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Abstract

Background: Neonatal sepsis is a major contributor to neonatal mortality in India. Blood culture, the gold
standard for the diagnosis of sepsis takes 48-72 hours while the serological markers have suboptimal
diagnostic test characteristics. Perfusion Index (PI) is a real time, non-invasive marker that can detect
microcirculatory changes before other clinical manifestation of sepsis.

Objective: To determine the diagnostic accuracy of Pl in detecting hospital-acquired sepsis before overt
clinical manifestations.

Material and Methods: A prospective observational study was conducted in the Neonatal Intensive Care
Unit (NICU) of a tertiary care hospital.

Participants: Term and preterm neonates admitted to NICU.

Methods: Pl was continuously monitored in all enrolled neonates. Clinical sepsis was defined using the
Neonatal Krankenhaus-Infektions-Surveillance-System (NeoKISS). Pl below 1.24 and 0.88 for term and
preterm neonates, respectively, was defined as low PI. The time of fall of Pl below this value and time of
clinical sepsis as per NeoKISS was noted and the difference was calculated.

Results: Among 72 neonates (gestational age:32.2+3.2 weeks, birth weight:1420, IQR 1100-1855 g), a
total of 93 events of suspected sepsis were noted, of which 70 were sepsis screen positive. 16 events
were associated with culture positive sepsis. Using a cut off of 0.88 in preterm neonates, Pl yielded a
sensitivity of 89.47% (95% Cl 78.48% to 96.04%), specificity of 56% (95% Cl 34.93% to 75.60%), positive
predictive value of 82.26% (95% Cl 74.70% to 87.92%), and negative predictive value of 70% (95% ClI
50.36% to 84.29%) in detection of hospital acquired sepsis. The positive and negative likelihood ratios
came to be 2.03 (95% CI 1.30 to 3.19) and 0.19 (95% CI 0.08 to 0.43), respectively.

Conclusion: This study shows that Pl might serve as an early, non-invasive marker of hospital acquired
sepsis in preterm neonates.

What Is Already Known?

Pl can detect high illness severity, subclinical chorioamnionitis, shock and congenital heart disease in
neonates.

What This Study Adds?

Pl can serve as a non-invasive and early marker for detection of sepsis in preterm neonates before the
appearance of clinical signs.

Introduction
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The neonatal period carries higher risk of mortality than any other period in the childhood. The current
Neonatal Mortality Rate of India is 21.7 per 1000 live births.[1]Systemic infection accounts for about one-
third of neonatal deaths globally and are the third most common underlying cause of neonatal death
preceded only by preterm birth and intrapartum complications.[2, 3]Blood culture remains the gold
standard for the diagnosis of neonatal bacteremia. However despite the high burden of sepsis, culture
proven sepsis is seen only in 31.8% of cases.[2] The high incidence of false negativity can be attributed to
low level of bacteremial4], small volumes of blood inoculated[5] and laboratory factors.[6]

A variety of biochemical markers are being used for detection of neonatal sepsis. The most widely used
is C-reactive protein (CRP). It has been included as a component of sepsis screen comprising of five
parameters including total leucocyte count (TLC), absolute neutrophil count (ANC), immature to total
neutrophil ratio and micro-erythrocyte sedimentation rate (ESR). Presence of two abnormal parameters in
a screen has been shown to have a sensitivity of 93—-100%, specificity of 83% and a negative predictive
value of 100 %.[7] However, high CRP values is also seen in intraventricular hemorrhage, meconium
aspiration syndrome, respiratory distress syndrome, and transient tachypnea.[8]Procalcitonin, IL 6 and
bacterial DNA PCR are among the other biochemical markers of sepsis that have been put to use. [9, 10]

