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Summary

Infection and inflammation can be antecedents of neonatal encephalopathy
(NE) and increase the risk of neurological sequelae. Activated protein C
(APC) has anti-coagulant and anti-inflammatory effects and provides
neuroprotection in brain and spinal cord injury. We examined neutrophil
and monocyte responses to lipopolysaccharide (LPS) in infants with NE
compared with healthy adult and neonatal controls, and also studied
the effect of APC. Whole blood was incubated with LPS and APC and
Toll-like receptor (TLR)-4 (LPS recognition), CD11b expression (activa-
tion) and intracellular reactive oxygen intermediate (ROI; function)
release from neutrophils and monocytes was examined by flow cyto-
metry serially from days 1 to 7. We found a significant increase in
neutrophil ROI in infants with NE on day 3 following LPS compared to
neonatal controls and this augmented response was reduced significantly by
APC. Neutrophil and monocyte CD11b expression was increased signifi-
cantly on day 1 in infants with NE compared to neonatal controls. LPS-
induced neutrophil TLR-4 expression was increased significantly in infants
with NE on days 3 and 7 and was reduced by APC. LPS-induced monocyte
TLR-4 was increased significantly in infants with NE on day 7. Neutrophil
and monocyte activation and production of ROIs may mediate tissue
damage in infants with NE. APC modified LPS responses in infants with
NE. APC may reduce the inflammatory responses in NE and may amelio-
rate multi-organ dysfunction. Further study of the immunomodulatory
effects of protein C may be warranted using mutant forms with decreased
bleeding potential.
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Introduction

Neonatal encephalopathy (NE) is one of the leading causes
of morbidity and mortality in neonates, with a prevalence
of 1·8 to 7·7/1000 live births [1]. Epidemiological and
experimental evidence suggests that pre-existing intrauter-
ine infection and inflammation are implicated in the evolu-
tion of brain white matter injury and subsequent cerebral
palsy [2–5]. Inflammatory mediators play a major role
in the pathogenesis of experimental neonatal hypoxic–
ischaemic brain injury [6]. In neonatal rats, systemic injec-
tion of lipopolysaccharide (LPS) induces cerebral infarction

and augments tissue damage after short periods of
hypoxia–ischaemia that by themselves caused no or little
injury [7]. Adult stroke patients with systemic inflamma-
tion exhibit clinically poorer outcomes [8,9], and inhibiting
the inflammatory response decreases infarct size and
improves neurological deficit in experimental stroke
[10,11].

Systemic inflammation and leucocyte mobilization is
associated with NE and adult stroke. High leucocyte and
neutrophil counts in first 96 h of life in term neonates
with hypoxia–ischaemia are associated with abnormal
neurodevelopmental outcome [12] and neutropenia is
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neuroprotective in a neonatal rat model with induced
hypoxia–ischaemia [13]. CD11b is a marker of neutrophil
transmigration and activation. In hypoxic–ischaemic injury,
neutrophil CD11b/CD18 expression is increased signifi-
cantly in adults compared to neonates [14,15]. Although
anti-inflammatory approaches (blocking CD11b) have
improved outcomes in animal models, attempts to translate
this into clinical application have been unsuccessful
[16,17]. Toll-like receptor (TLR)-4 is the receptor for
lipopolysaccharide (LPS) or endotoxin on innate immune
cells and is expressed on both monocytes and neutrophils.
The size of cerebral infarction and the inflammatory
response following experimental stroke is decreased in TLR-
4-deficient mice [18].

Neutrophils damage healthy tissues in many inflamma-
tory diseases, such as acute respiratory distress syndrome,
inflammatory bowel disease and rheumatoid arthritis.
Intracellular generation of reactive oxygen intermediates
(ROIs) by neutrophils and monocytes is a vital defence
against bacterial infection. The respiratory burst activity
of phagocytes is the essential metabolic event to the
killing of ingested microbes by ROIs generated by
nicotinamide adenine dinucleotide phosphate (NADPH)
oxidase [19]. ROIs can lead to tissue damage by oxidizing
membrane phospholipids, proteins, nucleic acids and
nucleotides, leading to neuronal injury secondary to cer-
ebral inflammation [20] and ischaemia–reperfusion
injury [21].

