

26.3 (±7.6)

132

26.1 (±7.7)

175

26.1 (±6.7)

0.95

Fine motor

358

39.6 (±3.3)

142

39.3 (±3.3)

186

39.7 (±3.9)

0.5

Gross motor

347

54.1 (±5.3)

136

54.1 (±4.4)

182

54.0 (±4.3)

0.98

Composite scores

N

N (%)

N

N (%)

N

N (%)

Cognitive delay

369

23 (6.2)

143

10 (7.0)

190

13 (6.8)

0.94

Language delay

344

91 (26.5)

133

39 (29.3)

177

50 (28.2)

0.8

Motor delay

344

30 (8.7)

136

12 (8.8)

183

13 (7.1)

0.79

Neurodevelopmental outcomes
Of 979 infants with placental histology who survived to age
2 years, 708 were assessed using the Bayley-III, at a mean
corrected age of 24.1 ± 1.4 months. Of those with BayleyIII assessments, 337 (47.6%) were exposed to HCA; a
similar incidence to the overall cohort, and consistent with
the results of our previous report [14]. There were no differences in raw scores for cognitive, language, or motor
subscale scores between infants with or without HCA
exposure (Table 3), nor did we observe any effects of
severity or stage of HCA.
There was no evidence of association between HCA
exposure and cognitive, language or motor delay, deﬁned
by standard composite scores <85, on univariate analyses or
after a priori adjustments (GA, SGA, sex, and brain injury)
(Table 4). Analysis of modiﬁed composite scores were
similar to results for standard composite scores shown in
Table 4 (data for modiﬁed scores not shown).
Logistic regression was used to derive alternative sets of
risk factors predictive of neurodevelopmental delay. In
addition to a priori risk factors considered in the adjusted
models, the alternative multivariable predictive models for
cognitive, language, and motor delay included; cognitive
delay: gestational age (aOR 0.77, 95% CI 0.64–0.92), male
sex (aOR 2.82, 95% CI 1.41–5.64), SGA (aOR 2.49, 95%
CI 1.04–5.97), brain injury (aOR 4.27, 95% CI 1.76–10.38),
and postnatal dexamethasone (aOR 2.33, 0.96–5.63); language delay: gestational age (aOR 0.85, 95% CI 0.76–0.95),
male sex (aOR 2.51, 95% CI 1.73–3.76), multiple birth
(aOR 1.65, 95% CI 1.11–2.46), CLD (aOR 1.77, 95% CI
1.17–2.70), and brain injury (aOR 1.96, 95% CI 0.95–4.07);
motor delay: gestational age (aOR 0.81, 95% CI 0.69–0.95),
male sex (aOR 1.81, 95% CI 1.01–3.27), SGA (aOR 2.53,
95% CI 1.14–5.59), and brain injury (aOR 3.48, 95% CI
1.45–8.36).

Areas under the curve were similar between the adjusted
and multivariable predictive models for each outcome;
cognitive delay: AUC 0.708 and 0.753, language delay:
AUC 0.682 and 0.676, and motor delay: both AUC 0.687
for the predictive and adjusted models respectively. Additional risk factors including multiple birth, Apgar <7 at 5
min, sepsis, CLD and postnatal dexamethasone did not alter
the ﬁndings.

