
ABSTRACT
Background
Symptoms are part of the initial evaluation of children
with acute illness, and are often used to help identify
those who may have serious infections. Meningococcal
disease is a rapidly progressive infection that needs to be
recognised early among children presenting to primary
care.

Aim
To determine the diagnostic value of presenting
symptoms in primary care for meningococcal disease.

Design of study
Data on a series of presenting symptoms were collected
using a parental symptoms checklist at point of care for
children presenting to a GP with acute infection.
Symptom frequencies were compared with existing data
on the pre-hospital features of 345 children with
meningococcal disease.

Setting
UK primary care.

Method
The study recruited a total of 1212 children aged under
16 years presenting to their GP with an acute illness, of
whom 924 had an acute self-limiting infection, including
407 who were reported by parents to be febrile. Symptom
frequencies were compared with those reported by
parents of 345 children with meningococcal disease.
Main outcome measures were diagnostic characteristics
of individual symptoms for meningococcal disease.

Results
Five symptoms have clinically useful positive likelihood
ratios (LR+) for meningococcal disease: confusion
(LR+ = 24.2, 95% confidence interval [CI] = 11.5 to 51.3),
leg pain (LR+ = 7.6, 95% CI = 4.9 to 11.9), photophobia
(LR+ = 6.5, 95% CI = 3.8 to 11.0), rash (LR+ = 5.5, 95%
CI = 4.3 to 7.1), and neck pain/stiffness (LR+ = 5.3, 95%
CI = 3.5 to 8.3). Cold hands and feet had limited
diagnostic value (LR+ = 2.3, 95% CI = 1.9 to 3.0), while
headache (LR+ = 1.0, 95% CI = 0.8 to 1.3), and pale
colour (LR+ = 0.3, 95% CI = 0.2 to 0.5) did not
discriminate meningococcal disease in children.

Conclusion
This study confirms the diagnostic value of classic ‘red
flag’ symptoms of neck stiffness, rash, and photophobia,
but also suggests that the presence of confusion or leg
pain in a child with an unexplained acute febrile illness
should also usually prompt a face-to-face assessment to
exclude meningococcal disease. Telephone triage
systems and primary care clinicians should consider
these as ‘red flags’ for serious infection.

Keywords
children; diagnosis; meningococcal infections; primary
care; symptoms.

INTRODUCTION
Identifying a child who may have a serious infection
among those presenting with minor or self-limiting
illness is challenging for primary care clinicians, and
is a recurrent worry for parents of young children.
The vast majority of infections in primary care are
minor or self-limiting, yet infections are a dynamic
process, and some children with serious bacterial
infections will present initially with non-specific
clinical features.1,2 The meningococcal C vaccination
programme has virtually wiped out meningococcal
C infection; however, meningococcal disease is still
the most important infectious cause of death in
children and young people in the UK, due to
meningococcal B infection.3

Unfortunately, approximately half of children with
meningococcal disease are not identified at the first
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consultation in primary care.1,4–6 Systematic
assessments of the clinical features of children with
meningococcal disease have found that the classic
features (for example, neck stiffness, photophobia,
petechial rash) may appear late in the pre-hospital
course of the illness.1,7 However, several possible
‘red flag’ clinical features (leg pain, cold hands and
feet, and abnormal skin colour) have previously
been identified, which occur up to 11 hours before
hospital admission.1

The history is usually the most important part of a
clinical assessment, so it is vital that clinicians have
evidence to determine which symptoms are useful
to discriminate serious from less serious illness.
Telephone triage is now a common part of primary
care practice, and is often used to determine
whether a child needs to be examined face to face.
Although it is useful to know the frequency of
various symptoms in children with serious illnesses
such as meningococcal disease, in order to assess
their diagnostic value we also need to know how
frequently they occur in children with minor or self-
limiting infections. This is currently an important
research gap, highlighted by National Institute for
Health and Clinical Excellence and Scottish
Intercollegiate Guidelines Network guidelines on the
management of feverish illness and meningococcal
disease.8,9 This paper describes the results of a
prospective cross-sectional study to determine the
frequency of presenting symptoms in children
attending primary care with acute infections. The
frequency of classic meningitis symptoms and the
‘red flag’ features of cold hands and feet, leg pain,
and pale colour in children with minor febrile illness
in primary care were compared with existing data on
children with meningococcal disease, to determine
the diagnostic value of individual symptoms.