Activation of the immune system in NE and treatment
with hypothermia is beneficial, but additional adjuvant
therapies are required and systemic inflammation may be a
suitable target. Activated protein C (APC) has potent anti-
coagulant activity by inactivating Factor Va and FVIIIa
[22]. The clinical use of APC remains controversial, as it did
not fulfil the initial promise as a panacea for sepsis in adults
and children [23]. However, subsequent studies did not
show similar efficacy. In rat pups after hypoxic ischaemic
injury, APC reduced significantly apoptotic cell death and
nitric oxide (NO) production in brain, indicating a
neuroprotective effect in hypoxic–ischaemic injury in the
developing brain [24]. APC reduces cell death in white
matter and hypomyelination in neonatal rats treated with
LPS and APC compared to controls [25]. We were therefore
interested in examining the effect of APC on systemic
immune activation in NE, as newer mutant versions of APC
are available with decreased bleeding and increased anti-
inflammatory properties.

We hypothesized that APC diminished neutrophil and
monocyte activation and survival, and therefore may
reduce tissue damage in neonates at risk of brain injury.
In this study we aimed to examine the neutrophil and
monocyte CD11b and TLR-4 expression and ROI pro-
duction in response to LPS in infants with risk of brain
injury and investigate the effect of APC as a possible
immunomodulator.

Materials and methods

Reagents

LPS Escherichia coli serotype 0111:B4, phorbol 12-myristate
13-acetate (PMA), dihydrorhodamine 123 (DHR), fetal
bovine serum (heat-inactivated) and phosphate-buffered
saline (PBS) were purchased from Sigma Aldrich (St Louis,
MO, USA) (http://www.sigmaaldrich.com). Dulbecco’s
modified Eagle’s medium (DMEM) was purchased from
Bioscience (Dublin, Ireland) (http://www.biosciences.ie).
Penicillin streptomycin solution and l-glutamine serum
[fetal calf serum (FCS)] were purchased from Gibco
Life Technologies (Carlsbad, CA, USA) (http://www
.invitrogen.com). Drotrecogin alpha (Xigris: APC) was pur-
chased from Eli Lilly (Dublin, Ireland) (http://www.lilly.ie).
CD11b was purchased from eBioscience (San Jose, CA,
USA) (http://www.ebioscience.com). Fluorescence activated
cell sorter (FACS) lysing solution and TLR-4 were pur-
chased from BD Bioscience (San Jose, CA, USA) (http://
www.bdbiosciences.com) and all remaining chemicals were
purchased from Sigma Aldrich (Dorset UK) unless stated
otherwise.

Patient population

Ethical committee approval was received from the National
Maternity Hospital, a tertiary referral university maternity
hospital with ∼10 000 deliveries per annum for the study
period from July 2011 to June 2012. Fully informed written
consent was obtained from parents of all participants.

The following study groups were enrolled: adult controls,
healthy male and female volunteers; neonatal controls,
umbilical cord blood from term infants with uncomplicated
normal vaginal delivery and postnatal course; and neonatal
encephalopathy, term neonates at risk of brain injury with
at least two of the inclusion criteria of Huang et al. [26] –
(i) evidence or suspicion of hypoxic–ischaemic injury based
on a history of fetal distress, i.e. type II dips, loss of beat-to-
beat variability on cardiotocograph and/or abnormal scalp
pH; (ii) the need for resuscitation after birth, i.e. bag and
mask ventilation; and (iii) base deficit >15 mmol/l or
pH < 7·2 in cord blood or admission arterial sample [26].
The exclusion criteria were major congenital anomalies or
maternal substance abuse. Adult controls were used as inter-
nal controls to ensure the validity of the experiments. They
were used as regular positive (LPS-induced responses) and
negative controls (spontaneous CD11b and TLR-4 expres-
sion) and acted as internal controls to ensure that the labo-
ratory model was functioning consistently.

Infants were subdivided into mild or no neonatal
encephalopathy (NE) grades 0/I and moderate/severe
encephalopathy grades II/III for analysis [27]. All neonates
at risk of brain injury had serial cranial ultrasounds on days
1, 3 and 7 of life and a magnetic resonance imaging (MRI)
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brain scan on days 5−7 of life. A single paediatric radiologist
(V.D.) who was blinded to the laboratory and clinical find-
ings reported and scored the MRI results using the
Barkovich criteria [28]. This employs a combination five-
point score including components of both basal ganglia
and watershed patterns of injury. Patients were divided
into ‘normal’ (score = 0) and ‘abnormal’ (score = 1–4)
neuroimaging groups for the purpose of data analysis
(Table 1).