Discussion
In this single center cohort study of preterm infants born
before 30 weeks’ GA, we found no evidence of an association between HCA and early childhood neurodevelopmental outcomes. We used the Bayley-III as a widely
employed parameter of developmental outcome and assessed the effects of HCA by severity, both in univariable
analyses and those adjusted for important covariates.
In addition to inducing preterm labor and delivery,
chorioamnionitis often results in systemic fetal and neonatal
inﬂammation that are plausibly associated with developmental sequelae in early childhood [27, 28]. The incidence
of both HCA and adverse neurodevelopmental outcomes in
this study are in keeping with those reported in similar highrisk preterm infant populations [29]. In our cohort, there
was no association between exposure to HCA and poorer
neurodevelopmental outcomes; these ﬁndings are in line
with some recent reports [30–32]. In contrast, other studies
report an association between chorioamnionitis and adverse
neurodevelopmental outcomes and a meta-analysis of
chorioamnionitis and cerebral palsy indicated increased risk
in preterm infants with HCA [33]. These divergent ﬁndings
may reﬂect differences in study design, including (i) type
and sample size of cohort, (ii) gestational age of study
population, (iii) outcome measures, and (iv) the deﬁnitions
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used for exposures and outcomes and control for confounding factors such as social indices.
The fetal host responses to antenatal inﬂammatory stimuli are incompletely characterized. Responses differ
between individuals and are inﬂuenced by the nature and
duration of the inﬂammatory exposure, immunologic
maturity and other factors. Some early complications of
preterm birth linked to poorer neurodevelopmental outcomes are also associated with HCA exposure, particularly
reduced GA, low Apgar score, EOS, brain injury, and
possibly CLD. The individual contributions and etiologic
pathways are ill-deﬁned but likely to partly reﬂect shared
biological mechanisms [28, 34, 35].
Antenatal steroids have broad anti-inﬂammatory actions
and may impact on inﬂammation-related clinical outcomes,
while their association with neurodevelopmental outcomes
in the setting of chorioamnionitis remains uncertain.
Administration of steroids to women in preterm labor is
routine care and improves neonatal outcomes, including in
infants with HCA exposure, although placental histology
appears unchanged [36]. In our cohort, over 90% of mothers
received antenatal steroids; variation in steroid exposure
between centers may also contribute to reported differences
in neurodevelopmental outcomes.
Additional established risk factors for adverse long-term
neurodevelopmental outcomes, such as male sex, intrauterine growth restriction, and postnatal steroids, are not
causally related to HCA [35]. It is possible that the main
deleterious consequence of HCA exposure is preterm birth
per se and subsequent adverse outcomes stem from biological immaturity of the infant, rather than directly from the
more proximal exposure to perinatal inﬂammation. Alternatively, there may be a modest independent contribution of
HCA to overall risk of adverse neurodevelopmental outcomes, but this is not discernable from the larger effect sizes
associated with preterm birth and related morbidity and
the relatively modest sample size of most studies. Moreover
it is possible that severe chorioamnionitis, which is associated with stillbirth, may introduce a survival bias, such
that only infants affected by less severe HCA in utero
survive [37].
While ﬁndings on the effects of HCA exposure on neurodevelopmental outcomes are variable, several studies
highlight the association between infection-related inﬂammation in early life and increased risk for brain injury and
developmental delay and/or disability [10, 38–40]. The
apparent differential effects of ante- and early postnatal
inﬂammation may be partly due to the lower virulence and
inﬂammatory potential of the most common pathogens in
HCA (Mycoplasma and Ureaplasma spp, which may occur
without positive microbiology using standard techniques),
in contrast to the etiological agents and consequent
inﬂammation from neonatal sepsis.

Our study has several strengths, including a contemporaneous post-surfactant era cohort that was treated at
the sole regional tertiary perinatal center serving a deﬁned
population. Further strengths include routine reporting of
semiquantitative placental histology, availability of clinical
data collected routinely for relevant outcomes, and developmental assessment by commonly used outcome measures
performed by a small team of psychologists blinded to HCA
exposure. Placental histology was scored without reference
to any outcome parameter. Our study has some unavoidable
limitations, including the lack of laboratory markers supporting the presence, magnitude, and duration of fetal and
neonatal inﬂammation, although these routine markers
generally lack sensitivity and speciﬁcty for HCA [41]. Data
on maternal infection during earlier stages of the pregnancy
were not available. Approximately one quarter of infants
did not attend developmental assessment, and given the
limited resources for routine follow up and the vast geographical area of Western Australia, this is an unvoidable
limitation. Children from disadvantaged backgrounds and
of rural residence were more likely to miss developmental
assessments, leading to inevitable selection bias. The
overall rates of routine follow up described are in line with
recent reports [42]. Results from this single center study
may not be generalizable and warrant replication. This
includes developmental assessment later in childhood as we
cannot exclude HCA may increase the risk of impairment at
advanced stages of development. While our sample size
allowed adjustment for important covariates, there may be
other unmeasured confounders.
In conclusion, this retrospective cohort study indicates
that exposure to HCA increases risk of neonatal morbidity,
but is not associated with adverse neurodevelopmental
outcomes. Further studies should focus on identifying other
modiﬁable factors.
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