METHOD
Children with self-limiting infections
Participants. Children between 1 month and
16 years of age presenting in primary care with
acute illness were recruited from GP surgeries in
Oxfordshire and Somerset. Children were eligible for
inclusion if they were under 16 years of age,
accompanied by an adult caregiver who was able to
provide informed consent, and attending an acute
appointment (made within the previous 72 hours).

Sampling period. To avoid the potential confounding
effects of season on the incidence of certain
symptoms (for example, cold hands and feet), and
to enhance the comparability of the data with the
existing meningococcal disease dataset, children
were recruited at a similar seasonal rate to that
found in the meningococcal disease study,1 in 20

sampling periods of 1-week’s duration between
June 2007 and July 2009.

Data collection. Receptionists at participating
practices were asked to distribute 30 questionnaires
to potential study participants during each
recruitment week. The questionnaire listed 25
symptoms, and parents were asked to mark the
symptoms their child was currently experiencing,
the symptom of most concern to them, and the
duration of illness. The symptoms selected for the
questionnaire were based on those included in the
meningococcal disease study1 as well as several
non-specific symptoms that are common to
childhood illnesses.
After completing the questionnaire, parents could

hand it to their GP during the consultation, return it
to the receptionist after the consultation, or post it to
the investigator. Each child’s medical record was
reviewed by a researcher to retrieve details of the
consultation and final diagnosis, as well as any
urgent hospital referral on the day of consultation or
in the subsequent 2 weeks.

Data entry. Data were entered into a Microsoft
Access® database. The diagnosis recorded by the
GP during the consultation was noted. If missing, the
diagnosis was determined by consensus between
the authors based on the child’s clinical presentation.
Children with a final diagnosis that was not
consistent with an acute infection (for example,
minor trauma, atopic eczema, asthma, allergic
rhinitis, infantile colic) were excluded, as well as
those for whom there was insufficient information to
determine a diagnosis. Any children who may have
had a serious illness, which was defined as those
who were referred acutely to hospital (emergency
department or admission) within the subsequent
2 weeks, were also excluded. The frequency of

How this fits in
Meningococcal disease is an important cause of mortality in children, and is
difficult to diagnose in its early stages. Classic features of meningism, such as
neck stiffness, photophobia, and haemorrhagic rash, are late features in the
pre-hospital presentation of this disease. Leg pain, cold hands and feet, and
pale colour have been suggested as ‘red flag’ features of early meningococcal
sepsis. This study compared the frequency of presenting symptoms in children
with minor self-limiting febrile infections with their frequency in children with
meningococcal disease. Children with minor febrile illnesses in primary care are
unlikely to present with symptoms such as confusion, photophobia, neck
pain/stiffness, or leg pain. These symptoms all have clinically useful positive
likelihood ratios for meningococcal disease and should be considered as ‘red
flags’ for this illness. These symptoms should be used in the assessment of
children with serious infections in primary care settings and, when present,
should usually prompt a face-to-face assessment.
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clinical features was determined in the subgroup of
children presenting with minor febrile infections,
which was defined as any acute infection in which
the parent indicated on the symptoms questionnaire
that fever was present in their current illness.

Children with meningococcal disease
The frequency of clinical features in children with
meningococcal disease prior to hospital admission
was obtained from a study of 448 children that has
been described previously.1,10 Between 1997 and
1999, children who died of meningococcal disease
were identified and matched by age group and
region of the country with three survivors of
meningococcal disease. A total of 448 children (103
fatal, 345 non-fatal) aged 16 years or younger were
included in the final study, of whom 296 (66%) had
predominantly septicaemia, 99 (22%) meningitis, and
53 (12%) features of both. Data on the frequency of
clinical features prior to hospital admission were
obtained from detailed questionnaires completed by
parents by post (n = 313, 69.9%) or during personal
interview (n = 135, 30.1%).
The design of this study (matching fatal cases with

non-fatal controls) resulted in an oversampling of
deaths for the purposes of the study, with a potential
bias towards severe septicaemic disease. To estimate
the frequency of clinical features in a balanced sample
of children with meningococcal disease that would be
seen in practice, the observed (raw) symptom
frequency data were weighted to reflect UK case-
fatality rates. Age-specific case-fatality rates from the
Enhanced Surveillance Scheme for Suspected
Meningococcal Disease for the epidemiological year
1999 (1 July 1999 to 30 June 2000) were used,11 and
weighted mean frequencies were calculated for each
symptom based on the following formula:

