Surveillance proposal consultation document
2018 surveillance of Bacterial meningitis (NICE guideline
CG102)
Proposed surveillance decision
We propose to update the NICE guideline on bacterial meningitis.
The following table gives an overview of how evidence identified in surveillance might affect
each area of the guideline
Section of the guideline

New evidence Impact
identified

1.1 Symptoms, signs and initial assessment
Investigation and management in children and young people with
suspected bacterial meningitis

Yes

No

Yes

No

Investigation and management in children and young people with
petechial rash

Yes

No

Investigation and management in children and young people with
suspected bacterial meningitis

Yes

Yes

Polymerase chain reaction (PCR) tests for bacterial meningitis and
meningococcal disease

Yes

No

Skin samples for meningococcal disease

Yes

No

Performing lumbar puncture and interpreting cerebrospinal fluid
parameters for suspected bacterial meningitis

Yes

No

1.2 Pre-hospital management
Pre-hospital management of suspected bacterial meningitis and
meningococcal septicaemia
1.3 Diagnosis in secondary care
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Cranial computed tomography in suspected bacterial meningitis

No

No

Antibiotics for suspected bacterial meningitis or meningococcal
disease

Yes

No

Treatment for specific infections in confirmed bacterial meningitis

No

No

Treatment of unconfirmed bacterial meningitis

Yes

No

Treatment of meningococcal disease

No

No

Other aspects of management in bacterial meningitis and
meningococcal septicaemia

No

No

Corticosteroids

Yes

No

Adjunctive therapies

Yes

No

Monitoring for deterioration for meningococcal disease

Yes

No

Retrieval and transfer to tertiary care

No

No

Long-term effects of bacterial meningitis and meningococcal
septicaemia

Yes

No

Immune testing

Yes

Yes

1.4 Management in secondary care

1.5 Long-term management

Reasons for the proposal to update the guideline
This section provides a summary of the areas proposed to be updated and the reasons for the
decision to update.

Diagnosis in secondary care
Procalcitonin (PCT)
New systematic review and observational evidence supports the use of both serum and
cerebrospinal fluid (CSF) PCT in the diagnosis of bacterial meningitis, including differential
diagnosis between bacterial and viral meningitis. CG102 did not identify any evidence that
examined the diagnostic accuracy of PCT for differentiating bacterial meningitis from other
infections. Further new systematic review evidence indicates that PCT in addition to standard
testing may be more cost effective than standard testing alone.
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The new evidence identified through the surveillance review strengthens the evidence base
for including PCT alongside other variables in diagnosis in secondary care. There is therefore
a potential impact on recommendation 1.3.7, which advises that a C-reactive protein and
white blood cell count should performed, but does not include PCT testing.
Age-specific reference values
Topic expert feedback and new evidence indicates that up to date age-specific reference
values, including those published by Public Health England (PHE), are available. There is a
potential impact to review section 5.5 of the full guideline, specifically the text concerning
normal ranges for CSF variables. Due to a lack of evidence on neonates at the time of
guideline development, the normal CSF values presented in CG102 reflect those presented
for the adult population for total protein concentration, and to children over 1 year old and
adults for glucose concentration. The related research recommendation should also be
reviewed.

Long-term management
New intelligence indicates a potential impact on recommendations 1.5.8–1.5.10, to take
account of the MenB vaccine that has been introduced since publication of NICE guideline
CG102. A review of the wording of these recommendations should be considered, so that
any child who has received meningococcal vaccination and subsequently develops
meningococcal disease should be tested for complement deficiency. The current
recommendations for testing exclude children who have had meningococcal disease caused
by serogroup B, based on the lower likelihood of complement deficiency in this subgroup at
the time of guideline development.
For further details and a summary of all evidence identified in surveillance, see appendix A
below.

Overview of 2018 surveillance methods
NICE’s surveillance team checked whether recommendations in Meningitis (bacterial) and
meningococcal septicaemia in under 16s: recognition, diagnosis and management (NICE
guideline CG102) remain up to date.
The surveillance process consisted of:
● Initial feedback from topic experts via a questionnaire.
● Literature searches to identify relevant evidence.
● Assessing the new evidence against current recommendations and deciding whether or
not to update sections of the guideline, or the whole guideline.
● Consultation on the decision with stakeholders (this document)
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After consultation on the decision we will consider the comments received and make any
necessary changes to the decision. We will then publish the final surveillance report
containing the decision, the summary of the evidence used to reach the decision, and
responses to comments received in consultation.
For further details about the process and the possible update decisions that are available, see
ensuring that published guidelines are current and accurate in developing NICE guidelines:
the manual.

Evidence considered in surveillance
Search and selection strategy
We searched for new evidence related to the whole guideline.
We found 56 studies in a search for systematic reviews, randomised controlled trials and
observational studies published between October 2014 and April 2018.
We also included 41 studies identified by search in previous surveillance in 2015, including
any studies suggested during consultation.
From all sources, we considered 97 studies to be relevant to the guideline.
See appendix A: summary of evidence from surveillance below for details of all evidence
considered, and references.

Selecting relevant studies
Methodological search filters for systematic reviews and randomised controlled trials were
not used in the surveillance search, in order to capture observational studies of relevance to
sections on signs, symptoms and diagnosis.

Ongoing research
We checked for relevant ongoing research. Of the ongoing studies identified, 5 studies were
assessed as having the potential to change recommendations; therefore we plan to check the
publication status regularly, and evaluate the impact of the results on current
recommendations as quickly as possible. These studies are:
● ISRCTN11369832: Using procalcitonin to guide duration of antibiotics
● ISRCTN48274252: Analysis of water and electrolyte balance during osmotherapy in
meningitis/encephalitis
● NCT02308982, EudraCT201400299735 and ISRCTN15791925; Pre-results.
IGNITE trial immunoglobulin in encephalitis
● Assessing the potential benefits of group B Streptococcus (GBS) vaccines
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● Listeria infection in infants

Intelligence gathered during surveillance
Views of topic experts
We considered the views of topic experts, including those who helped to develop the
guideline.
For this surveillance review, topic experts completed a questionnaire about developments in
evidence, policy and services related to the guideline. The potential triggers for updating
were considered to be:


Recent epidemiological data which suggest antibiotic choice especially for infants
under 3 months should be revised.



New sepsis guidelines, including NICE guideline NG51, which require alignment.



Changes in epidemiology and diagnosis after introduction of MenB vaccine for all
infants in 2015.



Emergency management to incorporate any critical management evidence.



New guidelines from PHE have been issued on testing that should be undertaken to
monitor vaccine impact.



New data on immunological testing should be reviewed in view of new research in
this area.



Choice of antibiotic, including for penicillin-allergic patients.

Other sources of information
We considered all other correspondence received since the guideline was published.
Administration of pre-hospital antibiotics
An enquiry was received from the coroner’s office relating to the potential administration of
pre-hospital antibiotics. However, Chief Medical Officer guidance and NICE guideline CG102
recommendation 1.2.2 advise against administering pre-hospital antibiotics without a nonblanching rash. No new evidence was identified in the current or previous surveillance review
to direct a change in practice and the research recommendation on this topic therefore
remains ongoing.
Serogroup B vaccination
There was a query about whether the surveillance of CG102 would consider a new group B
vaccination. However, prevention of meningitis is outside the remit of the guideline so this
area would not be considered in the surveillance review. The Joint Committee on
Vaccinations and Immunisations sets the national policy for vaccinations in the UK.
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Diagnostic algorithms
Through the surveillance of NICE’s guideline on fever in under 5s, topic experts highlighted a
study which compared 2 algorithms devised to help identify which children with nonblanching rash had meningococcal disease. The study revealed that the Birmingham-Liverpool
algorithm had a similar sensitivity but higher specificity than the NICE algorithm. This study is
included in the evidence summary.

Views of stakeholders
Stakeholders are consulted on all surveillance decisions except if the whole guideline will be
updated and replaced. Because this surveillance decision was to update part of the guideline,
we are consulting on the decision.
See ensuring that published guidelines are current and accurate in developing NICE
guidelines: the manual for more details on our consultation processes.

Equalities
No equalities issues were identified during the surveillance process.

Editorial amendments
During surveillance of the guideline we identified the following issues with the NICE version
of the guideline that should be corrected.
NICE Guideline Introduction
Paragraph 3 of the introduction in the NICE version of guideline CG102 should be amended
to take account of the introduction of both the MenB vaccine into the schedule in 2015. The
text should be amended to:
The epidemiology of bacterial meningitis in the UK has changed dramatically in the
past two decades following the introduction of vaccines to control Hib, serogroups B
and C meningococcus and some types of pneumococcus.
Text to be removed:
As no vaccine is currently licensed against serogroup B meningococcus, this pathogen
is now the most common cause of bacterial meningitis (and septicaemia) in children
and young people aged 3 months or older

In the introductory text to the guidance section 1, the cross referral to Feverish illness in
children (NICE clinical guideline 47) should be amended to cross refer to the NICE guideline
on fever in under 5s: assessment and initial management. The guideline number and hyperlink
should be amended.
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Immediately after this paragraph, a cross referral should be added to the subsequently
published NICE guideline on Sepsis. The text should state:
This guideline assumes that if a child presents with signs or symptoms that indicate
possible infection, the child will be managed according to NICE's guideline on Sepsis:
recognition, diagnosis and early management until bacterial meningitis or
meningococcal septicaemia is suspected.
Symptoms, signs and initial assessment
Table 1: More specific symptoms/signs
In the note column, a statement may need to be added to the line “Focal neurological deficit
including cranial nerve involvement and abnormal pupils” qualifying the “X” entry for
meningococcal septicaemia. The proposed text is: “Cerebral oedema may occur without
meningitis, and in these circumstances there may be abnormal pupil reactions”. This
additional text should be reviewed by the committee as part of the update.
Table 1 column headings should also be amended to address an overarching ambiguity,
where meningococcal meningitis and meningococcal septicaemia are included in two
columns. The following suggested structure should be reviewed by the committee as part of
the update:

Cross referral to other guidelines
Footnotes 3 and 4 from recommendations 1.1.3 and 1.1.4 should be amended to cross refer
to the updated NICE guideline on fever in under 5s.
Editorial corrections are required to the hyperlinks of footnotes 6 and 7, which direct to the
Health Protection Agency. Footnote 6 should direct to the Health Protection (Notification)
Regulations 2010:
http://www.legislation.gov.uk/uksi/2010/659/contents/made
Recommendation 1.1.19 should state:
Meningococcal disease: guidance on public health management. (March 2018) Public Health
England
in place of:
'Guidance for Public Health Management of Meningococcal Disease in the UK' (Health
Protection Agency Meningococcus Forum, 2006)
and Footnote 7 should direct to Meningococcal disease: guidance on public health
management
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Diagnosis in secondary care
Cross referral to NICE guideline on Tuberculosis
Recommendation 1.3.24 should be amended to cross refer to the updated NICE guideline on
tuberculosis. The guideline number and hyperlink should be amended.
Management in secondary care
Antibiotics for suspected bacterial meningitis or meningococcal disease
Based on topic expert feedback, recommendation 1.4.5 wording should be amended for
clarity with the following revised text:
“Where calcium-containing infusions are being administered, do not use ceftriaxone, instead
use cefotaxime.”
Cross referral to NICE guideline on Tuberculosis
Recommendation 1.4.7 and 1.4.41 should be amended to cross refer to the updated NICE
guideline on tuberculosis. The guideline number and hyperlink should be amended in the
existing cross reference.

Overall decision
After considering all evidence and other intelligence and the impact on current
recommendations, we decided that an update is necessary at this time.
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Appendix A: Summary of evidence from surveillance
2018 surveillance of Meningitis (bacterial) and meningococcal
septicaemia in under 16s: recognition, diagnosis and
management (2010) NICE guideline CG102
Summary of evidence from surveillance
Studies identified in searches are summarised from the information presented in their
abstracts.
Feedback from topic experts who advised us on the approach to this surveillance review was
considered alongside the evidence to reach a final decision on the need to update each
section of the guideline.

Symptoms, signs and initial assessment
Recommendations in this section of the guideline
1.1.1




Consider bacterial meningitis and meningococcal septicaemia in children and
young people who present with the symptoms and signs in table 1 (below).
Be aware that:
o

some children and young people will present with mostly non-specific
symptoms or signs, and the conditions may be difficult to distinguish from
other less important (viral) infections presenting in this way

o

children and young people with the more specific symptoms and signs are
more likely to have bacterial meningitis or meningococcal septicaemia, and the
symptoms and signs may become more severe and more specific over time.