Owing to the high mortality and morbidity associated with sepsis, there is a place for a non-invasive and
early marker of sepsis. In 2003, Griffin et al showed that abnormal heart rate characteristics can be used
to predict sepsis 12—24 hours before the onset of symptoms.[11] In 2005, Can Ince established that the
pathophysiological effects of sepsis can be localized to its effect on microcirculation, the ultimate motor
of sepsis. Sepsis induced damage to endothelial cells of microvasculature impair signaling, causing
decreased perfusion in the peripheries. This is earliest site of damage and begins much before
involvement of vital organs. Being the main prerequisite for adequate tissue oxygenation and thus organ
function, impairment of this regulation causes heterogeneity in blood causing some capillaries to be
under-perfused while others over-perfused. Unlike autoregulatory mechanism in brain, heart and kidney,
cutaneous perfusion is devoid of autoregulation causing decreased perfusion and consequently
decreased skin temperature in sepsis. The effect of sepsis on microcirculation serves the basis for non-
invasive markers of sepsis such as perfusion index (P1).[12, 13]

Peripheral Pl is derived from the photoelectric plethysmography signal of pulse oximetry and has been
used as a noninvasive measure of peripheral perfusion. It reflects the real-time changes in peripheral
blood flow and would be expected to be affected by changes in the arterial circulation.[14] Pl provides an
unambiguous value and can provide easy, noninvasive and unattended monitoring of illness severity in
neonates.[14, 15] Pl has been established as a marker of high illness severity in neonates, vasopressor
requirement, detection of perinatal inflammation and congenital heart malformations.[15-18]PI has been
evaluated as an early predictor of sepsis in asymptomatic newborn with antenatal risk factors for
infection. However, it has not been previously studied in hospital-acquired sepsis. In this study, we have
attempted to determine the diagnostic accuracy of Pl in detection of hospital-acquired sepsis among
neonates admitted in the Neonatal Intensive Care Unit (NICU).
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Material And Methods

This prospective observational study was conducted in the Neonatal Intensive Care Unit (NICU) of a
tertiary care hospital in north India from June 2018 to July 2019 after obtaining approval from Institute
Ethics Committee. A written informed consent was obtained from either parent of the enrolled neonates.

All the term and preterm babies admitted to NICU were assessed for inclusion in the study. All neonates
with a baseline Pl of more than 0.88 in preterm and more than 1.24 in term neonates, who developed
clinical sepsis after 48 hours of life, were included in the study. For including a repeat episode of sepsis in
the same baby or babies receiving antibiotics for early onset sepsis, a period of at least 48 hours “off
antibiotics” was considered for including the event. Neonates with major congenital malformations,
structural congenital heart disease (except patent ductus arteriosus), HIV positive mothers, suspected
inborn errors of metabolism, and cardiogenic shock were excluded.

The demographic details, perinatal history and general physical examination were recorded in a
predesigned format. A Score for Neonatal Acute Physiology Perinatal Extension (SNAPPE Il) was
calculated for all enrolled neonates within 12 h of admission to NICU. Pl was monitored continuously
using a pulse oximeter or multiparameter monitor with Signal Extraction Technology (Masimo Corp.,
Irvine, CA, USA) and was recorded every 20 minutes. The data from Masimo device was directly
transferred into computer via data transfer cable while that from multi-parameter screen display was
captured as a photograph and later typed into a Microsoft® Excel worksheet. When the value of PI
persisted below 0.88 in preterm babies and 1.24 in term babies for more 45 minutes, the time was noted.
We used German Surveillance System for hospital-acquired neonatal sepsis, Neo-KISS (Neonatal
Krankenhaus-Infektions-Surveillance-System) for defining clinical sepsis in both term and preterm
neonates.[19] In laboratory parameters, CRP of >10 mg/dl, TLC of less than 5000/mm3or ANC abnormal
as per Manroe [20] and Mouzinho [21] charts were considered to be sepsis screen positive. A minimum of
1 ml of blood was withdrawn for culture from a fresh venipuncture site, under all aseptic precautions,
prior to starting antibiotics. Sending of sepsis screen and blood culture samples was decided clinically.
The correlation with perfusion index was analyzed subsequently. Vitals in the form of heart rate,
respiratory rate, blood pressure and temperature were monitored on hourly basis. All the babies were
continuously monitored for perfusion index and oxygen saturation through an attached monitor. The
babies with positive sepsis screen were considered to have sepsis while those with negative sepsis
screen were considered to have no sepsis.

