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Neonatal early onset sepsis: a reflection on
the NICE guidance

Neonatal early onset sepsis is a significant clinical problem requiring prompt identification and
treatment of affected infants. Although the National Institute of Health and Care Excellence
(NICE) guidance is helpful in defining a consistent approach to this topic, there remain large
numbers of asymptomatic infants (with risk factors) who receive investigations and longer
courses of antibiotics because of raised C-reactive protein. There is an urgent need to re-evaluate
this and develop more specific investigations to confirm sepsis in order to prevent unaffected
infants receiving unnecessary antibiotics.
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1. NICE guidance defines a consistent
approach to management of early
onset sepsis based on risk factors,
clinical parameters and C-reactive
protein (CRP) levels.

2. Raised CRP levels in asymptomatic
infants are not a good predictor of
sepsis in isolation and can lead to
investigations and prolonged courses of
antibiotics.

3. Further research is required into CRP
levels in asymptomatic patients and
alternative more sensitive
investigations.

ICE is the UK health organisation

responsible for providing national
guidance to promote uniformity in quality
and practice based on best available
evidence. The NICE guideline CG149 was
published in August 2012 to provide
recommendations for the management of
infants with risk factors for early onset
sepsis (EOS).' The guidance outlined a
strategy for determining which infants had
septic screens based on risk factors, and
used biochemical and clinical parameters
to guide management. The guidance
emphasises parental choice and rightly
prompts the early identification and
treatment of ‘at risk’ infants.

Early onset bacterial infection in
neonates, defined within 72 hours of birth,
carries high mortality and morbidity. The
rate of EOS is approximately 1-1.5 per
1,000 births.> Before this guidance was
published, there was a wide variation in
management protocols and definition of

‘risk factors’ within different neonatal units.

Although the identification and treat-
ment of symptomatic babies is essential,
defining the management of asymptomatic
infants with risk factors alone is a chall-
enge, particularly in the context of the
large number of infants in this group and
the lack of good tests to confirm or
definitively rule out sepsis. It is known that
neonatal blood cultures have poor yield,’
and the interpretation and actions based
on non-specific inflammatory markers
eg C-reactive protein (CRP) in well infants
has not been well studied.

Publication of the NICE guideline
CG149, Neonatal Infection: Antibiotics for
Prevention and Treatment,' aimed to unify

the medical care of all newborns with
suspected EOS. The stated aims were:
1. prioritising the treatment of sick babies
2. minimising the impact of management
pathways on healthy women and babies
3. observing wise use of antibiotics to avoid
the development of resistant organisms.
Unfortunately a number of units have
now reported that this guidance has not
met its aim of minimising antibiotic
exposure in infants who do not have EOS
and has led to further investigations,
increased lumbar punctures and longer
durations of treatment and stay** for ‘at
risk’ asymptomatic infants with raised
inflammatory markers. Although the
guidance rightly puts emphasis on the
clinical suspicion of sepsis, in practice it is
hard to ignore significantly raised CRP in
infants who have always been well; this has
led to large numbers of healthy infants
having a full course of antibiotics and a
lumbar puncture on day two. There is
evidence that some units have re-defined
CRP thresholds to levels greater than
10mg/L (the recommended level given in
the guidance) in order to avoid lumbar
puncture.
This article evaluates the NICE guidance
and comments on some of the evidence
underpinning it.

Who to treat?

To aid in the universal identification of
neonates at risk of infection, the CG149
guidelines include two tables. The first is a
list of risk factors that relate to events
leading up to delivery; the second is a list
of clinical risk factors that describe the
condition of the baby after delivery.
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These are further subdivided into red flags
(TABLE 1) or non-red flags (TABLE 2). If a
baby has one red flag or two non-red flag
risk factors, the guidance recommends the
clinician to start antibiotics once the
correct samples have been taken and in a
timely fashion (within one hour of the
decision to treat). However, if the baby
only has one non-red flag risk factor such
as premature delivery without prolonged
rupture of membranes, that baby can be
observed and antibiotics only commenced
if the clinical condition warrants it.