Weighted mean frequency = (mean frequency in
fatal cases x age-specific case-fatality rate) +
(mean frequency in non-fatal cases x [1 − age-
specific case-fatality rate]).1

Diagnostic value of symptoms in predicting
meningococcal disease
The frequency of symptoms obtained from the
cross-sectional study of children attending primary
care with acute self-limiting febrile infection was
compared with the frequency of symptoms in
children with meningococcal disease, using both
the observed and case-fatality rate-adjusted
symptom frequencies. The resulting 2 x 2
contingency tables were used to calculate
sensitivities, specificities, and positive and
negative likelihood ratios (LRs) and 95%
confidence intervals (CIs). Several symptoms that
the authors of the meningococcal paper had
considered age specific were analysed only in
children over 1 year of age, namely leg pain,
headache, and confusion. Responses to the two
questions regarding nausea and vomiting were
also aggregated to a single variable: nausea and/or
vomiting. In addition, as questions on the presence
of several non-specific symptoms (coughing for
>2 weeks, runny nose, earache, wheeze, difficulty
sleeping) were not included in the original
meningococcal database, it was not possible to
use these in the contingency tables. Diagnostic
characteristics for all age groups combined were
examined, and also stratified for each of three
predetermined age groups: <1 year, 1–4 years, and
5–14 years, to explore any potential variations in
diagnostic accuracy by age group.

RESULTS
Description of children recruited from primary
care with minor infection
The study recruited a total of 1212 children from 15
GP surgeries in Oxfordshire and Somerset, and
excluded those who did not have a final diagnosis
consistent with an acute infection (n = 236), had no
diagnosis listed (n = 16), or were admitted or referred
to hospital or an emergency department within
1 week of the initial consultation and thus considered
possible serious infections (n = 24). Only 12 children
were recruited in the 15–16 years age group, and this
age group was excluded from further analysis. The
remaining 924 children (ages 1 month to 14 years
11 months) were recruited from 12 GP surgeries in
Somerset (n = 687, 74.4%) and three GP surgeries in
Oxfordshire (n = 237, 25.6%). Parents reported a
history of fever in 407/924 (44.0%) children, who
were defined as having minor febrile infections (Table
1). Approximately half of the 407 children with minor
febrile infections (n = 198, 48.6%) were female, with
median age of 42 months (interquartile range [IQR] =
22–79 months), and median duration of illness
reported by parents of 4 days (IQR = 2–6 days). The
most common diagnoses were upper respiratory

Minor infection in Meningococcal
primary care, n (%) disease, n (%)a

Number of children 407 345

Sex
Male 209 (51.4) 188 (54.5)
Female 198 (48.6) 157 (45.5)

Age, years
<1 41 (10.1) 95 (27.5)
1–4 213 (52.3) 155 (44.9)
5–14 153 (37.6) 95 (27.5)

aData derived from reference 1.

Table 1. Characteristics of children in
each study sample.
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tract infections (n = 135, 33.2%), followed by acute
otitis media (n = 62, 15.2%), and tonsillitis or
pharyngitis (n = 57, 14.0%) (Table 2).

Frequency of symptoms in children with
minor febrile infections in primary care
The most frequent symptoms reported by parents of
the 407 children with minor febrile infections were
cough (n = 268, 65.8%), runny nose (n = 244,
60.0%), being irritable/miserable (n = 213, 52.3%),
sore throat (198, 48.6%), difficulty sleeping (n = 183,
45.0%), refusing food or feeds (n = 181, 44.5%), and
pale colour (n = 169, 41.5%). Of these, the
symptoms that parents reported as most concerning
to them were cough (n = 91, 22.4%), followed by
fever (n = 73, 17.9%) and earache (n = 41, 10.3%).
The classic meningeal symptoms of ‘hurts to look

at lights’ (which is referred to as here ‘photophobia’)
and neck pain/stiffness were present in only 3.9%
and 5.7% respectively of children with minor febrile
infections, and headache was reported in
approximately one-third (35.5%) (Table 3). The
majority of children whose parents reported
photophobia had upper respiratory tract infections
(12/21, 57.1%), while the remaining nine children
had a variety of diagnoses including fever of

unknown origin, non-specific viral illness, and
chickenpox. Of those children whose parents
reported neck pain or stiffness, the majority also
had upper respiratory tract infections (26/39,
66.7%) or non-specific viral illness (7/39, 17.9%).
Leg pain was infrequent among children with minor
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Diagnosis Frequency, n (%)