Statistical analysis:93 events achieve 91% power to detect a change in sensitivity from 0.5 to 0.8 using a
two-sided binomial test and 100% power to detect a change in specificity from 0.5 to 0.8 using a two-
sided binomial test. The target significance level is 0.05. Statistical analysis was done using SPSS
version 19. All categorical variables were compared using chi-square test and continuous variables using
Student’s t-test. Perfusion index was analyzed using repeated measures ANOVA test. Due to the effect of
patent ductus arteriosus (PDA) on perfusion index, babies with PDA at the time of sepsis were excluded
from analysis.
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Results

The study flow is depicted in figure |. The mean maternal age was 25.5+ 4.9 years. 34 (47.2%) of the
mothers were primigravida. Pregnancy induced hypertension (PIH) and eclampsia were seen in 14
(19.4%) and eight (11.1%) mothers, respectively. Premature rupture of membranes was present in 29
(40.2%) cases. Mode of delivery was caesarean section in 42 (58.3%) patients.

Seven (9.7%) babies were more than 37 weeks of gestation, 34 (47.2%) babies between 32 to 36 weeks of
gestation and 31 (43%) babies were less than 32 weeks of gestation. Of the 93 events of sepsis, seven
were recorded in term neonates and 86 were recorded in preterm neonates. Mean PI at enrollment was
0.92 and 0.96 in term and preterm neonates, respectively. (Table I)

According to NeoKISS criteria, clinical sepsis was present in 77 (82.7%), non-coagulase negative
Staphylococcus (CONS) sepsis in 12 (12.9%) and CONS sepsis in 4 (4.3%) of the events. In the no CONS
group, blood culture showed Acinetobacter in 4 events, Klebsiella in 3 events, E. coli and methicillin-
resistant Staphylococcus aureus (MRSA) in 1 event each and culture positive meningitis in 4 events
(Enterococcus in 3 events and E. coli in 1 event).

Among the clinical parameters, new or more frequent apnea was most frequently encountered, that is, in
38(41%) events. This was followed by prolonged capillary filling time in 31(33.3%) events, heart rate
variability in 26 (28%) events, temperature instability in 21 (22.6%) events, unexplained metabolic
acidosis in 5(5.4%) events and new onset hyperglycemia in 4 (4.3%) events. Other signs of blood stream
infection were seen in 65 (70%) of events.

Sepsis screen positivity, as defined by CRP of > 10 mg/dl, TLC of less than 5000/mm? or ANC abnormal
as per Manroe [20] and Mouzinho [21] charts, was seen in 70 (75.2%) of clinical events with median value
of CRP being 27 mg/L (IQR 12-73), TLC being 11450/pL (IQR 5900-18250) and ANC being 5541/pL
(IQR 2370-9708). Meningitis was present in 13 (13.9%) events. 4 events were associated with culture
positive meningitis. Taking 0.88 cut off for preterm babies and 1.24 for term babies, in 67 (72%) events
perfusion index was below the cut-offs prior to clinical detection of sepsis. The median time difference
between detection of sepsis with fall in perfusion index as compared to clinical sepsis was 268 minutes
(IQR 120-459) or 4.5 hours (IQR 0.25-22.4). (Table II)

Of the sixty-seven cases with low PI, 11 (12.3%) had negative sepsis screen while 56 (62.9%) cases had
sepsis screen positive. Of the twenty-two cases where PI did not fall below the cut off, 15 (16.8 %) had
positive sepsis screen while 7 (7.8%) had negative sepsis screen. Four cases, which were being treated for
PDA at the time of detection of sepsis, were not included in analysis due to the possibility of Pl being
falsely high secondary to PDA.