Recognise shock (see table 1 below) and manage urgently in secondary care.
Table 1 Symptoms and signs of bacterial meningitis and meningococcal
septicaemia

Symptom/sign

Bacterial
meningitis
(meningococcal
meningitis and
meningitis caused
by other bacteria)

Meningococcal
disease
(meningococcal
meningitis and/or
meningococcal
septicaemia)

Meningococcal
septicaemia

Notes
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Common non-specific symptoms/signs
Fever

√

√

√

Vomiting/nausea

√

√

√

Lethargy

√

√

√

Irritable/unsettled

√

√

√

Ill appearance

√

√

√

Refusing
food/drink

√

√

√

Headache

√

√

√

Muscle ache/joint
pain

√

√

√

Respiratory
symptoms/signs or
breathing difficulty

√

√

√

√

√

Not always
present,
especially in
neonates

Less common non-specific symptoms/signs
Chills/shivering

√
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Diarrhoea,

√

√

NK

√

√

NK

abdominal
pain/distension

Sore throat/coryza
or other ear, nose
and throat
symptoms/signs

More specific symptoms/signs
Non-blanching rash

√

√

√

Stiff neck

√

√

NK

Altered mental
state

√

√

√

Be aware that a
rash may be less
visible in darker
skin tones –
check soles of
feet, palms of
hands and
conjunctivae

Includes
confusion,
delirium and
drowsiness, and
impaired
consciousness
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Capillary refill time
more than
2 seconds

NK

√

√

Unusual skin colour

NK

√

√

Shock

√

√

√

Hypotension

NK

√

√

Leg pain

NK

√

√

Cold hands/feet

NK

√

√

Back rigidity

√

√

NK

Bulging fontanelle

√

√

NK

Photophobia

√

√

X

Kernig's sign

√

√

X

Brudzinski's sign

√

√

X

Unconsciousness

√

√

√

Toxic/moribund
state

√

√

√

Paresis

√

√

X

Only relevant in
children aged
under 2 years
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Focal neurological
deficit including
cranial nerve
involvement and
abnormal pupils

√

√

X

Seizures

√

√

X

Signs of shock


Capillary refill time more than 2 seconds



Unusual skin colour



Tachycardia and/or hypotension



Respiratory symptoms or breathing difficulty



Leg pain



Cold hands/feet



Toxic/moribund state



Altered mental state/decreased conscious level



Poor urine output

√ symptom/sign present
X symptom/sign not present
NK not known if a symptom/sign is present (not reported in the evidence)
1.1.2

Be alert to the possibility of bacterial meningitis or meningococcal septicaemia
when assessing children or young people with acute febrile illness.

1.1.3

Healthcare professionals should be aware that classical signs of meningitis (neck
stiffness, bulging fontanelle, high-pitched cry) are often absent in infants with
bacterial meningitis*.

1.1.4

Be aware that children and young people with bacterial meningitis commonly
present with non-specific symptoms and signs, including fever, vomiting,
irritability, and upper respiratory tract symptoms. Some children with bacterial
meningitis present with seizures†.

*

This recommendation is from Feverish illness in children (NICE clinical guideline 47).

†

See table 2 in Feverish illness in children (NICE clinical guideline 47).
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1.1.5

Consider other non-specific features of the child's or young person's
presentation, such as:
● the level of parental or carer concern (particularly compared with previous
illness in the child or young person or their family),
● how quickly the illness is progressing, and
● clinical judgement of the overall severity of the illness.

1.1.6

In children and young people with suspected bacterial meningitis or
meningococcal septicaemia, undertake and record physiological observations of
heart rate, respiratory rate, oxygen saturations, blood pressure, temperature,
perfusion (capillary refill) and neurological assessment (for example the Alert,
Voice, Pain, Unresponsive [AVPU] scale) at least hourly.

1.1.7

Healthcare professionals should be trained in the recognition and management of
meningococcal disease.

1.1.8

Notify a proper officer of the local authority urgently on suspicion of meningitis
or meningococcal septicaemia. This is a legal requirement under the Health
Protection (Notification) Regulations 2010‡§.

1.1.9

Be aware of 'Guidance for Public Health Management of Meningococcal Disease
in the UK' (Health Protection Agency Meningococcus Forum, 2006)**.
**See Health protection legislation guidance 2010

Surveillance decision
This section of the guideline should not be updated.
Editorial corrections are needed for this section:
NICE Guideline Introduction
Paragraph 3 of the introduction in the NICE version of guideline CG102 should be amended
to take account of the introduction of both the MenB vaccine into the schedule in 2015. The
text should be amended to:
The epidemiology of bacterial meningitis in the UK has changed dramatically in the
past two decades following the introduction of vaccines to control Hib, serogroups B
and C meningococcus and some types of pneumococcus.

‡

See Legislation.

§

The Department of Health has issued guidance on health protection legislation which explains the notification requirements. *
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Text to be removed:
As no vaccine is currently licensed against serogroup B meningococcus, this pathogen
is now the most common cause of bacterial meningitis (and septicaemia) in children
and young people aged 3 months or older
Table 1: More specific symptoms/signs
In the note column, a statement may need to be added to the line “Focal neurological deficit
including cranial nerve involvement and abnormal pupils” qualifying the “X” entry for
meningococcal septicaemia. The proposed text is: “Cerebral oedema may occur without
meningitis, and in these circumstances there may be abnormal pupil reactions”. This
additional text should be reviewed by the committee as part of the update.
Table 1 column headings should also be amended to address an overarching ambiguity.
Column 2 (Bacterial meningitis (meningococcal meningitis and meningitis caused by other
bacteria)), in containing meningococcal meningitis, clashes with column 3 (Meningococcal
disease (meningococcal meningitis and/or meningococcal septicaemia) in that where the
entries in the 2 columns are different, the answer for specifically meningococcal meningitis is
unclear. Similarly, when column 3 is compared with column 4 (Meningococcal septicaemia),
differences in entries introduce ambiguity relating to meningococcal septicaemia. The
following suggested structure should be reviewed by the committee as part of the update:

Cross referral to other guidelines
Footnotes 3 and 4 from recommendations 1.1.3 and 1.1.4 should be amended to cross refer
to the updated NICE guideline on fever in under 5s (NICE clinical guideline 160)
Editorial corrections are required to the hyperlinks of footnotes 6 and 7, which direct to the
Health Protection Agency. Footnote 6 should direct to the Health Protection (Notification)
Regulations 2010:
http://www.legislation.gov.uk/uksi/2010/659/contents/made
Recommendation 1.1.19 should state:
Meningococcal disease: guidance on public health management. (March 2018) Public Health
England
in place of:
'Guidance for Public Health Management of Meningococcal Disease in the UK' (Health
Protection Agency Meningococcus Forum, 2006)
and Footnote 7 should direct to Meningococcal disease: guidance on public health
management. This updated guidance includes more recent data on disease epidemiology,
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new immunisation programmes and vaccines, together with updated advice on vaccination of
cases and close contacts. It also covers testing that should be undertaken to monitor vaccine
impact.

Previous surveillance summary
Through the evidence update search 7
systematic reviews(1,2) (3–7) and 1
diagnostic accuracy study(8) relevant to
this section of the guideline were
identified. The studies assessed the clinical
features of serious infections and found
red flag symptoms of diagnostic value that
were in agreement with those identified in
NICE guideline CG102.
Five of the reviews covered the risk of
bacterial meningitis in children presenting
with febrile seizure and meningeal
irritation signs, and the findings were
consistent with NICE guideline CG102.

2018 surveillance summary
A study reporting the outcome of
prospective national population based
surveillance(9) (n=263) of infants aged
under 90 days with bacterial meningitis
found that presentation was non-specific
and nearly half the sample presented
without fever. Temperature instability,
seizures, cerebrospinal fluid (CSF) protein
greater than the median concentration and
pneumococcal meningitis were
independently associated with serious
central nervous system complications,
while prematurity, low birthweight, coma
at presentation and pneumococcal
meningitis were independently associated
with death.

Capillary refill time (CRT)
A systematic review(10) (24 studies; 10
studies on meningitis n=10,205) aimed to
determine the diagnostic value of CRT for
a range of serious outcomes in children,
including meningitis. Compared with the
reference standard of positive CSF culture,
high specificity (ranging from 85% to 95%
was found for meningitis, but a low
sensitivity was observed (ranging from
29% to 83%).
Concomitant urinary tract infection (UTI)
A retrospective cross-sectional study(11)
(n=236) of infants under 31 days old
evaluated the frequency of concomitant
acute bacterial meningitis in neonates with
febrile UTI in the emergency department.
Definite acute bacterial meningitis was
defined as CSF culture with growth of
pathogenic bacteria and probable bacterial
meningitis if pleocytosis with ≥ 20 white
blood cell was present in an antibioticpretreated patient. Frequency of acute
bacterial meningitis in neonates with
febrile UTI was found to be low.

Intelligence gathering
Epidemiology
Topic experts suggested that the
paragraph 3 of the introduction in the
NICE guideline should be updated,
following the introduction of the licensed
MenB vaccine Bexsero into the national
schedule.
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While serogroup B strains are still the most
common cause of invasive meningococcal
disease, other serogroups (in particular W,
Y) are increasing, and vaccine policy has
changed twice since the existing statement
was written: with introduction of both the
MenB vaccine and MenACWY conjugate
vaccine into the schedule in 2015. Data on
the changing epidemiology collected by
Public Health England (PHE) was cited:

circumstances there may be abnormal
pupil reactions.

Invasive meningococcal infections by
epidemiological year and capsular group,
England (1998 and 1999 to 2016 and
2017) (2018).

Impact statement

Cross referral to Public Health England
guidance
Topic experts advised the need to cross
refer to current PHE guidance
Meningococcal disease: guidance on
public health management. (March 2018).
This has been reviewed by the PHE
Vaccine Preventable Invasive Bacterial
Infections Forum. This updated guidance
includes more recent data on disease
epidemiology, new immunisation
programmes and vaccines, together with
updated advice on vaccination of cases
and close contacts. It also covers testing
that should be undertaken to monitor
vaccine impact.
Signs and symptoms
Table 1
Topic experts suggested adding a note to
the line “Focal neurological deficit
including cranial nerve involvement and
abnormal pupils” to qualify the “X” entry
for meningococcal septicaemia. The note
should state that cerebral oedema may
occur without meningitis, and in these

Elevated lactate levels
Topic experts highlighted evidence on the
role of elevated lactate in symptoms, signs
and initial assessment. However the
studies covered children with sepsis which
goes beyond the scope of NICE guideline
CG102.

The previous surveillance evidence was
considered to be consistent with the
guideline recommendation 1.1.1 on signs,
symptoms and initial assessment, which
states that some children and young
people will present with mostly nonspecific symptoms or signs, and the
conditions may be difficult to distinguish
from other less important (viral) infections
presenting in this way.
CRT
The new evidence indicating the limited
value of CRT as a ‘red flag’ sign, due to low
sensitivity, is unlikely to impact on NICE
guideline CG102 Table 1, which states that
CRT is a specific sign for meningococcal
disease and meningococcal septicaemia,
but not known specifically for bacterial
meningitis. The new evidence also
considered CRT in isolation, whereas in
clinical practice a range of factors need to
be considered as part of a comprehensive
assessment.
Concomitant UTI
The new evidence indicating the low
frequency of acute bacterial meningitis
with febrile UTI is consistent with CG102
Table 1, which does not include
concomitant UTI as a common or less
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common non-specific sign. It is also
consistent with recommendation 1.1.1,
which advises awareness that bacterial
meningitis and meningococcal septicaemia
may be difficult to distinguish from other
less important infections presenting with
signs and symptoms listed in Table 1. No
impact is anticipated on an overarching
approach to investigating serious bacterial
infection, until further prospective studies
evaluate the safety of a tiered approach, in

which lumbar puncture potentially could
be avoided in well-appearing neonates
with fever and suspected UTI. NICE’s
guideline on fever in under 5s should be
used in conjunction with NICE guideline
CG102.
New evidence is unlikely to change
guideline recommendations.

Pre-hospital management of suspected bacterial meningitis and
meningococcal septicaemia
Recommendations in this section of the guideline
1.2.1

Primary care healthcare professionals should transfer children and young people
with suspected bacterial meningitis or suspected meningococcal septicaemia to
secondary care as an emergency by telephoning 999.

Suspected bacterial meningitis without non-blanching rash
1.2.2

Transfer children and young people with suspected bacterial meningitis without
non-blanching rash directly to secondary care without giving parenteral
antibiotics.

1.2.3

If urgent transfer to hospital is not possible (for example, in remote locations or
adverse weather conditions), administer antibiotics to children and young people
with suspected bacterial meningitis.

Suspected meningococcal disease (meningitis with non-blanching rash or meningococcal
septicaemia)
1.2.4

Give parenteral antibiotics (intramuscular or intravenous benzylpenicillin) at the
earliest opportunity, either in primary or secondary care, but do not delay urgent
transfer to hospital to give the parenteral antibiotics.

1.2.5

Withhold benzylpenicillin only in children and young people who have a clear
history of anaphylaxis after a previous dose; a history of a rash following penicillin
is not a contraindication

2018 surveillance of Meningitis (bacterial) and meningococcal septicaemia in under 16s: recognition, diagnosis
and management (2010) NICE guideline CG102 – consultation document
18 of 65

Surveillance decision
This section of the guideline should not be updated.

Previous surveillance summary
Through the systematic review and RCT
search, an updated systematic review(12)
was identified relevant to this section of
the guideline. The review assessed the
effectiveness and safety of pre-admission
antibiotics in people of all ages with
suspected meningococcal disease, but
found no eligible RCTs.