URTI 135 (33.2)

Acute otitis media 62 (15.2)

Tonsillitis or pharyngitis 57 (14.0)

Non-specific viral illness 56 (13.8)

LRTI or pneumonia 38 (9.3)

Bronchiolitis 10 (2.5)

Gastroenteritis 9 (2.2)

UTI 7 (1.7)

Cellulitis, impetigo, or infected eczema 5 (1.2)

Non-specific rash 5 (1.2)

Other skin infection 3 (0.7)

Other infection 20 (4.9)

LRTI = lower respiratory tract infection. URTI = upper
respiratory tract infection. UTI = urinary tract infection.

Table 2. Diagnosis of the 407 children
from primary care with acute
self-limiting febrile infections.

Minor non-febrile Minor febrile Meningococcal Meningococcal
Symptom infections, n (%) infections, n (%) disease, n (%) disease, adjusted %a

Classic meningeal features
Photophobia 5/517 (1.0) 16/407 (3.9) 73/345 (21.2) 25.5
Neck pain or stiffness 16/517 (3.1) 23/407 (5.7) 86/345 (24.9) 30.3
Headacheb 56/430 (13.0) 130/366 (35.5) 79/250 (31.6) 35.1

Suggested red flags
Leg painb 16/430 (3.7) 21/366 (5.7) 94/250 (37.6) 43.8
Cold hands and feet 23/517 (4.4) 74/407 (18.2) 139/345 (40.3) 43.1
Pale colour 73/517 (14.1) 169/407 (41.5) 65/345 (18.8) 14.0

Other features
Confusionb 0/430 (0) 7/366 (1.9) 101/250 (40.4) 46.4
Fever or high temperature 0/517 (0) 407/407 (100.0) 323/345 (93.6) 95.4
Drowsy or very sleepy 48/517 (9.3) 142/407 (34.9) 275/345 (79.7) 85.5
Rash or new spots on skinc 90/517 (17.4) 57/407 (14.0) 267/345 (77.4) 77.6
Nausea or vomiting 78/517 (15.1) 147/407 (36.1) 250/345 (72.5) 72.7
Irritable or miserable 104/517 (20.1) 213/407 (52.3) 236/345 (68.4) 72.6
General aching 33/517 (6.4) 94/407 (23.1) 129/345 (37.4) 41.2
Refusing food or feeds 85/517 (16.4) 181/407 (44.5) 200/345 (58.0) 62.8
Difficult/laboured breathing 24/517 (4.6) 54/407 (13.3) 42/345 (12.2) 10.5
Diarrhoea 48/517 (9.3) 80/407 (19.7) 35/345 (10.1) 6.5
Sore throat 114/517 (22.1) 198/407 (48.6) 50/345 (14.5) 17.0
Tummy pain 68/517 (13.2) 95/366 (26.0) 12/250 (4.8) 5.7
Cough 221/517 (42.7) 268/407 (65.8) 6/345 (1.7) 1.9

aStandardised to UK case-fatality rates (CFR) using weighted mean frequency (CFR = 3.6% for all children <15 years; CFR =
3.2% when children <1 year are excluded). bAnalysed in children >1 year of age. cRash was defined as any type of rash, and in
the meningococcal dataset included all rash types mentioned by the parent and/or GP. While this estimate incorporates GP
input in some cases and could have overestimated its frequency in the meningococcal dataset (and/or underestimated its
frequency in children with minor infections), it is unlikely that a rash was reported by the GP but not reported at all by the
parent, and thus the estimated frequency is likely to be representative of parental reporting of this symptom.

Table 3. Frequency of presenting symptoms in children with minor non-febrile
infections, minor febrile infections, and meningococcal disease.
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febrile infections (5.7%), and cold hands and feet
were relatively uncommon (18.2%). Cold hands and
feet were reported in 21.0% (54/257) of children in
winter months, compared with 13.3% (20/150) of
children in non-winter months (χ2 P = 0.053).