In the authors’ institution, these guide-
lines have led to approximately 8% of all
newborn babies having a septic screen,
equating to about 80 infants treated for
each confirmed episode of EOS. Although
the risk factor tables in CG149 are easy to
use, and the ‘red flags’ clearly indicated,
there are marked differences in practice
and interpretation between units that may
lead to differing numbers of asymptomatic
infants being screened. For example, there
may be differences in screening policies for
group B streptococcus leading to variation
in the proportion of colonised women
identified, different thresholds for defining
clinical chorioamnionitis and treatment of
mothers with antibiotics, differing
approaches to ventilation in preterm
infants, or glucose and lactate monitoring
in asymptomatic infants. In addition it is
important that local protocols clearly
highlight the difference between the risk
factors of prolonged rupture of mem-
branes (=18 hours before delivery) in
preterm infants and pre-labour rupture of
membranes in term infants. Rupture of
membranes lasting more than 18 hours
is very common in primiparous women
in labour.

Investigations before starting
antibiotics in the infant

The guidance emphasises the need to
perform a blood culture and consider
performing a lumbar puncture to obtain a
cerebrospinal fluid (CSF) sample if “there
is a strong clinical suspicion of infection”
before administering the first dose of
antibiotics, with the caveat that lumbar
puncture could be deferred if it would
delay antibiotic dosing. This is uncontro-
versial and would indicate that asymp-
tomatic infants with risk factors alone
should not have a lumbar puncture at this
stage. CG149 also suggests performing a
CRP at presentation when starting anti-
biotic treatment in infants with risk factors

Parenteral antibiotic treatment given to
the mother for confirmed or suspected
invasive bacterial infection (such as
septicaemia) at any time during labour, or
in the 24-hour periods before and after the
birth (this does not refer to intrapartum
antibiotic prophylaxis)

Suspected or confirmed infection in
another baby in the case of a multiple
pregnancy

Respiratory distress starting more than
four hours after birth

Seizures

Need for mechanical ventilation in a
term baby

Signs of shock

TABLE 1 ‘Red flags’—risk factors to guide
antibiotic use. If a baby has one red flag risk
factor, the NICE guideline recommends
starting antibiotics.

for infection or clinical indicators of
possible infection. The data underpinning
the use of CRP in evaluating sepsis are
discussed in a following section.

When to stop treatment?

Once antibiotics have been started, it is
important to identify babies who do not
have an infection within a reasonable
timeframe, to allow treatment to be
discontinued. It is also important to
identify the small number of babies who
do have early onset bacterial infection, in
order to perform a lumbar puncture and
to make decisions regarding length of
treatment.

In order to aid this process of discrim-
inating between the two groups, NICE
guidelines recommend a second CRP
performed 18-24 hours after presentation.
If the CRP is low, the trend in CRP is
‘reassuring’ (undefined in the NICE
guidance) and if the blood cultures are
negative at 36 hours, antibiotics can be
discontinued, with the proviso that the
baby is clinically well and initial suspicion
of sepsis was low. The reduction of typical
antibiotic course from 48 to 36 hours is
very welcome, although some units have
been challenged by microbiology depart-
ments that cannot report cultures at
that time.

When to continue treatment?

Babies that have been clinically unwell, or
those well infants with risk factors and
raised CRP, are given a longer course of

Invasive group B streptococcal infection in
a previous baby

Altered behaviour or responsiveness

Altered muscle tone (eg floppiness)

Feeding difficulties (eg feed refusal)

Feed intolerance, including vomiting,
excessive gastric aspirates and abdominal
distension

Abnormal heart rate (bradycardia or
tachycardia)

Signs of respiratory distress

Hypoxia (eg central cyanosis or reduced
oxygen saturation level)

Jaundice within 24 hours of birth

Apnoea

Signs of neonatal encephalopathy

Need for cardiopulmonary resuscitation

Need for mechanical ventilation in a
preterm baby

Persistent fetal circulation (persistent
pulmonary hypertension)