2018 surveillance summary
An updated systematic review(13) (1
study, n=510) examined the effectiveness
and safety of pre-admission antibiotics
versus no pre-admission antibiotics or
placebo, and different pre-admission
antibiotic regimens in decreasing mortality,
clinical failure, and morbidity in people
suspected of meningococcal disease
(children and adults over 2 months of age;
under 5 years 33%; 5 to 14 years 57%;
over 15 years 12%). No RCTs were
identified comparing pre-admission
antibiotics versus no pre-admission
antibiotics or placebo. Moderate quality
evidence from one non-inferiority RCT
indicated that single intramuscular
injections of ceftriaxone and long-acting
chloramphenicol were equally effective,

safe, and economical in reducing serious
outcomes. It should be noted that the
study was conducted in a low-income
setting during an epidemic.

Intelligence gathering
No topic expert feedback was relevant to
this section.

Impact statement
The previous surveillance review
concluded that there was an absence of
any RCT evidence to support or refute the
use of pre-hospital antibiotics in children
and young people with suspected
meningitis. As such, no impact on the
guideline was anticipated.
The updated systematic review evidence
identified through the current surveillance
is also unlikely to impact the guideline
recommendations, because of only
moderate quality evidence from a single
RCT in a low-income setting, which had
already been considered in the original
guideline.
New evidence is unlikely to change
guideline recommendations.
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Diagnosis in secondary care
Recommendations in this section of the guideline
1.3.1

Perform a very careful examination for signs of meningitis or septicaemia in
children and young people presenting with petechial rashes (see table 1 above).

Investigation and management in children and young people with petechial rash
1.3.2

Give intravenous ceftriaxone immediately to children and young people with a
petechial rash if any of the following occur at any point during the assessment
(these children are at high-risk of having meningococcal disease):
● petechiae start to spread
● the rash becomes purpuric
● there are signs of bacterial meningitis (see table 1 above)
● there are signs of meningococcal septicaemia (see table 1 above)
● the child or young person appears ill to a healthcare professional.

1.3.3

If a child or young person has an unexplained petechial rash and fever (or history
of fever) carry out the following investigations:
● full blood count
● C-reactive protein (CRP)
● coagulation screen
● blood culture
● whole-blood polymerase chain reaction (PCR) for N meningitidis
● blood glucose
● blood gas.

1.3.4

In a child or young person with an unexplained petechial rash and fever (or
history of fever) but none of the high-risk clinical manifestations (see table 1
above):
● Treat with intravenous ceftriaxone immediately if the CRP and/or white
blood cell count (especially neutrophil count) is raised, as this indicates an
increased risk of having meningococcal disease.
● Be aware that while a normal CRP and normal white blood cell count mean
meningococcal disease is less likely, they do not rule it out. The CRP may be
normal and the white blood cell count normal or low even in severe
meningococcal disease.
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● Assess clinical progress by monitoring vital signs (respiratory rate, heart
rate, blood pressure, conscious level [Glasgow Coma Scale and/or APVU],
temperature), capillary refill time, and oxygen saturations. Carry out
observations at least hourly over the next 4–6 hours.
● If doubt remains, treat with antibiotics and admit to hospital.
1.3.5

If the child or young person is assessed as being at low risk of meningococcal
disease and is discharged after initial observation, advise parents or carers to
return to hospital if the child or young person appears ill to them.

1.3.6

Be aware that in children and young people who present with a non-spreading
petechial rash without fever (or history of fever) who do not appear ill to a
healthcare professional, meningococcal disease is unlikely, especially if the rash
has been present for more than 24 hours. In such cases consider:
● other possible diagnoses
● performing a full blood count and coagulation screen.

Investigation and management in children and young people with suspected bacterial
meningitis
1.3.7

In children and young people with suspected bacterial meningitis, perform a CRP
and white blood cell count:
● If the CRP and/or white blood cell count is raised and there is a nonspecifically abnormal cerebrospinal fluid (CSF) (for example consistent with
viral meningitis), treat as bacterial meningitis.
● Be aware that a normal CRP and white blood cell count does not rule out
bacterial meningitis.
● Regardless of the CRP and white blood cell count, if no CSF is available for
examination or if the CSF findings are uninterpretable, manage as if the
diagnosis of meningitis is confirmed.

Polymerase chain reaction (PCR) tests for bacterial meningitis and meningococcal disease
1.3.8

Perform whole-blood real-time PCR testing (EDTA†† sample) for N meningitidis to
confirm a diagnosis of meningococcal disease.

1.3.9

The PCR blood sample should be taken as soon as possible because early samples
are more likely to be positive.
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1.3.10

Use PCR testing of blood samples from other hospital laboratories if available, to
avoid repeating the test.

1.3.11

Be aware that a negative blood PCR test result for N meningitidis does not rule
out meningococcal disease.

1.3.12

Submit CSF to the laboratory to hold for PCR testing for N meningitidis and S
pneumoniae, but only perform the PCR testing if the CSF culture is negative.

1.3.13

Be aware that CSF samples taken up to 96 hours after admission to hospital may
give useful results.

Skin samples for meningococcal disease
1.3.14

Do not use any of the following techniques when investigating for possible
meningococcal disease: skin scrapings, skin biopsies, petechial or purpuric lesion
aspirates (obtained with a needle and syringe).

Performing lumbar puncture and interpreting CSF parameters for suspected bacterial
meningitis
1.3.15

Perform a lumbar puncture as a primary investigation unless this is
contraindicated.

1.3.16

Do not allow lumbar puncture to delay the administration of parenteral
antibiotics.

1.3.17

CSF examination should include white blood cell count and examination, total
protein and glucose concentrations, Gram stain and microbiological culture. A
corresponding laboratory-determined blood glucose concentration should be
measured.

1.3.18

In children and young people with suspected meningitis or suspected
meningococcal disease, perform a lumbar puncture unless any of the following
contraindications are present:
● signs suggesting raised intracranial pressure
o reduced or fluctuating level of consciousness (Glasgow Coma Scale
score less than 9 or a drop of 3 or more)
o relative bradycardia and hypertension
o focal neurological signs
o abnormal posture or posturing
o unequal, dilated or poorly responsive pupils
o papilloedema
o abnormal 'doll's eye' movements
● shock (see table 1 above)
● extensive or spreading purpura
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● after convulsions until stabilised
● coagulation abnormalities
o coagulation results (if obtained) outside the normal range
o platelet count below 100 x 109/litre
o receiving anticoagulant therapy
● local superficial infection at the lumbar puncture site
● respiratory insufficiency (lumbar puncture is considered to have a high risk
of precipitating respiratory failure in the presence of respiratory
insufficiency).
1.3.19

In children and young people with suspected bacterial meningitis, if
contraindications to lumbar puncture exist at presentation consider delaying
lumbar puncture until there are no longer contraindications. Delayed lumbar
puncture is especially worthwhile if there is diagnostic uncertainty or
unsatisfactory clinical progress.

1.3.20

CSF white blood cell counts, total protein and glucose concentrations should be
made available within 4 hours to support the decision regarding adjunctive
steroid therapy.

1.3.21

Start antibiotic treatment for bacterial meningitis if the CSF white blood cell
count is abnormal:
● in neonates at least 20 cells/microlitre (be aware that even if fewer than 20
cells/microlitre, bacterial meningitis should still be considered if other
symptoms and signs are present – see table 1 above)
● in older children and young people more than 5 cells/microlitre or more
than 1 neutrophil/microlitre, regardless of other CSF variables.

1.3.22

In children and young people with suspected bacterial meningitis, consider
alternative diagnoses if the child or young person is significantly ill and has CSF
variables within the accepted normal ranges.

1.3.23

Consider herpes simplex encephalitis as an alternative diagnosis.

1.3.24

If CSF white cell count is increased and there is a history suggesting a risk of
tuberculous meningitis, evaluate for the diagnosis of tuberculous meningitis in
line with Tuberculosis: clinical diagnosis and management of tuberculosis, and
measures for its prevention and control (NICE clinical guideline 33).

1.3.25

Perform a repeat lumbar puncture in neonates with:
● persistent or re-emergent fever
● deterioration in clinical condition
● new clinical findings (especially neurological findings) or
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● persistently abnormal inflammatory markers.
1.3.26

Do not perform a repeat lumbar puncture in neonates:
● who are receiving the antibiotic treatment appropriate to the causative
organism and are making a good clinical recovery
● before stopping antibiotic therapy if they are clinically well.

Cranial computed tomography in suspected bacterial meningitis
1.3.27

Use clinical assessment and not cranial computed tomography (CT), to decide
whether it is safe to perform a lumbar puncture. CT is unreliable for identifying
raised intracranial pressure.

1.3.28

If a CT scan has been performed, do not perform a lumbar puncture if the CT
scan shows radiological evidence of raised intracranial pressure.

1.3.29

In children and young people with a reduced or fluctuating level of consciousness
(Glasgow Coma Scale score less than 9 or a drop of 3 or more) or with focal
neurological signs, perform a CT scan to detect alternative intracranial pathology.

1.3.30

Do not delay treatment to undertake a CT scan.

1.3.31

Clinically stabilise children and young people before CT scanning.

1.3.32

If performing a CT scan consult an anaesthetist, paediatrician or intensivist.

Surveillance decision
This section of the guideline should be updated.
An editorial correction is needed for this section:
Cross referral to NICE guideline on Tuberculosis
Recommendation 1.3.24 should be amended to cross refer to the updated NICE guideline on
tuberculosis (NICE clinical guideline NG33). The guideline number and hyperlink should be
amended.

Previous surveillance summary
Through the previous surveillance
literature search, 1 systematic review(15),
1 predictive model(16) and 1 validation
study(17) were identified. These covered
diagnostic value of laboratory tests in
identifying serious infections (not just

meningitis) in febrile children, and the
validation of 2 clinical decision rules for
distinguishing between bacterial and
aseptic meningitis in children in the
paediatric emergency room or intensive
care setting.
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A further 3 systematic reviews(18–20) and
an observational study(21) were identified.
These evaluated the predictive value of
neutrophil CD64 in diagnosing neonatal
infection, clinical prediction rules for
children under 18 years with suspected
bacterial meningitis, and the bacterial
meningitis score in diagnosing meningitis
in children with CSF pleocytosis.
A further systematic review(22) of 5
studies found that MRI had poor
sensitivity for diagnosing bacterial
meningitis in adult and child populations
and, because of a lack of data specific to
child age groups, should not be
recommended.

2018 surveillance summary
CSF and Serum parameters
A prospective cross-sectional study(23)
(n=50) aimed to evaluate CSF parameters
(ferritin, procalcitonin [PCT], absolute
neutrophil count [ANC], white blood cell
count, and lactate) and serum parameters
(PCT, ferritin, C-reactive protein [CRP],
and erythrocyte sedimentation rate) in
differentiating bacterial meningitis from
viral meningitis in children. Concentrations
of all markers were significantly different
between bacterial and viral meningitis,
except for serum and CSF PCT. The best
rates of area under the receiver operating
characteristic curve were achieved by
lactate and serum-CRP. The best negative
predictive values for bacterial meningitis
were attained by ANC and lactate.
A single centre study(24) (n=757)
investigated whether inflammatory
markers - CRP and immature-to-total
neutrophil ratio (ITR) - were predictive of
meningitis or significant CSF pleocytosis

and useful in guiding the decision to
perform a lumbar puncture in infants
under 6 months old. CRP and ITR
performed poorly in identifying infants
with confirmed or probable meningitis. The
area under receiver operating
characteristic curve for culture-positive
and probable culture-negative meningitis
was 0.43 for CRP (95% confidence interval
0.36 to 0.51) and 0.58 for ITR (0.51to
0.65). At a CRP threshold of 30 mg/L,
there was a positive likelihood ratio (LR) of
0.77 and a negative LR of 1.44.
A prospective cross-sectional study(25)
(n=57) found that the CSF of children with
bacterial meningitis contained higher levels
of inflammatory mediators including PCT,
ferritin, and CRP, compared to aseptic
meningitis. The biomarkers provided high
sensitivity (especially PCT) and specificity
(especially CRP) for diagnosis of bacterial
meningitis.
A sub-study(26) (n=2,362) of a prospective
registry analysed the prevalence and
microbiology of bacterial meningitis in
infants younger than 90 days with fever
without a source (FWS) and its prevalence
in relation to clinical and laboratory risk
factors. Bacteria isolated were
Streptococcus agalactiae, Escherichia coli,
Listeria monocytogenes, S pneumoniae and
N meningitidis. None of the 1975 wellappearing infants over 21 days old were
diagnosed with bacterial meningitis,
regardless of whether biomarkers were
altered. The results indicated the potential
value of performing CSF analysis in not
well-appearing infants and in those under
22 days old with FWS, for ruling out
bacterial meningitis.
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CSF cytokines
A total of 5 studies(27–31), 2 of which
were prospective cohort studies, assessed
the diagnostic value of CSF cytokines in
suspected meningitis in children, based on
the reference standard of leukocyte count
and bacterial identification by culture. The
findings indicated that:
● CSF cytokines interleukin (IL) 1 (IL-1),
IL-6, IL-8, IL-10, and IL-12 showed
diagnostic accuracy for bacterial
meningitis
● CSF IL-6 concentration was able to
differentiate aseptic and bacterial
meningitis
● interleukin (IL)-6 and IL-10, CSF/blood
IL-6 and IL-10 ratios, CSF white blood
cell count, and CSF micro total protein
were significantly elevated in bacterial
meningitis patients, with CSF IL-6 levels
dropping significantly after meningitis
treatment.

positive blood culture for a bacterial
pathogen. Children with bacterial
meningitis had a higher median CSF lactate
level than aseptic meningitis. A CSF lactate
cut-off point of 3.0 mmol/l was found to
be optimal to distinguish between bacterial
and aseptic meningitis.
Polymerase chain reaction testing
A retrospective study(33) (n=893 blood
samples, n=859 CSF samples) compared
real-time Polymerase chain reaction (PCR)
assay, with bacterial culture as the
reference standard, for the diagnosis of
late-onset group B Streptococcal (GBS)
disease. The results showed that detection
of GBS by PCR had diagnostic value for
CSF samples from infants aged 7-90 days
with suspected meningitis, but that
analysis of blood samples by PCR was of
limited value. When compared to culture,
the sensitivity of blood PCR was 65%
(13/20) in comparison to the CSF PCR test
which was 100% (5/5).