Description of primary care presentation of
children with meningococcal disease
The frequencies of clinical features noted in the 345
children aged <15 years with meningococcal disease
are presented as unadjusted (observed) frequencies
as well as estimates adjusted for case-fatality rates
(Table 3). Most of the frequencies are lower in the
observed population than in the adjusted population,
with the exception of pale colour, difficult/laboured
breathing, and diarrhoea. As reported previously, the
majority of children with meningococcal disease had
non-specific symptoms such as fever, irritability,
nausea, or vomiting. Classic meningitic symptoms,
such as neck stiffness and photophobia, were found
in approximately one-quarter, and symptoms of cold
hands and feet, pale colour, and leg pain in one-
quarter to one-half of the children.

Comparison of symptom frequency between
children with minor febrile infection and
meningococcal disease
Diagnostic characteristics of individual symptoms
were calculated using contingency tables of children
with minor febrile infections versus the observed and
adjusted meningococcal disease frequencies.
Estimates of diagnostic accuracy are presented using
adjusted frequencies, which are likely to be more
conservative (results using the observed frequencies

are available from the authors). Drowsiness, rash,
nausea or vomiting, and irritability were moderately
sensitive for meningococcal disease (Table 4). Four
symptoms were highly specific (>90%) for
meningococcal disease: confusion, photophobia, leg
pain, and neck pain/stiffness. Symptoms that offered
positive LRs >5.0 (and are thus likely to be most
clinically useful), were: confusion (LR+ = 24.2), leg
pain (LR+ = 7.6), photophobia (LR+ = 6.5), rash
(LR+ = 5.5), and neck pain/stiffness (LR+ = 5.3). The
only symptoms that offered clinically useful negative
likelihood ratios (that is, LR– ≤0.3), were drowsiness
(LR– = 0.2) and rash (LR– = 0.3), suggesting their
absence could exclude or ‘rule out’ meningococcal
disease. Headache and pale colour provided no
discrimination between children with meningococcal
disease and those with minor febrile infection.
Several symptoms were much more frequent in

children with minor febrile illnesses. A cough was
present in approximately two-thirds (65.8%) and sore
throat in approximately half (48.6%) of children with
minor febrile infections, compared to 1.9% and
14.5% respectively of children with meningococcal
disease. Abdominal pain was present in 26% with
minor febrile illness compared to 4.8% with
meningococcal disease.
The study also explored differences in diagnostic

characteristics of individual symptoms in three age
groups: <1 year, 1–4 years, and 5–14 years (Table 5).
Photophobia and neck stiffness had larger positive
LRs in children aged <1 year and 1–4 years than in
those aged 5–14 years, but all had wide CIs. Rash
had a larger positive LR in older children than in
younger children and infants.

T Ali Haj-Hassan, MJ Thompson, RT Mayon-White, et al

Sensitivity, Specificity, Positive likelihood Negative likelihood
Symptom % (95% CI) % (95% CI) ratio (95% CI) ratio (95% CI)

Classic meningeal features
Photophobia 25.5 (20.2 to 30.8) 96.1 (94.2 to 98.0) 6.5 (3.8 to 11.0) 0.7 (0.7 to 0.8)
Neck pain or stiffness 30.3 (24.8 to 35.9) 94.3 (92.1 to 96.6) 5.3 (3.5 to 8.3) 0.7 (0.7 to 0.8)
Headache 35.1 (28.3 to 41.9) 64.5 (59.6 to 69.4) 1.0 (0.8 to 1.3) 1.0 (0.9 to 1.1)

Suggested ‘red flag’ features
Leg pain 43.8 (36.7 to 50.8) 94.3 (91.9 to 96.6) 7.6 (4.9 to 11.9) 0.6 (0.5 to 0.7)
Cold hands or feet 43.1 (37.1 to 49.1) 81.8 (78.1 to 85.6) 2.3 (1.9 to 3.0) 0.7 (0.6 to 0.8)
Pale colour 14.0 (9.8 to 18.3) 58.5 (53.7 to 63.3) 0.3 (0.2 to 0.5) 1.5 (1.3 to 1.6)