The median Pl in term babies at the time of sepsis came to be 1.5 which was same as median PI at
admission, hence deferring its utility in diagnosing hospital acquired sepsis in term neonates. For
detection of hospital acquired sepsis in preterm babies, Pl showed a sensitivity of 89.47% (95% Cl 78.48-
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96.04%), specificity of 56% (95% Cl 34.93-75.60%), positive predictive value of 82.26% (95% Cl 74.70-
87.92%), and negative predictive value of 70% (95% Cl 50.36-84.29%) in detection of sepsis in preterm
neonates. The positive likelihood ratio of the test is 2.03 (95% CI 1.30 to 3.19) while the negative
likelihood ratio is 0.19 (95% CI 0.08 to 0.43). The diagnostic accuracy of Pl for diagnosis of sepsis is
79.27% (95% Cl 68.89-87.43%). (Table IlI)

When the events associated with fall in Pl and those in which PI did not fall before sepsis were compared,
heart rate, respiratory rate and SNAPPE Il scores at admission showed no significant difference in both
the groups, however, the low PI group showed significantly lower values of temperature (p value = 0.0441)
and PI (p value = 0.0048) at the time of admission to NICU. However, the median age at sepsis was 7
days or 268 hours and the median age at NICU admission was 8 hours, this seems to be a chance
occurrence. (Table IV)

A one-way ANOVA was conducted to determine if there was any significant difference in the values of
perfusion index 24 hours before sepsis, during sepsis and 24 hours after starting antibiotics. In both term
and preterm neonates there was significant difference between the perfusion indices among three time
periods (p <0.001). The values of Pl were significantly lower values in the sepsis period as compared to
pre-sepsis period in both term (p < 0.05) and preterm (p < 0.05) neonates. In addition, preterm neonates
showed significantly higher values of Pl in the period 24 hours after starting antibiotics indicating
positive response to starting treatment. The median value of Pl during clinical sepsis in term and preterm
neonates came out to be 1.5 (IQR 1.09-2.21) and 0.9 (IQR 0.58-1.5), respectively.

Amongst 72 neonates, 56 (77.7%) were discharged from the hospital, 7 (9.7%) took leave against medical
advice, 1 (1.3%) was referred to higher center for surgical intervention and in 8 (11%) cases the outcome
was death. The mean length of NICU stay was 24 (16.8) days and that of hospital stay was 41 (22.5)
days.

The median enrolment Pl of the babies who died was 0.65 (IQR 0.6—0.76, 95% CI 0.58—0.87) and those
who survived was 0.8 (IQR 0.69-1.1,95% CI 0.77-0.84) (p value=0.0161) hence indicating that the
babies with lower PI at the time of enrolment are predisposed to a poor outcome.

A positive association was seen between SNAPPE Il score and duration of NICU stay, that is, higher
SNAPPE Il scores were associated with prolonged duration of NICU stay. (Correlation coefficient, r=
0.3774, p value=0.0002)

Discussion

In this prospective observational study conducted in NICU of a tertiary care hospital, 93 events of hospital
acquired sepsis were studied. In 72% events of sepsis, Pl was found to fall below cut off prior to sepsis.
The median value of Pl at the time of sepsis in term neonates came out to be 1.5 while in preterm
neonates it was 0.9. This value could be used as a threshold for detecting sepsis in preterm neonates.
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However, in term neonates, the median admission Pl and median PI at the time of sepsis was 1.5.
Thereby, Pl does not seem to have a role in detecting hospital acquired sepsis in term newborn babies.

As compared to laboratory markers, fall in Pl helped in detecting sepsis early by a margin of 4.5 hours
(IQR 0.25-22.4 hours). In our study, Pl yielded a sensitivity of 89.47% (95% Cl 78.48-96.04%), specificity
of 56% (95% Cl 34.93-75.60%), positive predictive value of 82.26% (95% Cl 74.70—-87.92%), and negative
predictive value of 70% (95% Cl 50.36—-84.29%) in detection of sepsis in preterm neonates. These indices
were arrived at after excluding babies with PDA, at the time of sepsis, to account for the effect of PDA on
PI.

The major strengths of our study were inclusion of both term and preterm neonates; continuous
monitoring of Pl and being the first study to evaluate Pl as a marker of neonatal sepsis. However, a small
number of term babies, is a major limitation and the variation of Pl during sepsis in term babies would
require validation on a larger sample size.