● IL-23, IL-18 and soluble receptor for
advanced glycation end products
(sRAGE) levels in CSF were significantly
elevated in infants with culture proven
meningitis. Among individual markers,
IL-23 possessed the greatest accuracy
for diagnosis of bacterial meningitis
(area under the curve (AUC) 0.9698).
The combination of all 3 markers had an
AUC of 1.

A retrospective diagnostic accuracy
study(34) (n=1,561) evaluated
Streptococcus pneumoniae real-time PCR
assay compared with standard blood
culture for the diagnosis of pneumococcal
bacteraemia in children under 16 years.
The PCR assay demonstrated high
specificity but the sensitivity was low
compared with that of blood culture.

Lactate level

that PCR testing of CSF samples for S.
pneumoniae had higher sensitivity and
specificity than culture. PCR was
particularly useful in detecting those cases
where culture was negative, perhaps
relating to pre-CSF sampling
administration of antimicrobials.

A single centre retrospective cohort
study(32) (n=451) evaluated the ability of
CSF lactate to distinguish between
children with bacterial and aseptic
meningitis. The reference standard for
bacterial meningitis was either a positive
CSF culture or CSF pleocytosis with a

A retrospective study(35) (n=2,025) found
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A study(36) (n=132) assessed the
diagnostic accuracy of a duplex real-time
(RT) PCR assay for detection of N
meningitidis and S pneumoniae in CSF for
meningitis diagnosis. The gold standard for
routine tests of CSF analysis was direct
examination, culture, and/or latex
agglutination. It was found to be a
sensitive, and specific method to rapidly
diagnose bacterial meningitis. The
sensitivity of RT-PCR was 100% (95%
confidence limits [CI] = 82.4-100) for N.
meningitidis and 100% (95% CI = 85.1-100)
for S pneumoniae. Specificity was the same
(100%) for the bacteria (95% CI = 88.6100).
Blood cell count parameters
A prospective observational cohort
study(37) (n=4,313) estimated the
accuracy of individual complete blood cell
count parameters to identify febrile infants
with invasive bacterial infections (IBIs).
These included white blood cell count,
ANC, and platelet count. Febrile,
previously healthy, full-term infants
younger than 60 days were included, for
whom blood cultures were obtained as a
reference standard. None of the tested
complete blood cell count parameters
identified febrile infants 60 days or
younger with IBIs with high accuracy.
Procalcitonin
A total of 2 systematic reviews(38,39), 3
prospective studies(25,40,41) and 1
retrospective study(42) examined
diagnostic accuracy of procalcitonin (PCT)
for bacterial meningitis.
One systematic review (38) (8 studies
n=616 paediatric patients) aimed to
determine the PCT diagnostic accuracy in
differentiating between bacterial and viral

aetiologies in children with suspected
meningitis. Serum PCT assay was found to
be very accurate for differentiating the
aetiology of paediatric meningitis, with
pooled sensitivity and specificity of 0.96
(95% CI 0.92 to 0.98) and 0.89 (95% CI
0.86 to 0.92). In 6 studies, PCT was found
to have a superior diagnostic odds ratio to
CRP.
Another systematic review(39) (6 studies,
n=881) assessed whether the PCT test
was a cost effective adjunct for prodromal
meningococcal disease in children
presenting in emergency departments with
fever without source. A decision analytic
model was designed to reflect realistic
clinical pathways for a child presenting
with fever without source by comparing 2
diagnostic strategies: standard testing
using combined CRP and white cell count
tests compared to standard testing plus
PCT test. The costs of each of the 4
diagnosis groups (true positive, false
negative, true negative and false positive)
were assessed from a National Health
Service payer perspective. The PCT test
was more accurate in terms of sensitivity
and specificity for early meningococcal
disease compared to standard testing
alone. It was also more cost effective
measured by the incremental cost
effectiveness ratio for the base case per
correctly treated patient (£8,137.25).
Additionally, 3 prospective studies and 1
retrospective study found that:
● PCT measurement was found to have
diagnostic accuracy similar to the
established CSF markers(25)(40).
● Among neonates with traumatic lumbar
puncture, the median CSF PCT was
significantly higher in neonates with
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bacterial meningitis than those without
bacterial meningitis(40).
● Serum PCT was a potential predicting
factor for prognosis (measured by
mortality during hospitalisation) in
patients with bacterial meningitis(42).
● CSF PCT had higher diagnostic accuracy
than CSF culture, most likely due to
antibiotic pretreatment causing high
false negative rates of CSF culture(41).
Risk scores
A retrospective cohort study(43) (n=82) of
febrile infants aged 60 days or younger
assessed the sensitivity of the Rochester
criteria for detection of IBIs, specifically
bacteraemia and bacterial meningitis. The
sensitivity of the Rochester criteria were
92.7% overall, 91.7% for neonates 28 days
or younger, and 94.1% for infants aged 29
to 60 days old.
A study(44) (n=345) evaluated the
Bacterial Meningitis Score (BMS) on its
own and in association with CSF lactate
dosage in order to distinguish bacterial
from aseptic meningitis. A 2 point BMS in
association with CSF lactate dosage had
the same sensitivity and negative
predictive value, but with increased
specificity, for diagnosis of bacterial
meningitis when compared with 1-point
BMS.
Step-by-Step diagnostic approach
A prospective validation study (45)
(n=2,185) examined a sequential
diagnostic approach (Step-by-Step) to
assess risk of IBI among young febrile
infants on the basis of clinical and
laboratory parameters, including
procalcitonin. Sensitivity and negative
predictive value for ruling out an IBI were

superior for the Step-by-Step approach than
the comparator approaches, the Rochester
criteria, and the Lab-score. Sensitivity and
negative predictive value for ruling out an
invasive bacterial infection were 92.0% and
99.3% for the Step-by-Step, 81.6% and
98.3% for the Rochester criteria, and 59.8%
and 98.1% for the Lab-score.

Diagnostic algorithms
A retrospective cohort study(46) was
identified in which investigators compared
2 algorithms for examining children with
non-blanching rash (NICE algorithm versus
the Newcastle-Birmingham-Liverpool
algorithm). The study included 625
children, of whom 145 had confirmed or
probable meningococcal disease (MCD).
MCD was defined as confirmed if there
were positive cultures or PCR for N
meningitidis in blood or CSF, or there were
skin scrapings positive for meningococcus
(the latter was performed at one centre
only). Patients who presented unwell with
obvious clinical features of MCD, but who
were culture-negative and/or PCRnegative, were defined as probable cases
of MCD. The NICE algorithm suggested
that 61% (n=382) of children should have
received antibiotics. This included 141 of
the 145 children with meningococcal
disease. As a result the sensitivity of the
NICE algorithm was 97% and the
specificity was 50%. The NewcastleBirmingham-Liverpool algorithm identified
all children with meningococcal disease
and suggested treatment for a further 86
children. The sensitivity of the algorithm
was 100% and specificity was 82%.
Line probe assay (LPA)
A prospective cohort study(47) (n=1,460)
compared the diagnostic performance of
the LPA with conventional multiplex PCR
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for S. pneumoniae as well as real-time PCR
for N meningitidis and Haemophilus
influenzae type b in CSF samples from
children. The results indicated potential
value of the assay but that improvements
in sensitivity would be necessary to detect
common bacterial meningitis pathogens in
CSF samples. The specificity of the LPA for
all of the pathogens was 88% (95% CI: 85–
91%), when using the standard PCR as a
reference. The sensitivity of the LPA was
76% (95% CI: 70–82%).
Loop-mediated isothermal amplification
(LAMP) assay
A prospective population based
surveillance study(48) (n=1,574) evaluated
a LAMP method that targets the ctrA
gene, and its ability to detect N meningitidis
in CSF a mong children. The LAMP method
was compared to PCR for diagnostic
accuracy. The primer specificity was
validated using 16 strains of N meningitidis
and 19 non-N meningitidis species. The
LAMP method was shown to be more
sensitive than PCR methods for CSF
samples. The clinical sensitivity, specificity,
positive predictive value, and negative
predictive value of the LAMP assay were
100%, 99.6%, 80.6%, and 100%,
respectively.
A further cohort study(49) (n=148) aimed
to assess the diagnostic accuracy of
meningococcal LAMP as a near-patient
test in the emergency department, among
children aged 0-13. Respiratory
(nasopharyngeal swab) and blood
specimens were collected from patients
and tested with near-patient
meningococcal LAMP and the results were
compared with those obtained by
reference laboratory tests (culture and

PCR of blood and CSF). Combined testing
of respiratory and blood specimens with
use of LAMP was accurate and had
diagnostic value. Combined testing of
respiratory and blood specimens with use
of LAMP had sensitivity 89% (95% CI 72–
96), specificity 100% (97–100), positive
predictive value 100% (85–100); negative
predictive value 98% (93–99); a positive
LR 213 [95% CI 13–infinity] and negative
LR 0·11 [0·04–0·32]).
Immunochromatography
Spinal ultrasound (US)
A prospective study(50) (n=120) assessed
accuracy of spinal ultrasound (US) in
diagnosis of meningitis in infants younger
than 6 months with clinical suspicion of
meningitis who presented to an
emergency unit. US of thoraco-lumbar
spine was performed prior to lumbar
puncture in all cases, across study and
control groups. The results of spinal US
were evaluated in correlation with CSF
analysis. Results showed a statistically
significant association between infants
with meningitis and positive US findings
for CSF debris, septations and decreased
spinal cord pulsations.
Differential fatty acid analysis
A study(51) (n=81) aimed to determine
whether meningitis is associated with fatty
acids in CSF among children between 3
months and 6 years of age. Samples were
analysed for fatty acid profile by gas-liquid
chromatography. Children with purulent
meningitis demonstrated significantly
higher percentages of oleic acid and lower
percentages of omega-3 polyunsaturated
fatty acids than aseptic meningitis and
non-meningitis groups did. Moreover,
significantly lower omega-3 fatty acids and
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higher ratio of n-6/n-3 were found in
patients with purulent meningitis with
sepsis than in those with meningitis and no
sepsis.
Mass spectrometry
A single centre observational study(52)
(n=44) assessed the potential of matrixassisted laser desorption/ionisation timeof-flight mass spectrometry (MALDI-TOFMS) in rapid identification of bacteria from
smear-positive CSF. Samples of CSF that
had a positive CSF Gram stain were
directly examined by MALDI-TOF-MS.
Identification was considered accurate
when identical to the CSF culture or PCR
results (species and genus level). MALDITOF-MS was found to have diagnostic
value in the rapid identification of Gramnegative rods directly from smear-positive
CSF samples in post-neurosurgical
bacterial meningitis, but not of Grampositive bacteria for community acquired
bacterial meningitis.

and inflammatory diseases, bacterial
infection was identified with a sensitivity
of 91.7% (95% CI, 79.2%-100%) and
90.0% (95% CI, 70.0%-100%), respectively,
and with specificity of 96.0% (95% CI,
88.0%-100%) and 95.8% (95% CI, 89.6%100%).
A prospective study(54) (n=1,883)
assessed whether RNA biosignatures can
distinguish febrile infants aged 60 days or
younger with and without serious bacterial
infections. RNA biosignatures were
compared with cultures for discriminating
febrile infants with and without bacterial
infections, and infants with bacteraemia
from those without bacterial infections.
Sixty-six classifier genes were identified
that distinguished infants with and without
bacterial infections in the test set with
high diagnostic accuracy. Ten classifier
genes distinguished infants with
bacteraemia from those without bacterial
infections in the test set.

Ribonucleic acid expression

Age-specific reference values

A prospective diagnostic test accuracy

A multicentre, cross-sectional study(14)
(n=7,766) aimed to determine age-specific
reference values and quantify age-related
changes for CSF white blood cell (WBC)
counts and protein and glucose
concentrations in infants 60 days or
younger. Reference standards were
determined for infants under 29 days of
age and for those 29 to 60 days of age by
using the third quartile +1.5 interquartile
range for WBC and protein and the first
quartile -1.5 interquartile range for
glucose. CSF WBC counts and protein
concentrations were higher in infants
under 29 days of age than in infants 29 to
60 days of age. CSF protein concentrations
were higher in infants under 29 days of
age than in infants 29 to 60 days of age.

study(53) aimed to identify a blood
Ribonucleic acid (RNA) expression
signature that distinguishes bacterial from
viral infection in febrile children. RNA
expression signatures distinguishing
definite bacterial from viral infection were
identified in the discovery group (n=240)
and diagnostic performance assessed in
the validation group (n=130). Additional
validation was undertaken in separate
studies of children with meningococcal
disease. Analysis of RNA expression data
identified a 38-transcript signature
distinguishing bacterial from viral infection.
When applied to additional validation
datasets from patients with meningococcal
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CSF glucose concentrations were lower in
infants under 29 days of age than in
infants 29 to 60 days of age.