Other features
Confusion 46.4 (39.3 to 53.5) 98.1 (96.7 to 99.5) 24.2 (11.5 to 51.3) 0.5 (0.5 to 0.6)
Drowsy or very sleepy 85.5 (81.3 to 89.8) 65.1 (60.5 to 69.7) 2.5 (2.1 to 2.8) 0.2 (0.2 to 0.3)
Rash or new spots on skin 77.6 (72.5 to 82.7) 86.0 (82.6 to 89.4) 5.5 (4.3 to 7.1) 0.3 (0.2 to 0.3)
Nausea or vomiting 72.7 (67.3 to 78.1) 63.9 (59.2 to 68.5) 2.0 (1.7 to 2.3) 0.4 (0.3 to 0.5)
Irritable or miserable 72.6 (67.1 to 78.0) 47.7 (42.8 to 52.5) 1.4 (1.2 to 1.6) 0.6 (0.5 to 0.7)
General aching 41.2 (35.3 to 47.2) 76.9 (72.8 to 81.0) 1.8 (1.4 to 2.2) 0.8 (0.7 to 0.9)
Difficult/laboured breathing 10.5 (6.8 to 14.3) 86.7 (83.4 to 90.0) 0.8 (0.5 to 1.2) 1.0 (1.0 to 1.1)

Table 4. Diagnostic characteristics of symptoms for meningococcal disease,
comparing children with minor febrile infection (n = 407) versus case-fatality
rate-adjusted meningococcal disease (n = 345).
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DISCUSSION
Summary of main findings
This study provides the first quantification of the
diagnostic value of presenting symptoms for
meningococcal disease in children presenting with
acute infections in primary care. The frequency of
presenting symptoms in children with minor acute
infections was obtained using a cross-sectional
study, and these were compared with previously
reported frequencies in children with meningococcal
disease. Symptoms that are likely to be valuable as a
‘screening tool’ for febrile children in primary care
should ideally have a high sensitivity. Only
drowsiness was moderately sensitive (85%) for
meningococcal disease. By contrast, four symptoms

were found that were highly specific for
meningococcal disease: confusion (specificity
98.1%), photophobia (96.1%), neck pain/stiffness
(94.3%), and leg pain (94.3%). Of the symptoms
studied, only confusion (LR+ = 24), leg pain
(LR+ = 7.6), photophobia (LR+ = 6.5), rash (LR+ =
5.5), and neck pain/stiffness (LR+ = 5.3) provide
clinically useful positive LRs and can be considered
as ‘red flags’ for this illness. Headache, which is
often cited as part of the meningitic triad, and pale
colour, which had been reported as a potential ‘red
flag’, were both less frequent in children with
meningococcal disease than in those with minor
febrile infections. Cold hands and feet had a small
positive LR of 2.3.
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Age, Minor febrile Meningococcal disease, Sensitivity, Specificity, Positive likelihood Negative likelihood
Symptom years infections, % adjusted %a % (95% CI) % (95% CI) ratio (95% CI) ratio (95% CI)

Classic meningeal features
Photophobia <1 2.4 25.1 25.1 (15.1 to 35.1) 97.6 (92.8 to 102.3) 10.3 (1.4 to 74.2) 0.8 (0.7 to 0.9)

1–4 2.8 25.0 25.0 (17.1 to 32.9) 97.2 (95.0 to 99.4) 8.9 (3.8 to 20.7) 0.8 (0.7 to 0.9)
5–14 5.9 26.9 26.9 (16.7 to 37.1) 94.1 (90.4 to 97.8) 4.6 (2.2 to 9.6) 0.8 (0.7 to 0.9)

Neck pain or stiffness <1 1.2 16.3 16.3 (7.9 to 24.8) 98.8 (95.5 to 102.1) 13.7 (0.8 to 226.3) 0.8 (0.8 to 0.9)
1–4 2.3 29.1 29.1 (20.9 to 37.4) 97.7 (95.6 to 99.7) 12.4 (5.0 to 30.9) 0.7 (0.6 to 0.8)
5–14 11.8 47.0 47.0 (35.5 to 58.5) 88.2 (83.1 to 93.3) 4.0 (2.4 to 6.6) 0.6 (0.5 to 0.8)

Headache 1–4 18.5 21.9 21.9 (14.4 to 29.3) 81.5 (76.3 to 86.7) 1.2 (0.8 to 1.8) 1.0 (0.9 to 1.1)
5–14 59.5 56.7 56.7 (45.3 to 68.1) 40.5 (32.7 to 48.3) 1.0 (0.8 to 1.2) 1.1 (0.8 to 1.5)

Suggested ‘red flag’ features
Leg pain 1–4 3.3 31.7 31.7 (23.2 to 40.1) 96.7 (94.3 to 99.1) 9.6 (4.4 to 20.9) 0.7 (0.6 to 0.8)