Blood sampling

Serial blood samples were taken from infants at risk of
brain injury on days 1, 3 and 7 of life during routine phle-
botomy. The blood samples were collected in sodium citrate
anti-coagulant blood bottles. Blood samples were kept on
ice and processed within 90 min of collection. Whole blood
was incubated for 1 h at 37°C with the proinflammatory
agent LPS 1 μg/ml to mimic an inflammatory response in
vitro. In addition, APC 200 ng/ml was added ± LPS follow-
ing a dose–response study [29].

Protein C activity

The protein C level in patient plasma is measured in two
stages: incubation of the plasma with protein C activator
and quantification of activated protein C with a synthetic
chromogenic substrate. The paranitroaniline released is
monitored kinetically at 405 nm and is directly propor-
tional to the protein C level in the test sample. The
HemosIL Protein C Kit used contains lyophilized substrate,
protein C activator and a saline diluent. Blood was collected
(9 vol.) in 0·109 M (i.e. 3·2%) trisodium citrate anti-
coagulant bottles (1 vol.) and samples were centrifuged at
2500 g for 10 min. The testing was completed within 4 h of
sample collection. The sample was inverted a number of
times or vortexed to ensure adequate mixing. Any samples
that were clotted or appeared haemolysed were rejected and
internal quality control included two different levels of con-
trols at the start of each working day and subsequently

every 4 h throughout the day. The controls used were
HemosIL normal control and HemosIL low abnormal.

Intracellular respiratory burst activity

Generation of ROIs was evaluated by flow cytometry using
the technique of Smith and Wiedemann. Whole blood
(50 μl) was incubated with DHR 123 (50 μl) and PBS
(450 μl) at 37°C for 10 min. Cells were then stimulated with
1 μl (16 μM) of PMA for 20 min at 37°C. The reaction was
then halted by placing samples on ice. Neutrophil and
monocyte fluorescence intensity was assessed by flow
cytometry and expressed as Ln mean channel fluorescence
(LnMCF). DHR 123 has been shown to detect mainly intra-
cellular H2O2 and OH– radical production [30].

Quantification of cell surface antigen expression

The expression of CD11b and TLR-4 antigens on the
surface of neutrophils and monocytes was measured by flow
cytometry. Whole blood (50 μl) was treated with 5 μl of
phycoerythrin (PE)-CD11b and 2·5 μl anti-human TLR-4
antibody and incubated at 4°C for 20 min. FACS added to
the whole blood and incubated for 10 min at room tem-
perature. The whole blood was centrifuged at 130g for
5 min at 4°C. The pellet was suspended twice with DMEM
500 μl and stored on ice before flow cytometry analysis. The
fluorescence intensity was assessed by flow cytometry and
expressed as Ln mean channel fluorescence. Fluorescence
intensity is denoted by mean channel fluorescence, which is
the average intensity of fluorescence emitted by all cells
chosen for measurement, and is comparable to the relative
number of receptors present on the surface of each cell. The
flow cytometer used was a BD Accuri C6. A minimum of
5000 events was collected and analysed. All measurements
were performed under the same instrument settings [31].

Statistical methods

A matched paired t-test was used to compare conditions
(control/LPS/LPS + APC) within each group (adults, cord

Table 1. Demographics data NE.

Normal MRI Abnormal MRI

P valuen = 17 n = 6

Gestational age (weeks) 40·4 ± 1·4 40·0 ± 1·1 0·616

Birth weight (kg) 3·7 ± 0·9 3·2 ± 0·4 0·24

Cord pH 7·1 ± 0·2 7·1 ± 0·1 0·67

Lactate 8·4 ± 4·3 11·6 ± 5·5 0·23

Apgar score @ 1 min 2·7 ± 2·7 1·5 ± 0·8 0·32

Apgar score @ 5 min 3·8 ± 2·6 4·0 ± 2·5 0·88

Apgar score @ 10 min 5·1 ± 1·9 5·0 ± 1·8 0·88

Blood glucose @ admission 6·4 ± 3·2 5·7 ± 4·9 0·72

MRI = magnetic resonance imaging.
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and NE infants). For comparison across groups, the one-
way analysis of variance (anova) with Tukey’s post-hoc
comparison method was used. Statistical analysis was
carried out with anova using the PASW statistical package
version 18 (http://www.ibm.com/SPSS_Statistics). Signifi-
cance was assumed for values of P < 0·05. Results are
expressed as mean ± standard error of the mean (s.e.m.)
unless indicated otherwise.