Intelligence gathering
Overlap with other guidelines
Topic experts advised that NICE’s
guideline on Sepsis: recognition, diagnosis
and early management appears to be more
sensitive for septicaemia but much less
specific (many ‘false positives’) resulting in
a potential mismatch between this
guideline and CG102. NG51 identifies so
many cases that children with a potentially
severe infection (including those who may
be identified early by CG102) may get
overlooked in the numbers of children who
will be screened by NG51.
However, additional expert advice
emphasised that NICE guideline NG51
already cross-refers to NICE guideline
CG102 on antibiotics, lumbar puncture
and follow-up. It was not considered
practical to merge the guidelines due to
several other overlapping guidelines and
differing scopes. Therefore, experts
advised a general cross referral from NICE
guideline CG102 to NICE guideline NG51,
to ensure the recommendations are
followed for each specific population.
Age-specific reference values
Topic expert feedback indicated that up to
date reference values have been published
by PHE guidance and should be
considered for cross reference:
UK Standards for Microbiology
Investigation of Cerebrospinal Fluid (June
2017)

Diagnostic impact of vaccination
Topic experts advised that changes in
epidemiology and diagnosis after
introduction of the MenB vaccine for all
infants in 2015 need to be considered in
surveillance. No studies were cited, but
new PHE guidelines were cited for
potential cross referral:
Meningococcal disease: guidance on public
health management. (March 2018) Public
Health England
UK Standards for Microbiology
Investigation of Cerebrospinal Fluid (June
2017) Public Health England
Meningococcal: the green book, chapter
22 (September 2016) Public Health
England

Diagnostic algorithms
Topic experts highlighted that there are
new algorithms available for identifying
meningococcal disease. Experts
highlighted a retrospective study(46) in
which investigators compared 2 algorithms
for examining children with non-blanching
rash (NICE algorithm versus the
Newcastle-Birmingham-Liverpool
algorithm). The study is included in the
evidence summary.
Comorbid Febrile Urinary tract infection
A study(11) was cited relating to
concomitant UTI and bacterial meningitis,
which is included in the evidence
summary.
Misdiagnosis
Topic experts advised that with the rise in
Meningococcal Group W cases, there have
been misdiagnoses where young people
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have presented with a gastroenteritis
picture which has not been recognised as
meningococcal sepsis. It was considered
important to add a section to the guideline
alluding to this, but no studies were cited.

Evidence suggested that PCT was also
more cost effective than standard testing
alone, measured by the incremental cost
effectiveness ratio for the base case per
correctly treated patient.

Risk models

Risk scores and diagnostic algorithms

Step-by-Step diagnostic approach

New evidence and topic expert feedback
indicates that the Step-by-Step sequential
diagnostic approach has potential
diagnostic accuracy for bacterial
meningitis. However, the sensitivity was
not 100% and the approach may require
further validation in the diagnosis of
meningococcal disease, to establish an
impact on the guideline.

Topic expert feedback highlighted the
potential value of the Step-by-Step
sequential diagnostic approach. A
prospective validation study(45) was cited
and is included in the evidence summary.

Impact statement
PCT testing
The new systematic review and
observational study evidence indicates the
benefit of both serum and CSF PCT in the
diagnosis of bacterial meningitis, including
differential diagnosis between bacterial
meningitis and viral meningitis. NICE
guideline CG102 did not identify any
evidence that examined the diagnostic
accuracy of PCT for differentiating
bacterial meningitis from other infections.
The committee concluded that CRP, PCT
and WBC counts have insufficient
sensitivity and specificity to differentiate
bacterial meningitis from other illnesses.
Although none of the tests allow bacterial
meningitis to be ruled out, the committee
felt that they were considered useful to
add to other variables when making the
decision about the management of
suspected bacterial meningitis. The new
evidence strengthens the evidence base
for including PCT alongside other variables
in diagnosis in secondary care. There is
therefore a potential impact on
recommendation 1.3.7 to include PCT
testing.

New evidence and topic expert feedback
supports the use of the NewcastleBirmingham-Liverpool algorithm for
examining children with non-blanching
rash, as a potentially superior algorithm to
the current NICE algorithm for examining
children with non-blanching rash. The
NICE algorithm cuts across sections 1.1,
1.2 and 1.3 of the guideline in using the
signs and symptoms presented in Table 1
to inform pre-hospital assessment and
initial diagnostic assessment
(recommendations 1.3.1-1.3.4) of children
with a petechial rash.
However, no impact on the guideline is
anticipated until further validation of the
Newcastle-Birmingham-Liverpool
algorithm is conducted in a low incidence
setting, since the retrospective cohorts
were collated when incidence was high,
prior to national vaccination. The new
evidence was further limited by its
retrospective design for the majority of
patients.
There is some evidence to support the use
of the BMS in distinguishing between
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bacterial and aseptic meningitis, although
the totality of systematic review evidence
remains inconclusive and further research
may be necessary before this tool can be
incorporated into CG102
recommendations for diagnosis in
secondary care.
Age-specific reference values
Topic expert feedback and new evidence
indicates that up to date reference values,
including those published by PHE
guidance, are available and that the
existing normal ranges of CSF parameters
cited in the guideline should be reviewed.
There is a potential impact to review
section 5.5 of the full guideline, specifically
the text concerning normal ranges for CSF
variables. The normal CSF values
presented in CG102 section 5.5 reflect
those presented for the adult population
for total protein concentration and to
children >1 and adults for glucose
concentration.
The following existing cited evidence
(reference 76 p90) for normal values
should be reviewed:
● 76. Fisher RA. Cerebrospinal fluid in
diseases of the central nervous
system. 2nd ed. Philadelphia:
Saunders; 1992.
Additional new evidence(14) should also
be considered in a review of this section,
to incorporate age-specific values
including neonates.
The new evidence may also address the
following research recommendation, which
should also be reviewed:

Blood cell count parameters
The new evidence indicating low accuracy
of individual blood cell count parameters is
consistent with NICE guideline CG102
recommendations, which do not advise
blood cell count in isolation but in
combination with other investigations as
part of a comprehensive assessment.
Recommendations 1.3.4 and 1.3.7 also
advise awareness that a normal CRP and
WBC count does not rule out bacterial
meningitis.
PCR testing
The new evidence relating to PCR testing
for meningitis is largely consistent with
recommendations 1.3.8-1.3.13, which
advise blood PCR testing for N
meningitides to confirm a diagnosis of
meningococcal disease, and CSF PCR
testing for N meningitidis and S pneumoniae
if the CSF culture is negative. PCR testing
is advised as part of a range of
investigations, rather than in isolation. The
small study supporting the use of SYBR
Green based RT-PCR is unlikely to impact
on the guideline until the findings are
substantiated by further larger studies.
CRP testing
The new evidence identified on the
diagnostic accuracy of CRP were
conflicting and are unlikely to impact on
NICE guideline CG102 recommendation
1.3.3 which advises CRP investigation as
part of a range of other investigations,
including blood culture, to confirm
diagnosis. Recommendation 1.3.7 advises
that a normal CRP and WBC count does
not rule out bacterial meningitis.

What are the normal ranges for blood and
CSF parameters in children and young
people in the UK?
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Biomarkers

Additional tests

The new evidence on the following
biomarkers shows potential diagnostic
value, but no impact on the guideline is
anticipated until the findings are
substantiated by further prospective larger
studies in UK settings:

No impact is anticipated on the guideline
for the following tests, due to small sample
sizes or indirect populations of the studies;
or the need for improved sensitivity and
validation of the test:
● Differential fatty acid analysis using
gas-liquid chromatography

● CSF cytokines (IL-1, IL-6, IL-8, IL-10, IL12, IL-18 and IL-23) for diagnosis and
decision making about treatment for
culture-negative meningitis

● Spinal ultrasound

● IL-6 for differential diagnosis

● Line probe assay (requiring improved

● sRAGE levels in CSF, alone and in
combination with IL-18 and IL-23
● Lactate level in distinguishing bacterial
and aseptic meningitis.
● Genetic tests, including blood RNA
expression signature, neutrophil CD64
expression and single-nucleotide CFH
polymorphisms.

● Mass spectrometry (MALDI-TOF-MS)
sensitivity to detect common bacterial
meningitis pathogens in CSF samples.)
● LAMP assay (requiring larger
prospective studies for validation)
New evidence identified that may change
current recommendations.

Management in secondary care
Recommendations in this section of the guideline
Antibiotics for suspected bacterial meningitis or meningococcal disease
1.4.1

Treat children and young people aged 3 months or older with suspected bacterial
meningitis without delay using intravenous ceftriaxone.

1.4.2

Treat children younger than 3 months with suspected bacterial meningitis
without delay using intravenous cefotaxime plus either amoxicillin or ampicillin.

1.4.3

Treat suspected meningococcal disease without delay using intravenous
ceftriaxone.

1.4.4

Treat children and young people with suspected bacterial meningitis who have
recently travelled outside the UK or have had prolonged or multiple exposure to
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antibiotics (within the past 3 months) with vancomycin in addition to the above
antibiotics.
1.4.5

Where ceftriaxone is used, do not administer it at the same time as calciumcontaining infusions. Instead, use cefotaxime‡‡.

1.4.6

In children younger than 3 months, ceftriaxone may be used as an alternative to
cefotaxime (with or without ampicillin or amoxicillin), but be aware that
ceftriaxone should not be used in premature babies or in babies with jaundice,
hypoalbuminaemia or acidosis as it may exacerbate hyperbilirubinaemia.

1.4.7

If tuberculous meningitis is part of the differential diagnosis use antibiotic
treatment appropriate for tuberculous meningitis in line with Tuberculosis (NICE
clinical guideline 33) (replaced by Tuberculosis[NICE clinical guideline 117]).

1.4.8

If herpes simplex meningoencephalitis is part of the differential diagnosis give
appropriate antiviral treatment.

Treatment for specific infections in confirmed bacterial meningitis
Children and young people aged 3 months or older
1.4.9

Treat H influenzae type b meningitis with intravenous ceftriaxone for 10 days in
total unless directed otherwise by the results of antibiotic sensitivities.

1.4.10

Treat S pneumoniae meningitis with intravenous ceftriaxone for 14 days in total
unless directed otherwise by the results of antibiotic sensitivities.

Children younger than 3 months
1.4.11

Treat Group B streptococcal meningitis with intravenous cefotaxime for at least
14 days. If the clinical course is complicated§§ consider extending the duration of
treatment and consulting an expert in paediatric infectious diseases.

1.4.12

Treat bacterial meningitis due to L monocytogenes with intravenous amoxicillin or
ampicillin for 21 days in total, plus gentamicin for at least the first 7 days.

1.4.13

Treat bacterial meningitis due to Gram-negative bacilli with intravenous
cefotaxime for at least 21 days unless directed otherwise by the results of
antibiotic sensitivities. If the clinical course is complicated[10]consider extending
the duration of treatment and consulting an expert in paediatric infectious
diseases.

Treatment of unconfirmed bacterial meningitis
1.4.14

In children and young people aged 3 months or older with unconfirmed,
uncomplicated but clinically suspected bacterial meningitis, treat with intravenous

‡‡

Healthcare products Regulatory Agency (2009) Drug Safety Update: Vol. 3 Issue 3.
For example, if there is poor response to antibiotic therapy, effusion or abscess, or concomitant intraventricular haemorrhage
in a premature baby.
§§
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ceftriaxone for at least 10 days depending on symptoms and signs and course of
the illness.
1.4.15

In children younger than 3 months with unconfirmed but clinically suspected
bacterial meningitis, treat with cefotaxime plus either ampicillin or amoxicillin for
at least 14 days. If the clinical course is complicated[10], consider extending the
duration of treatment and consulting an expert in paediatric infectious diseases.

Meningococcal disease
1.4.16

In children and young people with confirmed meningococcal disease, treat with
intravenous ceftriaxone for 7 days in total unless directed otherwise by the
results of antibiotic sensitivities.

1.4.17

In children and young people with unconfirmed but clinically suspected
meningococcal disease, treat with intravenous ceftriaxone for 7 days in total.

Other aspects of management in bacterial meningitis and meningococcal septicaemia
Metabolic disturbances
1.4.18

In children and young people with suspected or confirmed meningococcal
septicaemia, anticipate, monitor and correct the following metabolic disturbances
using local or national protocols:



hypoglycaemia



acidosis



hypokalaemia



hypocalcaemia



hypomagnesaemia



anaemia



coagulopathy.

Seizures
1.4.19

Use local or national protocols for management of seizures in children and young
people with suspected bacterial meningitis or meningococcal septicaemia.

Raised intracranial pressure
1.4.20

Use local or national protocols to treat raised intracranial pressure.