In a study by Felice et al, one minute Pl < 1.74 and five minute Pl < 2.18 showed 100% sensitivity and
specificity in discriminating histological chorioamnionitis (HCA) positive from HCA negative cases.[17]
Rasmy et al recorded perfusion indices for 36 neonates. A Pl < 0.3 had a sensitivity and specificity of
100% and 93%, respectively for determining vasopressor requirement. Also, a concomitant rise in serum
lactate levels was seen.[16] A Pl value of 1.24 has been shown to be associated with high iliness severity
in neonates.[15]

In a cohort study on extremely low gestational age newborns, Van laere et al concluded that low values
and reduced short-term variability of Pl on day 1 are associated with adverse outcomes.[22] In a cross
sectional study design to evaluate correlation between Pl and Clinical Risk Index for Babies (CRIB) score
in sick neonates, Mathew et al found that the median PI of babies with shock and without shock was
0.63 (0.43,0.84) and 1.58 (1.19, 2.41), respectively, with p value <0.001.[23]

Pl has also shown good correlation with occurrence of clinical shock.(24) Also Pl is significantly
correlated with left ventricular output and can be an important tool in the diagnosis of congenital heart
defects.[18, 25]

The limitation of using Pl as a marker of neonatal sepsis is that it can be affected by multiple factors
including shock[16], heart disease[26] or perinatal inflammation[17]. However, based upon the findings of
this study, we can conclude that Pl can be used for early detection of sepsis in preterm neonates with a
critical cut off value of 0.9 but it has no role in detecting sepsis in term neonates.

Abbreviations
ANC Absolute Neutrophil Count
CONS Coagulase-negative Staphylococcus
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CRIB Clinical Risk Index for Babies

CRP C-Reactive Protein

ESR Erythrocyte Sedimentation Rate

HCA Histological Chorioamnionitis

MRSA Methicillin-Resistant Staphylococcus aureus
Neo-KISS Neonatal Krankenhaus-Infektions-Surveillance-System
NICU Neonatal Intensive Care Unit

PDA Patent Ductus Arteriosus

Pl Perfusion Index

PIH Pregnancy Induced Hypertension

SNAPPE || Score for Neonatal Acute Physiology Perinatal Extension Il
TLC Total Leukocyte Count
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Table I: Baseline characteristics in neonates with late onset neonatal sepsis
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Variable n=72
Gestational age(weeks) * 32.2(3.2)
Birth weight(grams)* 1420 (1100-1855)
Small for gestational age” 21 (29%)
Male gender” 40 (55.5%)
Apgar score at 1 min* 7.3(1-9)
Apgar score at 5 min* 8.1(3-9)
Hours of life at NICU admission* 8 (512)

Heart Rate at the time of admission to NICU (beats per minute) * 141 (135-156)
Temperature at the time of admission to NICU (°C)* 36.1(0.8)
Respiratory rate at the time of admission to NICU (breaths per minute) * 64 (60-70)
Perfusion Index at the time of admission to NICU (Term)* 1.5 (1.25-1.6)
Perfusion Index at the time of admission to NICU (Preterm)* 1.1(0.9-1.4)

Values represent *mean (SD) or *number (percentage) or +Median (Inter-quartile range)

Table II: Profile of perfusion index and clinical sepsis noted in 93 events of late onset neonatal sepsis

Variable n=93

Perfusion index at enrollment (term)* 0.92 (0.53)
Perfusion index at enrollment (preterm)” 0.96 (0.56)
Hours of life at NICU admission® 8 (5-12)

Age at clinical sepsis (hours of life)* 160 (87.9-254.9)
Time difference between detection of sepsis with fall of Pl vs. clinically 268 (120-459)
(minutes)*

Time difference between detection of sepsis with fall of Pl vs. clinically (hours)* 4.5 (0.25-22.4)
Perfusion index below cut off of 1.24 in term and 0.88 in preterm prior to sepsis? 67 (72%)

Values represent *mean (SD) or *number (percentage) or +Median (Inter-quartile range)
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Table lll:Diagnostic Accuracy of perfusion index in detecting sepsis in preterm neonates