Results

Demographic data

A total of 63 participants (189 samples) were enrolled into
this study: 15 adult controls, eight neonatal controls and 23
infants with NE. The adult controls consisted of nine males
and five females with a median (range) age of 26 [22–38]
years. The neonatal controls were 39·7 ± 1·0 weeks’ gesta-
tion, birth weight 3·5 ± 0·4 kg and Apgar score at 5 min of
9 ± 1. The NE group included 17 males and six females
(Table 1); 17 infants were eligible for therapeutic hypother-
mia and treated in accordance with the Total Body Hypo-
thermia for Neonatal Encephalopathy (TOBY) criteria for
72 h duration. Six infants had NE Sarnat grades 0/I and 17
infants were NE grades II/III [27], and no patient died prior
to discharge. Three infants in the normal neuroimaging
group and five in the abnormal neurimaging group had
clinical seizures.

Protein C levels

Adult controls had protein C levels that were within or
above the normal range with mean ± standard deviation
(s.d.) (1·5 ± 0·5 IU/ml). Protein C levels were available in 17
of 23 infants with NE, as the other samples were unsuitable
for analysis. Protein C level was abnormal in five of 17 NE
patients. Neonatal controls (0·62 ± 0·19 IU/ml) had signifi-
cantly elevated levels compared with infants with NE
(0·37 ± 0·15 IU/ml) (P < 0·01).

Intracellular reactive oxygen intermediates and NE

Neutrophil ROI baseline was significantly higher in infants
with NE on day 7 versus neonatal controls (P = 0·014)
(Fig. 1a). LPS-induced neutrophil ROI increased signifi-
cantly in NE infants on days 3 (P = 0·021) and 7 (P = 0·02)
compared to their respective baseline levels. APC reduced
the LPS-induced neutrophil ROI significantly in infants
with NE on day 3 (P = 0·02) and adult controls (P = 0·014)
(Fig. 1a). Monocyte ROI baseline was significantly higher in
infants with NE than neonatal controls (P < 0·001). LPS-
induced monocyte ROI increased significantly in infants
with NE on days 3 and 7 (P = 0·001) and APC did not alter
these responses (Fig. 1b).

LPS-induced neutrophil ROI in NE 0/I on day 1 was
higher than severe NE II/III (P = 0·04). However, on day 3,
LPS induced similar neutrophil ROI production in NE 0/I
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Fig. 1. Neutrophil and monocyte reactive

oxygen intermediate (ROI) in infants with

neonatal encephalopathy (NE) versus controls:

whole blood from healthy adult controls

(n = 15), neonatal controls (n = 8) and NE

patients (n = 23) was incubated with

lipopolysaccharide (LPS) ± activated protein C

(APC) for 1 h and then stimulated with

dihydrorhodamine 12 (DHR) and phorbol

12-myristate 13-acetate (PMA). Results were

expressed as the Ln mean channel

fluorescence ± standard error of the mean

(s.e.m.). (a) Neutrophil reactive oxygen

intermediate (ROI): *P < 0·05 versus controls;

**P < 0·05 versus LPS response. (b) Monocyte

ROI: *P < 0·05 versus adult and neonatal

controls; **P < 0·05 versus NE baseline.
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and NE II/III. LPS-induced neutrophil ROI production on
day 7 was increased significantly in severe NE II/III com-
pared to baseline (P = 0·001).There were similar monocyte
ROI baseline and LPS responses in both groups on day 1.
However, LPS-induced monocyte ROI was significantly
higher in NE II/III than NE 0/I on days 3 (P < 0·001) and 7
(P = 0·037) (Supporting Information Fig. S1–3). APC did
not alter monocyte LPS responses.

There was no significant difference in neutrophil and
monocyte ROI baseline on days 1, 3 and 7 between infants
with normal and abnormal MRIs. There was significantly
increased LPS-induced neutrophil ROI on days 3
(P = 0·032) and 7 (P = 0·040) in NE infants with an abnor-
mal MRI, whereas in NE infants with a normal MRI, LPS-
induced neutrophil ROI increased on day 7 (P = 0·017).