Fluid management in suspected or confirmed bacterial meningitis
1.4.21

Assess for all of the following:
● signs of shock (see table 1 above)
● raised intracranial pressure
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● signs of dehydration.
Refer to Diarrhoea and vomiting in children (NICE clinical guideline 84) for assessment of
shock and dehydration.
1.4.22

If present, correct dehydration using enteral fluids or feeds, or intravenous
isotonic fluids (for example, sodium chloride 0.9% with glucose 5% or sodium
chloride 0.9% with dextrose 5%).

1.4.23

Do not restrict fluids unless there is evidence of:
● raised intracranial pressure, or
● increased antidiuretic hormone secretion***.

1.4.24

Give full-volume maintenance fluids to avoid hypoglycaemia and maintain
electrolyte balance.

1.4.25

Use enteral feeds as maintenance fluid if tolerated.

1.4.26

If intravenous maintenance fluid is required, use isotonic fluids (for example,
sodium chloride 0.9% with glucose 5% or sodium chloride 0.9% with dextrose
5%). In neonates, use glucose 10% and added sodium chloride for maintenance.

1.4.27

Monitor fluid administration and urine output to ensure adequate hydration and
avoid overhydration.

1.4.28

Monitor electrolytes and blood glucose regularly (at least daily while the child or
young person is receiving intravenous fluids).

1.4.29

If there are signs of raised intracranial pressure or evidence of shock, initiate
emergency management for these conditions and discuss ongoing fluid
management with a paediatric intensivist.

Intravenous fluid resuscitation in meningococcal septicaemia
1.4.30

In children and young people with suspected or confirmed meningococcal
septicaemia:
● If there are signs of shock, give an immediate fluid bolus of 20 ml/kg
sodium chloride 0.9% over 5–10 minutes. Give the fluid intravenously or via
an intraosseous route and reassess the child or young person immediately
afterwards.
● If the signs of shock persist, immediately give a second bolus of 20 ml/kg of
intravenous or intraosseous sodium chloride 0.9% or human albumin 4.5%
solution over 5–10 minutes.

See National Patient Safety Agency (2007) Patient safety alert 22: Reducing the risk of hyponatraemia when administering
intravenous infusions to children.
***
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● If the signs of shock still persist after the first 40 ml/kg:
– immediately give a third bolus of 20 ml/kg of intravenous or
intraosseous sodium chloride 0.9% or human albumin 4.5% solution over
5–10 minutes
– call for anaesthetic assistance for urgent tracheal intubation and
mechanical ventilation
– start treatment with vasoactive drugs
– be aware that some children and young people may require large
volumes of fluid over a short period of time to restore their circulating
volume
– consider giving further fluid boluses at 20 ml/kg of intravenous or
intraosseous sodium chloride 0.9% or human albumin 4.5% solution over
5–10 minutes based on clinical signs and appropriate laboratory
investigations including urea and electrolytes
● discuss further management with a paediatric intensivist.
Vasoactive therapy for shock in meningococcal septicaemia
1.4.31

If shock persists despite fluid resuscitation (more than 40 ml/kg) and treatment
with either intravenous adrenaline or intravenous noradrenaline, or both,
consider potential reasons (such as persistent acidosis, incorrect dilution,
extravasation) and discuss further management options with a paediatric
intensivist.

1.4.32

Use local or national protocols for the administration of vasoactive agents in
children and young people with suspected or confirmed bacterial meningitis or
meningococcal septicaemia.

Respiratory support in children and young people with suspected or confirmed bacterial
meningitis or meningococcal septicaemia
1.4.33

In self-ventilating children and young people with signs of respiratory distress,
administer 15-litre face mask oxygen via a reservoir rebreathing mask.

1.4.34

If there is a threatened loss of airway patency, implement airway-opening
manoeuvres, and start bag–valve mask ventilation in preparation for tracheal
intubation.

1.4.35

A healthcare professional with expertise in paediatric airway management should
undertake tracheal intubation.

1.4.36

Be aware that children and young people with suspected or confirmed bacterial
meningitis or meningococcal septicaemia are very ill and at grave risk of sudden
deterioration during intubation. Anticipate aspiration, pulmonary oedema or
worsening shock during intubation. Ensure that they are nil by mouth from
admission to hospital and that the following are available before intubation:
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● facilities to administer fluid boluses
● appropriate vasoactive drugs
● access to a healthcare professional experienced in the management of
critically ill children.
1.4.37

Undertake tracheal intubation and mechanical ventilation for the following
indications:
● threatened (for example, loss of gag reflex), or actual loss of airway patency
● the need for any form of assisted ventilation, for example
bag–mask ventilation
● clinical observation of increasing work of breathing
● hypoventilation or apnoea
● features of respiratory failure, including:
– irregular respiration (for example, Cheyne–Stokes breathing)
– hypoxia (PaO2 less than 13 kPa or 97.5 mmHg) or decreased oxygen
saturations in air
– hypercapnia (PaCO2 greater than 6 kPa or 45 mmHg)
● continuing shock following infusion of a total of 40 ml/kg of resuscitation
fluid
● signs of raised intracranial pressure
● impaired mental status:
– reduced or fluctuating level of consciousness (Glasgow Coma Scale score
less than 9 or a drop of 3 or more)
– moribund state
● control of intractable seizures
● need for stabilisation and management to allow brain imaging or transfer to
the paediatric intensive care unit or another hospital.

1.4.38

Use local or national protocols for intubation.

Corticosteroids
Bacterial meningitis
1.4.39

Do not use corticosteroids in children younger than 3 months with suspected or
confirmed bacterial meningitis.
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1.4.40

Give dexamethasone (0.15 mg/kg to a maximum dose of 10 mg, four times daily
for 4 days)††† for suspected or confirmed bacterial meningitis as soon as possible
if lumbar puncture reveals any of the following:
● frankly purulent CSF
● CSF white blood cell count greater than 1000/microlitre
● raised CSF white blood cell count with protein concentration greater than
1 g/litre
● bacteria on Gram stain.

1.4.41

If tuberculous meningitis is in the differential diagnosis, refer
to Tuberculosis (NICE clinical guideline 33) (replaced by Tuberculosis [NICE
clinical guideline 117]) before administering steroids, because steroids may be
harmful if given without antituberculous therapy.

1.4.42

If dexamethasone was not given before or with the first dose of antibiotics, but
was indicated, try to administer the first dose within 4 hours of starting
antibiotics, but do not start dexamethasone more than 12 hours after starting
antibiotics.

1.4.43

After the first dose of dexamethasone discuss the decision to continue
dexamethasone with a senior paediatrician.

Meningococcal septicaemia
1.4.44

Do not treat with high-dose corticosteroids (defined as dexamethasone
0.6 mg/kg/day or an equivalent dose of other corticosteroids).

1.4.45

In children and young people with shock that is unresponsive to vasoactive
agents, steroid replacement therapy using low-dose corticosteroids
(hydrocortisone 25 mg/m2 four times daily) should be used only when directed by
a paediatric intensivist.

Adjunctive therapies
1.4.46

Do not use activated protein C or recombinant bacterial permeability-increasing
protein in children and young people with meningococcal septicaemia.

The dosage given in the recommendation is based on high-quality evidence and is consistent with established clinical practice
(see the full guideline for further details). The guideline will assume that prescribers will use a drug's SPC to inform their
decisions for individual patients. Dexamethasone does not have UK marketing authorisation for use at the dose specified in the
recommendation. Such use is an off-label use. Informed consent should be obtained and documented in line with normal
standards in emergency care.
†††

2018 surveillance of Meningitis (bacterial) and meningococcal septicaemia in under 16s: recognition, diagnosis
and management (2010) NICE guideline CG102 – consultation document
40 of 65

Monitoring for deterioration for meningococcal disease
1.4.47

Monitor children and young people closely after admission to hospital for signs of
deterioration (monitor respiration, pulse, blood pressure, oxygen saturation and
Glasgow Coma Scale score).

1.4.48

Be aware that children and young people with meningococcal disease can
deteriorate rapidly, regardless of the results of any initial assessment of severity.

Retrieval and transfer to tertiary care
1.4.49

Children and young people who need resuscitation should be discussed with a
paediatric intensivist as soon as possible.

1.4.50

Transfer of children and young people to tertiary care should be undertaken by
an experienced paediatric intensive care retrieval team comprising medical and
nursing staff.

Surveillance decision
This section of the guideline should not be updated.
Editorial corrections are needed for this section:
Antibiotics for suspected bacterial meningitis or meningococcal disease
Based on topic expert feedback, recommendation 1.4.5 wording should be amended for
clarity with the following revised text:
“Where calcium-containing infusions are being administered, do not use ceftriaxone, instead
use cefotaxime.”
Cross referral to NICE guideline on Tuberculosis
Recommendation 1.4.7 and 1.4.41 should be amended to cross refer to the updated NICE
guideline on tuberculosis (NICE clinical guideline NG33). The guideline number and hyperlink
should be amended in the existing cross reference.

Corticosteroids

Previous surveillance summary
Through the evidence update search, 1
systematic review(55) and 1 RCT(56) were
identified that examined the effect of
adjuvant corticosteroid therapy compared
with controls on mortality, hearing loss and

neurological sequelae in children and
adults with acute bacterial meningitis.
Subgroup analysis of the children found no
impact of corticosteroid therapy on
mortality. However corticosteroids did
appear to significantly reduce risk of any
hearing loss and severe hearing loss. The
original review was included in NICE
guideline CG102 for extrapolation,
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because of the lack of evidence on
corticosteroids for meningococcal
septicaemia. An updated version of the
systematic review(57) (33 studies,
n=4,268) found no new studies relating to
children.
Through the surveillance literature search,
4 systematic reviews(58–61) and 1
RCT(62) were identified relating to
adjuvant therapy with corticosteroids. The
evidence from the majority of included
studies, and the systematic reviews
overall, was limited and demonstrated
conflicting results.

2018 surveillance summary
A systematic review(63) (25 studies,
n=4,121; 15 studies in children under 16
years) examined the effect of
corticosteroid therapy versus placebo on
mortality, hearing loss and neurological
sequelae in people of all ages with acute
bacterial meningitis. Corticosteroids were
associated with a non-significant reduction
in mortality. In high income countries,
corticosteroids reduced severe hearing
loss, any hearing loss and short-term
neurological sequelae.
A systematic review(64) (2 studies, n=132)
assessed the effectiveness and safety of
adjunctive corticosteroids, alongside
standard antibiotic therapy, in reducing
death and neurological sequelae in
neonates with bacterial meningitis.
Compared to appropriate antibiotic
therapy alone or in combination with a
placebo, adjunctive corticosteroids
reduced the risk of death but did not have
a significant effect on the number of
infants with sensorineural deafness at 2
years. The data was graded as very low
quality by the reviewers.

A systematic review(65) (10 studies
n=2,459; 4 studies specific to children) of
RCTs evaluated the therapeutic and
adverse effect of adjunctive
dexamethasone, alongside antibiotics, in
children and adults with bacterial
meningitis. The subgroup analysis for
children showed that dexamethasone
versus placebo was not associated with a
significant reduction in either follow-up
mortality or severe neurological sequelae.
However, dexamethasone seemed to
reduce hearing loss among survivors.
A systematic review(66) (15 studies
n=2,409) investigated the efficacy of
adjunctive dexamethasone therapy, in
addition to antibiotics, among children
with bacterial meningitis compared to
antibiotic therapy alone. The results of
meta-analysis showed that patients who
received dexamethasone had significantly
lower risks in incidence of hearing loss and
severe neurological sequelae, but the
follow-up mortality was not affected.
An RCT(67) (n=96) evaluated and
compared early corticosteroid therapy
with the traditional use of steroids among
paediatric septic shock patients. Results
showed a statistically significant shorter
shock reversal time among patients
receiving corticosteroids at the start of
treatment compared with those who
received it at a later stage of treatment.
However, mortality was not statistically
different among the groups.
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Adjunctive therapies

Previous surveillance summary
Activated protein C and intravenous
immunoglobin (IVIG)
Through the evidence update search, 1
systematic review(68) that was identified
on activated protein C did not provide
evidence to support the use of activated
protein C, alongside antibiotics, in children
and young people with meningococcal
septicaemia, confirming the current
recommendations of NICE guideline
CG102. A further 2 systematic
reviews(69,70) and 1 RCT(71) were
identified on intravenous immunoglobin.
Although the systematic review evidence
was suggestive of an effect of polyclonal
IVIG on mortality (within the limitations of
the included evidence), the subsequent
INIS trial now seems to indicate that IVIG
may have no effect on death or major
disability in neonatal sepsis.
Through the surveillance literature search,
2 systematic reviews(72,73) found no
evidence to support the use activated
protein C, in addition to antibiotics, for the
management of severe sepsis in newborn
infants. Studies on sepsis were included in
NICE guideline CG102 for extrapolation
where evidence on bacterial meningitis
and meningococcal septicaemia were
lacking.
An updated systematic review(74) found
insufficient evidence to support adjunctive
therapy with monoclonal IVIGs, alongside
standard antibiotic treatment.
Plasma filtration and osmotic therapies
Through the surveillance literature search,
1 RCT(75) found that plasma filtration for

septic shock was not significantly different
to control in mortality, after adjustment for
severity of illness at the time of
randomisation.
A systematic review(76) on osmotic
therapies added to antibiotics for acute
bacterial meningitis in children and adults
found no benefit on mortality, but a
possible reduction in deafness.