Sepsis No Sepsis

n (%) n (%)
Pl low 51 (62%) 11 (13.4%) 62 (73.1%)
Pl not low 6 (7.3%) 14 (17.1%) 20 (24.4%)

57 (69.5%) 25 (30.4%) 82

VALUE 95% Cl

Sensitivity 89.5% 78.5% t0 96%
Specificity 56% 34.9% t0 75.6%
Positive likelihood ratio 2 1.3t03.2
Negative likelihood ratio 0.2 0.1t0 0.4
Positive predictive value 82.3% 74.7% t0 87.9%
Negative predictive value  70% 50.4% 10 84.3%
Accuracy 79.3% 68.9% to 87.4%

Note: Seven term neonates and four cases of patent ductus arteriosus (PDA) who were receiving
treatment for PDA at the time of sepsis have been excluded from analysis.

Table IV: Comparison of factors in neonates with Pl below the cut off value prior to sepsis and those with
Pl above the cut off during late onset neonatal sepsis
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Variable

Male gender”

Preterm?

Small for gestational age®
Maternal age (years) *
Caesarian Section®
Chronic Hypertension*
Anemia (Hb<10g/dl) #
Eclampsia®

IUGR*

Oligohydramnios®

Preterm Premature Rupture of
membranes*

Gestational age (weeks) *
Weight (grams) *
Apgar score at 1 minute®

Apgar Score at 5 minutes*

Heart rate at admission (beats per
minute) *

Respiratory Rate at admission (per
minute) *

Temperature at admission (°C) *
Perfusion Index at admission*
SNAPPE 2 score*

CRP (mg/dl) *

PDA needing treatment”

Intraventricular hemorrhage®

Pl below cut off
group(n=67)

34 (50.7%)
63 (94%)
21 (31.3%)
25 (22-28)
35 (52.2%)
1 (1.5%)
6 (8.9%)
6 (8.9%)
6 (8.9%)
13 (19.4%)

31 (46.2%)

31.443
1200 (1000-1560)
9 (6-9)
9 (8-9)

149 (137-156)

64 (60-68)

36.2 (35.6-36.6)
1.1 (0.9-1.37)
20 (10-35)

31 (13.9-82.5)
17 (25.3%)

12 (17.9%)
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Pl above cut off group
(n=26)

15 (57.6%)
24 (92.3%)
9 (34.6%)
27 (23-30)
18 (69.2%)
2 (7.7%)

3 (11.5%)
4 (15.4%)
4 (15.4%)
2 (7.69%)

9 (34.6%)

32.8+3.1
1600 (1000-2000)
9 (6-9)
9 (8-9)

138 (135-152)

62 (60-70)

36.5 (36-36.8)
1.3 (1-2.03)
21.5 (5-28)
24.8 (7.1-43)
6 (23%)

3 (11.5%)

value

0.54
0.76
0.76
0.138
0.14
0.13
0.7
0.37
0.37
0.17

0.31

0.058
0.073
0.132
0.436

0.165

0.445

0.0441
0.0048
0.525
0.097
0.81

0.32




‘ Shock® 40 (59.7%) 10 (38.4%) 0.0667 ‘

‘ Length of NICU stay (days)* 18 (12-34) 19 (14-33) 0.592 ‘

Values represent *mean (SD) or *number (percentage) or +Median (Inter-quartile range)

Figures
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Number of babies born during study period =
7764

h 4

Admitted to NICU = 527

EXCLUSION CRITERIA

/ 6- Major congenital malformations \
3- Retropositive mothers
12-Structural congenital heart —

disease and Cardiogenic shock
89-Already on antibiotics for LONS /150-Admitted to NICU for less than 72 hours )
while admission to NICU
195- Could not be mcluded due to missed
\ / — opportunity/temporary probe
dysfunction/cannula applied in nght hand

Y o

72 babies enrolled

y

93 events of sepsis recorded

Figure 1

The Study Flow
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Figure 2

The box and whisker plot showing mean perfusion index 24 hours prior to sepsis, at the time of clinical
sepsis and 24 hours after starting antibiotics for clinical sepsis in preterm (A) and term (B) neonates.
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