Temperature abnormality (<36°C or >38°C)
unexplained by environmental factors

Unexplained excessive bleeding, thrombo-
cytopenia, or abnormal coagulation
(international normalised ratio >2.0)

Oliguria persisting beyond 24 hours
after birth

Altered glucose homeostasis
(hypoglycaemia or hyperglycaemia)

Metabolic acidosis (base deficit of
>10mmol/L)

Local signs of infection (eg affecting the
skin or eye)

TABLE 2 ‘Non-red flags'. If a baby has two
non-red flag risk factors, the NICE guideline
recommends starting antibiotics.

antibiotics; the duration and type will
depend on whether meningitis is present.
A lumbar puncture is suggested if the CRP
is above 10mg/L, the blood culture is
positive or the baby has failed to respond
clinically to current antibiotic treatment.
The authors’ experience is that, although
neonatal meningitis is fortunately very rare
indeed (~3 per 10,000 births), many well
infants have a CRP >10mg/L at 18-24
hours. This has led to more lumbar
punctures and several units increasing the
threshold of CRP locally to avoid this
investigation in well babies.® CRP is a very
non-specific marker and can be raised in
non-infectious conditions; there is a lack of
data in healthy infants with risk factors.
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Challenges with interpretation
of CRP

CRP is currently the most well studied
serum acute phase reactant in the newborn
population. The test is readily available,
cheap and can give rapid results to clinical
teams — as such it is the most commonly
used infection marker in neonatal units.
Near-patient CRP measurement is also
now available. In the context of EOS, the
sensitivity of an investigation is more
important than its specificity, as the
implications of not treating an infected
infant are potentially far greater than
unnecessarily treating uninfected infants.
CRP crosses the placenta in very low levels’
and therefore maternal and infant CRP
should not be linked. CRP starts to rise five
to six hours after an initial inflammatory
trigger and then peaks at 36-50 hours, with
levels falling rapidly as inflammation
resolves,® with a half-life of 19 hours.’ This
suggests an initial CRP at presentation may
be unhelpful in our assessment and
management plans, however it does make
sense to take samples when inserting a
cannula and initiating antibiotics to
minimise blood sampling from the infant.

There is very limited evidence around
normal CRP levels in healthy newborn
infants; in 1985 Shine et al aimed to gain
information on normal values of CRP and
the diagnostic value in EOS. In that study,
48 cord blood samples were taken and the
median CRP value was 0.2mg/L (0.015-
6mg/L)."” There were several infants with
confirmed sepsis who had a later rise in
their CRP levels. It has also been argued
that other neonatal events besides infection
(such as meconium aspiration, fetal
distress, maternal fever and premature
rupture of membranes) can cause a CRP
rise, although the current evidence is
inconclusive."

The NICE guidance on investigations of
the neonate with suspected EOS is based
on a range of studies comparing CRP,
interleukin-8, interleukin-6, procalcitonin,
CSF and blood culture results.” One such
study looks at the benefits of serial CRP
levels; a prospective cohort from 1993-
1996 including 1,002 infants of over 36
weeks’ gestation across three neonatal

intensive care units in California, USA,
being treated for presumed EOS. Sensit-
ivity of CRP from initial presentation and
at 8-24 hours increased from 39.4% to
92.9%, specificity dropped from 92.5% to
83.9% and positive predictive value
increased from 6.7% to 35.4%." There are
no large studies available to the NICE
guidance authors that focus on the
asymptomatic infant. In conclusion, initial
CRP at presentation is not helpful in diag-
nosing or excluding EOS, however, serial
CRPs 24 hours apart, if both are under
10mg/mL, are useful in excluding EOS.

More recently, in 2013, Lacaze-
Masmonteil et al assessed the value of a
single CRP level at 18 hours of age." They
found both low sensitivity (64%) and
specificity (56%) values but, as might be
expected, a high negative predictive value
(93%). They concluded that a raised
18-hour CRP in isolation is not a justifi-
cation to continue antibiotics.