Neonatal encephalopathy and CD11b expression

Neutrophil CD11b baseline was significantly higher in
infants with NE than neonatal controls (P = 0·048 and
0·017, respectively). There was significantly increased LPS-
induced neutrophil CD11b expression in infants with NE
and control groups compared to baseline levels (P = 0·001).
LPS-induced neutrophil CD11b expression was significantly
higher in adult controls than infants with NE on day 1
(P = 0·033) and infants with NE on days 3 and 7 and neona-
tal controls (P < 0·001) (Fig. 2a).

Monocyte CD11b baseline expression was significantly
higher in infants with NE than neonatal controls
(P < 0·001). There was significantly increased LPS-induced
monocyte CD11b expression in infants with NE and con-
trols compared to baseline (P < 0·001). Monocyte CD11b
expression in response to LPS was significantly higher in
infants with NE than neonatal controls (P < 0·001). APC
had no effect on neutrophil or monocyte CD11b expression
in response to LPS (Fig. 2b). There was significantly
increased LPS-induced neutrophil and monocyte CD11b
expression on days 1, 3 and 7 (P < 0·05) compared to base-
line in infants with NE 0/I and NE II/III. APC had no effect
in reducing this response. There were no significant differ-
ences in neutrophil and monocyte CD11b baseline and LPS
responses between NE 0/I and NE II/III.

LPS-induced neutrophil and monocyte CD11b on days 1,
3 and 7 (P < 0·001) was increased in infants with NE with
both normal and abnormal MRI. LPS-induced neutrophils
CD11b was higher in infants with NE with normal MRI on
day 1 (P = 0·023) than those with an abnormal MRI. This
difference was not seen in neutrophils and monocytes on
days 3 and 7. APC had no effect in reducing this response.

TLR-4 and NE

There was no significant difference in neutrophil TLR-4
baseline expression between NE infants and control groups.
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Fig. 2. Neutrophil and monocyte CD11b in

response to lipopolysaccharide (LPS) and

activated protein C (APC) modulation in

neonatal encephalopathy (NE): whole blood

from healthy adult controls (n = 15), cord

controls (n = 8) and NE patients (n = 23)

incubated with LPS ± APC for 1 h. Neutrophils

were assessed for CD11b using a phycoerythrin

(PE)-labelled monoclonal antibody (mAb) and

mean channel fluorescence analysed using flow

cytometry. The neutrophil and monocyte

populations were selected based on their scatter

profile (forward- and sideways-scatter): (a)

neutrophil CD11b, *P < 0·05 versus control; (b)

monocyte CD11b, *P < 0·05 versus adult and

cord controls; **P < 0·05 versus controls.
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LPS-induced neutrophil TLR-4 expression was increased
significantly in infants with NE on day 3 compared to base-
line and APC decreased this LPS response significantly
(Fig. 3a). There was no significant difference in monocyte
TLR-4 baseline or LPS responses between infants with NE
and control groups (Fig. 3b).

However, LPS-induced neutrophil TLR-4 was increased
significantly on day 3 (P = 0·024) and in monocytes on day
7 (P = 0·011) in NE II/III compared to baseline. APC did
not alter these responses. There was no significant differ-
ence in LPS-induced neutrophil and monocyte TLR-4
between NE 0/1 and NE II/III. No significant difference was
found in neutrophil and monocyte TLR-4 baseline between
normal and abnormal MRI in infants with NE. LPS-
induced neutrophil TLR-4 on day 3 (P = 0·028) and
monocytes TLR-4 on day 7 (P = 0·039) were increased sig-
nificantly in infants with NE with abnormal MRI compared
to their baseline. APC had no effect in reducing LPS
responses.

Discussion

We have demonstrated that neutrophil ROI in response to
LPS was increased significantly in NE infants compared to
controls, and this response was exaggerated in infants with
severe NE. In many diseases, increased systemic ROIs are
associated with multi-organ injury [2]. APC reduces this
response significantly, which may have clinical relevance as
a potential immunomodulator.

Neutrophil and monocyte CD11b expression was
increased significantly by LPS in infants with NE and con-
trols. Infants with NE and abnormal MRI had decreased
CD11b responses on day 1 compared to those with a
normal MRI. This is in keeping with previous research
showing decreased neutrophil CD11b in infants with NE
and abnormal neurological outcome in cord blood [33].
Winerdal et al. demonstrated that local and systemic CD11b
is highly expressed on neuronal cells even after a week of
ex-vivo-induced cerebral hypoxic–ischaemic injury [34].
The damaging potential of systemic neutrophil activa-
tion begins as early as 15 min, and remains evident at
24 h after the initiation of reperfusion in a murine stroke
model [35].