2018 surveillance summary
An updated systematic review(76) (5
studies, n=1,451) evaluated the effects of
osmotic therapies added to antibiotics for
acute bacterial meningitis in children and
adults on mortality, deafness and
neurological disability. Glycerol was the
only osmotic therapy evaluated, and data
from trials did not demonstrate an effect
on death. Glycerol may reduce
neurological deficiency and deafness,
based on low to moderate certainty
evidence. The proportion of children in the
overall sample was not reported in the
abstract.
Antibiotics for bacterial meningitis or
meningococcal disease

Previous surveillance summary
Through the surveillance literature search,
1 systematic review(77) was identified,
covering optimal duration of antibiotic
therapy for bloodstream infections. The
findings suggested that there were no
significant differences between shorter
versus longer durations of antibiotic
therapy.
An additional RCT(78) of cefotaxime plus
adjunctive paracetamol in children with
pneumococcal meningitis found nonsignificant improvements in mortality,
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severe neurological sequelae or deafness
from slow infusion of cefotaxime plus
adjunctive paracetamol.

2018 surveillance summary
An RCT(79) (n=40) assessed the effects of
rifampin on markers of inflammatory
response and neuronal damaged children
from 3 months to 12 years of age with
bacterial meningitis. Rifampin
pretreatment with ceftriaxone significantly
lowered CSF tumour necrosis factor alpha
concentrations and S100B on day 1 and
S100B and neuron-specific enolase on day
5 when compared with ceftriaxone alone.
The rifampin-treated group also had
reduced morbidity and neurologic
sequelae; however, these were not
statistically significant.
A systematic review of reviews(80) (6
reviews, n=3,162) assessed the clinical
effectiveness of shorter (3-13 days) versus
longer duration (up to 28 days) antibiotics
for treatment of bacterial infections in
adults and children in secondary care
settings, using the evidence from
published systematic reviews. In children,
there was no difference in clinical
resolution rates for pneumonia,
pyelonephritis and confirmed bacterial
meningitis. The quality of the evidence
was reported to be low to moderate.
An ongoing study: Using procalcitonin to
guide duration of antibiotics is expected to
complete in 2020 and will further inform
the prognostic value of PCT testing in
guiding duration of antibiotic use in
children.

Intravenous fluid resuscitation in
meningococcal septicaemia

Previous surveillance summary
Two systematic reviews(81,82) were
identified which assessed the evidence
base for intravenous fluid boluses as part
of emergency care in the treatment of
children with shock due to sepsis or severe
infection. Both reviews included the
FEAST trial, which found that fluid boluses
were harmful compared to no bolus.

2018 surveillance summary
A single centre retrospective study(83)
(n=63) compared the effect of crystalloid
and crystalloid plus albumin in the
treatment of paediatric septic shock. The
findings indicated that albumin
resuscitation for septic shock stabilised
haemodynamics earlier, reduced the
incidence of pulmonary oedema, and
improve the successful rescue rate of
refractory septic shock.
An RCT(84) (n=96) compared the effect of
administration of 40-60 mL/kg of fluids as
fluid boluses in aliquots of 20 mL/kg each
over 15-20 minutes with that over 5-10
minutes each. The composite outcome was
need for mechanical ventilation and/or
impaired oxygenation-increase in
oxygenation index by 5 from baseline in
the initial 6 and 24 hours in children with
septic shock. When compared with the 510 minutes group, fewer children in the
15-20 minutes group needed mechanical
ventilation or had an increase in
oxygenation index in the first 6 hours and
24 hours after fluid resuscitation. There
was no difference in secondary outcomes
such as death or length of stay.
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A systematic review(85) (1 study) aimed to
determine the effect of a different regimen
of first hour fluid administration rates on
mortality and severe consequences of
impaired circulation in 2 to 60 months old
children with impaired circulation. A single
large RCT conducted in low-resource
settings indicated that administration of
fluid bolus is associated with higher
mortality in comparison to the
maintenance fluids alone in children with
severe febrile illness and one or more signs
of impaired perfusion.

Fluid management in suspected or
confirmed bacterial meningitis

Syringe size

2018 surveillance summary

Previous surveillance summary

An updated systematic review(89) (3
studies, n=420) evaluated treatment of
acute bacterial meningitis with differing
volumes of initial fluid administration (up
to 72 hours after first presentation) and
the effects on death and neurological
sequelae. The meta-analysis found no
significant difference between the
maintenance-fluid and restricted-fluid
groups in number of deaths or acute
severe neurological sequelae, based on
low quality evidence. There was evidence,
graded as very low quality, favouring
maintenance fluid over restrictive fluid for
chronic severe neurological sequelae at 3
months follow-up.

Through the surveillance literature search,
1 RCT(86) was identified on optimal
syringe size for manual fluid resuscitation
in paediatric septic shock. The findings
suggested that greatest efficiency (total
time to administer 900 mL) was achieved
with 30 or 60 mL syringes. No relevant
evidence was identified in the 2018
surveillance.
Vasoactive therapy for shock in
meningococcal septicaemia

Previous surveillance summary
Through the surveillance literature search,
1 systematic review(87) was identified that
evaluated the effects of vasopressin and
terlipressin on mortality and morbidity
outcomes in patients with vasodilatory
shock. The findings indicated that
vasopressin and terlipressin were
comparable to conventional agents in the
maintenance of haemodynamic stability
and organ function in vasodilatory shock.
Evidence on morbidity and mortality was
inconclusive.

Previous surveillance summary
Through the surveillance literature search,
an updated version of a systematic
review(88) included in NICE guideline
CG102 was identified, which examined
treatment of acute bacterial meningitis
with differing volumes of initial fluid
administration. No new studies were
found and the conclusion of the review
remained unchanged.

Prognostic markers

2018 surveillance summary
A prospective observational study(90)
(n=88) aimed to evaluate what factors are
related to a poor pneumococcal meningitis
prognosis. Clinical variables statistically
significant for a poor outcome were
younger age, lengthy fever, sepsis, lower
Glasgow Score, higher score on Paediatric
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Risk Mortality Score and Sequential Organ
Failure Assessment, longer mechanical
ventilation, and inotropic support
requirements. Statistically significant
biochemical variables were higher level of
CRP and procalcitonin at admission, low
CSF pleocytosis, higher level of protein in
CSF, and severe hypoglycorrhachia.
A study(31) (n=120) evaluated the
prognostic value of IL-6 in CSF in bacterial
meningitis. Results showed a significant
correlation between the CSF glucose and
total protein levels in patients with
bacterial meningitis. The mean CSF IL-6
level in patients with bacterial meningitis
whose disease outcome was fatal was
significantly higher than that of those who
survived the disease.
Inotropes

2018 Surveillance summary
An RCT(91) (n=120) compared the effects
of dopamine or epinephrine in severe
sepsis on 28-day mortality in children 1
month to 15 years old with septic shock.
Patients were randomly assigned to
receive either dopamine (5-10
microgram/kg/min) or epinephrine (0.1-0.3
microgram/kg/min) through a peripheral or
intraosseous line. Dopamine was
associated with an increased risk of death
and healthcare-associated infection. Early
administration of peripheral or
intraosseous epinephrine was associated
with increased survival.

Intelligence gathering
Overlap with other guidelines
Topic experts advised that NICE guideline
CG102 should be aligned with the NICE
guideline on Sepsis : recognition, diagnosis

and early management via a general cross
referral.
Choice of antibiotic
1.4.15 states that children younger than 3
months with unconfirmed but clinically
suspected bacterial meningitis, should be
treated with cefotaxime plus either
ampicillin or amoxicillin for at least 14
days. If the clinical course is complicated,
extending the duration of treatment and
consulting an expert in paediatric
infectious diseases should be considered.
Topic experts advised that in relation to
recommendations 1.4.2 and 1.4.15,
amoxicillin should not be recommended
beyond the first 30 days of life in children
younger than 90 days, with unconfirmed
but clinically suspected bacterial
meningitis where complications require
extended duration of treatment. The
purpose of adding amoxicillin is to cover
listeria, but cases were considered to be
rare after 30 days. Beyond this age,
experts proposed that cefotaxime or
ceftriaxone alone should provide
satisfactory coverage for the common
pathogens. Recent epidemiological data
was cited and is included in the evidence
summary.
Topic experts also advised that the
guideline would benefit from including
antibiotic of choice for penicillin-allergic
patients, for example cefotaxime to
support provision of antibiotics in primary
care where significant ambulance delays
are apparent at present.
Topic experts advised that
recommendation 1.4.5 wording should be
amended for clarity. Possible alternatives
to be considered might be:
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“Where calcium-containing infusions are
being administered, do not use
ceftriaxone, instead use cefotaxime.”

to complete in 2020 and will further
inform the prognostic value of PCT testing
in guiding antibiotic use in children.

OR

Listeria cover

“Where the use of ceftriaxone is
contemplated, but calcium-containing
infusions are being administered, do not
use ceftriaxone, instead use cefotaxime.”

Recommendations 1.4.2 and 1.4.15 state
that children younger than 3 months with
suspected bacterial meningitis should be
treated without delay using intravenous
cefotaxime plus either amoxicillin or
ampicillin, for at least 14 days. If the
clinical course is complicated,
consideration should be given to extending
the duration of treatment and consulting
an expert in paediatric infectious diseases.

Emergency management
Topic experts also advised that emergency
management should be reviewed to
ensure critical management evidence has
not changed. However, no studies were
cited.

Impact statement
Antibiotic treatment
Topic expert advice on the potential
inclusion of recommendations on
antibiotics for penicillin-allergic patients is
unlikely to impact on the guideline
recommendations until it is substantiated
by new evidence.
Duration of antibiotics
Cumulative new and previous surveillance
evidence, is unlikely to impact on CG102
recommendations 1.4.9-1.4.17 on duration
of antibiotic treatment for suspected or
confirmed meningococcal infection.
Systematic reviews identified only low to
moderate quality evidence indicating no
difference between shorter versus longer
duration antibiotics in secondary care for
bacterial meningitis in children. Further
studies may be needed to clearly assess
the comparative clinical benefits of
differing durations of treatment.
An ongoing study ‘Using procalcitonin to
guide duration of antibiotics’ is expected

Clinical feedback highlighted some new
evidence to suggest a shorter duration (30
days or less) of treatment for infants under
90 days of age. However, additional
clinical feedback stated that existing
evidence showed cases of listeria
occurring up to 60 days and that the risk,
although decreasing, could remain up to
90 days of age. The ongoing study Listeria
infection in infants aims to establish the
incidence of proven and possible listeria,
age, geographical and ethnic distribution,
management and outcome at diagnosis
and at one year follow-up. This data is
expected to provide stronger and more
conclusive evidence to inform a potential
future impact on NICE guideline CG102.
Rifampin pretreatment
No impact is anticipated until the initial
findings from a small RCT supporting the
use of rifampin pretreatment with
ceftriaxone are substantiated by larger
studies.
Inotropes
The evidence from an RCT that does not
support the use of dopamine over
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epinephrine is consistent with NICE
guideline CG102, which does not
recommend its use. Early administration of
peripheral or intraosseous epinephrine was
associated with increased survival.
Syringe size
The cumulative evidence on optimal
syringe size for conducting manual fluid
resuscitation is inconclusive and no impact
on the guideline is anticipated.
Fluid management
Updated systematic review evidence,
identified in current and previous
surveillance, does not support fluid volume
restriction for suspected/confirmed
bacterial meningitis and is therefore
unlikely to have any impact on CG102
recommendation 1.4.23, which states that
fluids should not be restricted unless there
is evidence of:



raised intracranial pressure, or
increased antidiuretic hormone
secretion.

Fluid resuscitation
The new systematic review evidence
relating to first hour fluid resuscitation rate
is unlikely to impact on the guideline
recommendation 1.4.30. The findings from
the single included RCT are not
generalisable to contexts with different
severity of and different causes of shock
and in centres with better facilities.
The new evidence from a small RCT raising
concerns about the current
recommendation (1.4.30) to administer
boluses over 5-10 minutes each in children
with septic shock is unlikely to impact until
the findings are substantiated by further
larger RCTs.

The new evidence from a small
observational study supporting the use of
albumin resuscitation for septic shock are
unlikely to impact on recommendation
1.4.30 for IV fluid resuscitation in
meningococcal septicaemia until the
findings are substantiated by larger
randomised studies.
Adjunctive Osmotic therapy
The new systematic review evidence does
not support the use of glycerol as an
adjunctive osmotic therapy to antibiotics.
This is consistent with NICE guideline
CG102, which does not recommend
osmotic therapy.
Further research may be required on
adjunctive paracetamol before it can be
considered for inclusion in NICE guideline
CG102.
Corticosteroids
The new and previous systematic review
and RCT evidence on corticosteroids adds
some weight to the case for use of
corticosteroids for sepsis and septic shock,
but is not conclusive, due to inconsistency
in results, or generalisable to bacterial
meningitis. Therefore no impact is
anticipated on recommendations 1.4.44
and 1.4.45, advising use of corticosteroids
for meningococcal septicaemia only in
specific circumstances and not at high
doses.
The collective previous and current
surveillance has revealed insufficient
evidence of benefit, in terms of improved
mortality, of adjuvant therapy with
corticosteroids for bacterial meningitis or
meningococcal septicaemia. This is
consistent with CG102, which does not
recommend adjuvant therapy.
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Prognosis
Recommendations 1.4.47 and 1.4.48
advise monitoring children and young
people closely after admission for signs of
deterioration. This should include
respiration, pulse, blood pressure, oxygen
saturation and Glasgow Coma Scale score.

various clinical and CSF (IL6) variables to
add to these signs is unlikely to impact on
the guideline until the findings are
substantiated by further larger studies.
New evidence is unlikely to change
guideline recommendations.