All studies used CRP alongside other
criteria, such as clinical condition, blood
culture results and acute phase reactants.
CRP was not used as a single criterion for
discontinuing antibiotics in these studies."
The most commonly studied CRP cut-off
is 10mg/L, but in view of the physiology of
CRP in the first few days of life, how
appropriate is this and should we not
consider a dynamic reference range? The
NICE guidance may be attempting to
acknowledge the dynamic ranges in CRP
by including evaluation of ‘trends’ of CRP
in individual patients. However, without
definition or data underpinning the use of
trends in asymptomatic infants, this may
lead to further inconsistencies in
interpretation and patient management.

Conclusions

The NICE guideline for EOS comes with
the benefits of standardised care, however
we must appreciate the evidence for
investigation with CRP levels is based on
symptomatic infants and there is a lack of
robust published evidence for CRP levels,
or trends, in asymptomatic infants. In
future iterations of the guidance, it may be
helpful to put more emphasis on
asymptomatic infants and acknowledge
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that, although low CRP is helpful in ruling
out sepsis, it is likely to be unhelpful in
predicting sepsis and meningitis (and
therefore the need for further investigation
with lumbar puncture) in infants who have
always been asymptomatic in their first two
days of life.

References

1. NICE. Neonatal Infection: Antibiotics for Prevention
and Treatment (CG149). [Online] 2012. Available
from: www.nice.org.uk/guidance/cg149 [Accessed
3 July 2016].

2. Stoll B.J., Hansen N.I., Sanchez P.J. et al. Early onset
neonatal sepsis: the burden of group B
streptococcal and E. coli disease continues. Pediatrics
2011;127:817-26.

3. Kumar P, Sarkar S., Narang A. Role of routine
lumbar puncture in neonatal sepsis. J Paediatr Child
Health 1995;31:8-10.

4. Mukherjee A., Davidson L., Anguvaa L. et al. NICE
neonatal early onset sepsis guidance: greater
consistency, but more investigations, and greater
length of stay. Arch Dis Child Fetal Neonatal Ed
2015;100:F248-49.

5. Naydeva-Grigorova T., Manzoor A., Ahmed M.
Management of early-onset neonatal infections.
Arch Dis Child Fetal Neonatal Ed 2015;100:F93-94.

6. Mukherjee A., Ramalingaiah B., Kennea N., Duffy
D.A. Management of neonatal early onset sepsis
(CG149): compliance of neonatal units in the UK
with NICE recommendations. Arch Dis Child Fetal
Neonatal Ed 2015;100:F185.

7. Kaapa P, Koistinen E. Maternal and neonatal
C-reactive protein after interventions during
delivery. Acta Obstet Gynecol Scand 1993;72:543-46.

8. Pepys M.B.,, Hirschfield G.M. C-reactive protein:

a critical update. J Clin Invest 2003;111:1805-12.

9. Vigushin D.M., Pepys M.B., Hawkins P.N. Metabolic
and scintigraphic studies of radioiodinated human
C-reactive protein in health and disease. J Clin Invest
1993;91:1351-57.

10. Shine B., Gould J., Campbell C. et al. Serum
C-reactive protein in normal and infected neonates.
Clin Chim Acta 1985;148:97-103.

11.Hofer N., Zacharias E., Miiller W., Resch B. An
update on the use of C-reactive protein in early-
onset neonatal sepsis: current insights and new
tasks. Neonatology 2012;102:25-36.

12.EhlS., Gering B., Bartmann P. et al. C-reactive
protein is a useful marker for guiding duration of
antibiotic therapy in suspected neonatal bacterial
infection. Pediatrics 1997;99:216-21.

13.Benitz W.E., Han M.Y., Madan A. et al. Serial serum
C-reactive protein levels in the diagnosis of neonatal
infection. Pediatrics 1998;102:E41.

14. Lacaze-Masmonteil T., Rosychuk R.J., Robinson J.L.
Value of a single C-reactive protein measurement at
18h of age. Arch Dis Child Fetal Neonatal Ed 2014;
99:F76-79.

lnfant Subscribe today! www.infantgrapevine.co.uk

The essential journal for neonatal and paediatric healthcare professionals

infant VOLUME 12 ISSUE 4 2016

135




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