We have also demonstrated that neutrophil TLR-4
expression in response to LPS was up-regulated significantly
in infants with NE compared to unstimulated cells and was
reduced significantly by APC. TLR-4 is an essential receptor
for LPS binding and LPS does not induce white matter
injury in TLR-4-deficient mice [36]. The volume of brain
injury and neurological deficit secondary to stroke are
reduced significantly in TLR-4-deficient mice compared to
wild-type mice [37]. TLR-4 antagonists reduce inflamma-
tory injury and neurological deficits in a mouse model of
intracerebral haemorrhage [38]. Umbilical cord blood was
used as a neonatal control and can have variable responses
to LPS. We used cord blood following labour, which was
similar to the infants with NE and is associated with
enhanced inflammatory responses, including LPS responses
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Fig. 3. Neutrophil and monocyte Toll-like

receptor (TLR)-4 in response to

lipopolysaccharide (LPS) and activated protein

C (APC) modulation in neonatal

encephalopathy (NE): whole blood from healthy

adult controls (n = 15), cord controls (n = 8)

and NE patients (n = 23) was incubated with

LPS ± APC for 1 h. Cells were then labelled with

Alexa Fluor 647 TLR-4 monoclonal antibody

(mAb) and mean channel fluorescence analysed

using flow cytometry. The neutrophil and

monoclonal populations were selected via flow

cytometry based on their scatter profile. (a)

Neutrophil TLR-4: *P < 0·05 versus control;

**P < 0·05 versus LPS response. (b) Monocyte

TLR-4: no significant differences.
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compared with cord blood following elective caesarean
section [39]. Although APC (Xigris) has been withdrawn
following the negative results of the PROWESS-SHOCK
(Recombinant Human Protein C Worldwide Evaluation in
Severe Sepsis-Shock) trial, it remains controversial, with a
recent cohort study showing an overall reduction in hospi-
tal mortality in a cohort of 45 000 sepsis patients [40].
The Cochrane review of APC in adults and children neo-
nates suggested that APC is not indicated outside clinical
trials [41] for sepsis. The anti-coagulant activity of APC
involves inactivation of factors Va and VIIIa, whereas the
cytoprotective activities involve the endothelial protein C
and protease-activated receptor 1. The bleeding side effects
associated with APC may be overcome by genetic engineer-
ing using the mutated versions of APC that retain the ben-
eficial anti-inflammatory effect of APC, but decrease
bleeding risk due to the reduction in APC-dependent
profibrinolytic and anti-coagulant activities [42,43]. In a
murine model, intravenous APC infusion during focal
ischaemia induced by ligation of middle cerebral artery
decreased significantly brain infarction volume and brain
oedema. This protective effect was decreased significantly in
endothelial protein C receptor-deficient mice [43,44].

Elevated LPS-induced neutrophil ROI production on day
7 in infants with NE may be evidence of an altered inflam-
matory response. APC diminished this response and may
suggest a potential for immunomodulation as adjunctive
therapy in these infants. However, newer forms of APC with
increased inflammatory responses and lower bleeding risk
require further study. Exploring systemic immunomo-
dulation in neonatal encephalopathy holds promise as a
target for future adjunctive therapies.
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Supporting information

Additional Supporting information may be found in the
online version of this article at the publisher’s web-site:

Fig. S1. Neutrophil (a) and monocyte (b) reactive oxygen
intermediates in infants with neonatal encephalopathy
on day 3 divided by severity: NE grade 0/I versus II/III.
*P < 0·05 LPS-induced monocyte ROI comparing NE grade
0/I versus II/III.
Fig. S2. Neutrophil (a) and monocyte (b) reactive oxygen
intermediates in infants with neonatal encephalopathy (NE)
divided by severity on day 7 comparing: NE grade 0/I versus
II/III. *P < 0·05 LPS-induced ROI in NE II/III versus
controls.
Fig. S3. Neutrophil (a) reactive oxygen intermediates (ROI)
on day 3 and (b) monocyte ROI day 7 comparing normal
versus normal neuroimaging. Neutrophil ROI on day 3 and
day 7 infants with abnormal neuroimaging had signi-
ficantly increased LPS-induced neutrophil ROI production
(*P < 0·05).
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