The evidence from 2 small observational
studies supporting the prognostic value of

Long-term management
Recommendations in this section of the guideline
Long-term effects of bacterial meningitis and meningococcal septicaemia
1.5.1

Before discharging children and young people from hospital:
● consider their requirements for follow-up, taking into account potential
sensory, neurological, psychosocial, orthopaedic, cutaneous and renal
morbidities, and
● discuss potential long-term effects of their condition and likely patterns of
recovery with the child or young person and their parents or carers, and
provide them with opportunities to discuss issues and ask questions.

1.5.2

Offer children and young people and their parents or carers:
● information about and access to further care immediately after discharge,
and
● contact details of patient support organisations including meningitis
charities that can offer support, befriending, in-depth information,
advocacy, counselling, and written information to signpost families to
further help, and
● advice on accessing future care.

1.5.3

Offer a formal audiological assessment as soon as possible, preferably before
discharge, within 4 weeks of being fit to test.

1.5.4

Offer children and young people with a severe or profound deafness an urgent
assessment for cochlear implants as soon as they are fit to undergo testing
(further guidance on the use of cochlear implants for severe to profound deafness
can be found in Cochlear implants for children and adults with severe to profound
deafness [NICE technology appraisal guidance 166]).
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1.5.5

Children and young people should be reviewed by a paediatrician with the results
of their hearing test 4–6 weeks after discharge from hospital to discuss
morbidities associated with their condition and offered referral to the appropriate
services. The following morbidities should be specifically considered:
● hearing loss (with the child or young person having undergone an urgent
assessment for cochlear implants as soon as they are fit)
● orthopaedic complications (damage to bones and joints)
● skin complications (including scarring from necrosis)
● psychosocial problems
● neurological and developmental problems
● renal failure.

1.5.6

Inform the child's or young person's GP, health visitor and school nurse (for
school-age children and young people) about their bacterial meningitis or
meningococcal septicaemia.

1.5.7

Healthcare professionals with responsibility for monitoring the child's or young
person's health should be alert to possible late-onset sensory, neurological,
orthopaedic and psychosocial effects of bacterial meningitis and meningococcal
septicaemia.

Immune testing
1.5.8

Test children and young people for complement deficiency if they have had
either:
● more than one episode of meningococcal disease, or
● one episode of meningococcal disease caused by serogroups other than B
(for example A, C, Y, W135, X, 29E), or
● meningococcal disease caused by any serogroup and a history of other
recurrent or serious bacterial infections.

1.5.9

Children and young people with recurrent episodes of meningococcal disease
should be assessed by a specialist in infectious disease or immunology.

1.5.10

Do not test children and young people for complement deficiency who have had
either:
● a single episode of meningococcal disease caused by serogroup B
meningococcus, or
● unconfirmed meningococcal disease.

1.5.11

Discuss appropriate testing for complement deficiency with local immunology
laboratory staff.
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1.5.12

If a child or young person who has had meningococcal disease has a family
history of meningococcal disease or complement deficiency, test the child or
young person for complement deficiency.

1.5.13

If a child or young person who has had meningococcal disease is found to have
complement deficiency, test their parents and siblings for complement deficiency.

1.5.14

Refer children and young people with complement deficiency to a healthcare
professional with expertise in the management of the condition.

1.5.15

Do not test children and young people for immunoglobulin deficiency if they have
had meningococcal disease, unless they have a history suggestive of an
immunodeficiency (that is, a history of serious, persistent, unusual, or recurrent
infections).

Surveillance decision
This section of the guideline should be updated.

Previous surveillance summary
Through the surveillance literature search,
a systematic review(92) investigated
infections (including but not restricted to
meningitis) and neurodevelopmental
outcome in preterm and very low-birthweight infants. From the 18 included
studies (n=13,755) the findings indicated
that mental development was impaired by
meningitis, but did not report on its impact
on motor development.

2018 surveillance summary
Cognitive deficits
A systematic review(93) (39 studies,
n=2,015 for IQ, n=382 for developmental
delay) assessed the impact of meningitis
on IQ and developmental delay. Across all
bacterial organisms, meningitis survivors
had a mean IQ significantly lower than
controls. The pooled relative risk for low
IQ (IQ<70) in survivors of bacterial

meningitis was significant compared with
controls. Developmental delay was
observed in studies of bacterial meningitis
but the statistical significance of this was
not reported in the abstract.
A prospective study(94) examined
childhood neurocognitive and
psychological functioning in healthy
survivors of early life meningitis. The
outcomes of IQ, short-term memory,
working memory, reading and spelling
abilities, psychological and behavioural
problems, depressive and anxiety
symptoms, and psychotic experiences at
ages 9 to 13 years were compared
between those exposed and unexposed to
meningitis. Children who had suffered
from meningitis, compared with the
unexposed, performed significantly worse
on all neurocognitive and educational
measures. Meningitis was associated with
higher depressive and anxiety symptoms,
psychological and behavioural problems,
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and increased risk of psychotic
experiences.
Attention deficit hyperactivity disorder
A study(95) (n=120) examined the
frequency of and risk of developing
attention deficit hyperactivity disorder
(ADHD) in children who had had bacterial
meningitis. The sample comprised 60
children who had had meningitis in the
first year of their lives and 60 control
children who had not had the disease.
ADHD was assessed through the
structural clinical interviews with parents
according to the criteria set in DSM-IV.
Meningitis was found to be a significant
risk factor for developing ADHD later in
childhood, although the age of onset was
not reported in the abstract.
Quality of life
A study(96) (n=109 parent respondents)
aimed to quantify quality of life loss at the
point when group B meningococcal
disease was at its worst, and assess health
state recovery in the months following
illness. The median time from disease
onset to parental questionnaire completion
was 134 days. The health state of cases
with long-term sequelae (n=41) was
significantly worse at follow-up than those
who recovered uneventfully. The length of
follow-up was not fully reported in the
abstract, however.
Postural control
A controlled study(97) (n=61) assessed the
long-term effects from bacterial meningitis
in childhood and adolescence on postural
control in adulthood. Subjects (n=36)
treated in childhood or adolescence for
bacterial meningitis, and controls (n=25)
performed posturography with eyes open
and closed under unperturbed and

perturbed standing. Meningitis subjects
were significantly more unstable than
controls during unperturbed and perturbed
standing. Meningitis subjects had poorer
adaption ability to balance perturbations
especially with eyes open, and they
frequently reported symptoms of
unsteadiness and dizziness, which was
found significantly correlated to
objectively decreased stability.

Intelligence gathering
Duration of follow-up
Topic expert feedback highlighted an
ongoing cohort study that includes a
follow-up of babies with Group B
Streptococcus meningitis. It may
contribute evidence that the current
recommendation 1.5.5 for routine followup of children surviving meningitis to be
limited to 4-6 weeks after hospital
discharge, unless there are reasons found
to continue, may be too short. Clinical
feedback suggested that a 6 week followup appointment would fail to detect
significant cognitive and neuromotor
sequelae that may not become evident
until later in the child’s development or
when they reach school-age.
Topic expert feedback also highlighted
that the Meningitis Research Foundation is
now recommending that the 4-6 week
period recommended in CG102 be
extended to 2 years for babies <3 months
of age.
Immune testing
In relation to recommendations 1.5.8 –
1.5.10, topic experts advised that the
reason that MenB disease was excluded
(2nd bullet point) was that as there was no
vaccine, cases could not reasonably be
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considered to represent unusual
susceptibility. Now that there is a vaccine,
it was suggested that the wording of these
recommendations be reconsidered, so that
any child who has received meningococcal
vaccination and subsequently develops
meningococcal disease should be tested
for complement deficiency.

lowering the threshold for diagnosing
future infections in these individuals and
identifying family members who may be at
risk of meningococcal or other infections.
People with identified immune deficiencies
can also be protected at least partially
from further infections by immunisation or
long-term prophylactic antibiotics.

Experts also advised that new data on
immune testing should be reviewed in the
light of emerging research in this area. No
studies were cited, however.

Impact statement

Although the surveillance review did not
identify any new evidence in this area,
topic expert feedback indicates that
emerging evidence on immune testing
should also be considered as part of the
update.

Duration of follow-up

Long-term effects

No new evidence was identified to impact
on the recommendation 1.5.5 for children
and young people to be reviewed by a
paediatrician with the results of their
hearing test 4–6 weeks after discharge
from hospital. Clinical feedback highlighted
ongoing research which includes duration
of follow-up, which will be monitored for
potential future impact on the guideline.

The new evidence relating to the following
long-term effects of bacterial meningitis is
consistent with recommendations 1.5.1,
1.5.5 and 1.5.7, and is unlikely to impact:

Immune testing
New intelligence indicates a potential
impact on recommendations 1.5.8–1.5.10,
to take account of the MenB vaccine that
has been introduced since publication of
NICE guideline CG102. The wording of
these recommendations should be
reviewed, so that any child who has
received meningococcal vaccination and
subsequently develops meningococcal
disease should be tested for complement
deficiency. The benefits of this include

● Cognitive deficits and developmental
delay
● Postural control
The new evidence highlighting the adverse
effect of bacterial meningitis on quality of
life is consistent with recommendations
1.5.1 and 1.5.2. These cover
communication with children, parents and
carers about long-term effects and
requirements; and provision of information
and advice about further care and support.
New evidence identified that may change
current recommendations.
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Research recommendations
What are the symptoms and signs of bacterial meningitis and meningococcal disease in
children and young people aged under 16 years that differentiate between these conditions
and minor self-limiting infections (including those characterised by fever)?

Summary of findings
No new evidence relevant to the research recommendation was found and no ongoing
studies were identified.

Surveillance decision
This research recommendation will be considered again at the next surveillance point.

Does the administration of pre-hospital antibiotics improve outcomes in children and young
people with suspected meningococcal disease?

Summary of findings
No new evidence relevant to the research recommendation was found and no ongoing
studies were identified.

Surveillance decision
This research recommendation will be considered again at the next surveillance point.

What are the normal ranges for blood and CSF parameters in children and young people in
the UK?

Summary of findings
The new evidence establishes age-specific reference values for CSF WBC counts and protein
and glucose concentrations in infants 60 days or younger, which should be considered in an
update to the guideline, alongside UK Standards for Microbiology Investigation of
Cerebrospinal Fluid (June 2017) Public Health England.
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Surveillance decision
This research recommendation will be considered again at the next surveillance point for
other blood and CSF parameters unless a new research recommendation is made as part of
the update process.

In children and young people what are the risk factors for meningitis and septicaemia
caused by cephalosporin-resistant strains of pneumococcus?

Summary of findings
No new evidence relevant to the research recommendation was found and no ongoing
studies were identified.

Surveillance decision
This research recommendation will be considered again at the next surveillance point.

How effective is albumin 4.5% solution compared with crystalloid saline 0.9% solution for
fluid resuscitation in children and young people with septic shock

Summary of findings
No new evidence relevant to the research recommendation was found and no ongoing
studies were identified.

Surveillance decision
This research recommendation will be considered again at the next surveillance point.

What is the effectiveness of corticosteroids as an adjunct to antibiotic treatment in
neonates with suspected or confirmed bacterial meningitis?

Summary of findings
The new evidence shows that compared to appropriate antibiotic therapy alone or in
combination with a placebo, adjunctive corticosteroids reduced the risk of death in neonates
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but did not have a significant effect on the number of infants with sensorineural deafness at
2 years. The data was graded as very low quality by the reviewers, and is unlikely to impact
on the guideline until higher quality studies confirm the findings.

Surveillance decision
This research recommendation will be considered again at the next surveillance point.

How effective is steroid replacement treatment in children and young people with
vasopressor-unresponsive shock caused by septicaemia, including meningococcal
septicaemia?

Summary of findings
No new evidence relevant to the research recommendation was found and no ongoing
studies were identified.

Surveillance decision
This research recommendation will be considered again at the next surveillance point.

Does early intervention with anti-endotoxin treatments such as recombinant bactericidal
permeability-increasing protein improve outcomes in children and young people with severe
meningococcal septicaemia?

Summary of findings
No new evidence relevant to the research recommendation was found and no ongoing
studies were identified.

Surveillance decision
This research recommendation will be considered again at the next surveillance point.
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Are severity scoring systems useful for directing clinical management of suspected or
confirmed meningococcal disease in children and young people?

Summary of findings
No new evidence relevant to the research recommendation was found and no ongoing
studies were identified.

Surveillance decision
This research recommendation will be considered again at the next surveillance point.

Does routine follow-up reduce the incidence of psychosocial stress and long-term morbidity
in children and young people who have had bacterial meningitis or meningococcal
septicaemia and their families?

Summary of findings
No new evidence relevant to the research recommendation was found and no ongoing
studies were identified.

Surveillance decision
This research recommendation will be considered again at the next surveillance point.
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