5–14 9.2 63.3 63.3 (52.1 to 74.4) 90.8 (86.3 to 95.4) 6.9 (4.1 to 11.7) 0.4 (0.3 to 0.5)
Cold hands or feet <1 24.4 45.0 45.0 (33.5 to 56.4) 75.6 (62.5 to 88.8) 1.8 (1.0 to 3.3) 0.7 (0.6 to 1.0)

1–4 20.2 47.0 47.0 (37.9 to 56.0) 79.8 (74.4 to 85.2) 2.3 (1.7 to 3.2) 0.7 (0.6 to 0.8)
5–14 13.7 35.1 35.1 (24.1 to 46.1) 86.3 (80.8 to 91.7) 2.6 (1.5 to 4.2) 0.8 (0.6 to 0.9)

Pale colour <1 36.6 18.7 18.7 (9.8 to 27.7) 63.4 (48.7 to 78.2) 0.5 (0.3 to 1.0) 1.3 (1.0 to 1.7)
1–4 38.0 9.6 9.6 (4.2 to 14.9) 62.0 (55.5 to 68.5) 0.3 (0.1 to 0.5) 1.5 (1.3 to 1.6)
5–14 47.7 16.4 16.4 (7.9 to 24.9) 52.3 (44.4 to 60.2) 0.3 (0.2 to 0.6) 1.6 (1.3 to 1.9)

Other features
Confusion 1–4 2.3 44.2 44.2 (35.2 to 53.2) 97.7 (95.6 to 99.7) 18.8 (7.7 to 45.8) 0.6 (0.5 to 0.7)

5–14 1.3 49.9 49.9 (38.3 to 61.4) 98.7 (96.9 to 100.5) 38.1 (9.4 to 154.1) 0.5 (0.4 to 0.6)
Drowsy or very sleepy <1 31.7 87.7 87.7 (80.2 to 95.3) 68.3 (54.0 to 82.5) 2.8 (1.8 to 4.4) 0.2 (0.1 to 0.3)

1–4 36.2 88.7 88.7 (83.0 to 94.5) 63.8 (57.4 to 70.3) 2.5 (2.0 to 3.0) 0.2 (0.1 to 0.3)
5–14 34.0 78.2 78.2 (68.7 to 87.7) 66.0 (58.5 to 73.5) 2.3 (1.8 to 3.0) 0.3 (0.2 to 0.5)

Rash or new spots on skin <1 22.0 62.8 62.8 (51.7 to 73.9) 78.0 (65.4 to 90.7) 2.9 (1.6 to 5.2) 0.5 (0.3 to 0.7)
1–4 14.1 79.9 79.9 (72.6 to 87.2) 85.9 (81.2 to 90.6) 5.7 (4.0 to 8.0) 0.2 (0.2 to 0.3)
5–14 11.8 89.0 89.0 (81.8 to 96.2) 88.2 (83.1 to 93.3) 7.6 (4.9 to 11.8) 0.1 (0.1 to 0.2)

Nausea or vomiting <1 39.0 53.4 53.4 (41.9 to 64.8) 61.0 (46.0 to 75.9) 1.4 (0.9 to 2.1) 0.8 (0.5 to 1.1)
1–4 35.2 76.4 76.4 (68.6 to 84.1) 64.8 (58.4 to 71.2) 2.2 (1.8 to 2.7) 0.4 (0.3 to 0.5)
5–14 36.6 86.6 86.6 (78.7 to 94.4) 63.4 (55.8 to 71.0) 2.4 (1.9 to 3.0) 0.2 (0.1 to 0.4)

Irritable or miserable <1 63.4 85.0 85.0 (76.8 to 93.2) 36.6 (21.8 to 51.3) 1.3 (1.0 to 1.7) 0.4 (0.2 to 0.8)
1–4 63.8 76.4 76.4 (68.6 to 84.1) 36.2 (29.7 to 42.6) 1.2 (1.0 to 1.4) 0.7 (0.5 to 0.9)
5–14 33.3 53.8 53.8 (42.3 to 65.3) 66.7 (59.2 to 74.1) 1.6 (1.2 to 2.2) 0.7 (0.5 to 0.9)

General aching <1 12.2 22.4 22.4 (12.8 to 32.1) 87.8 (77.8 to 97.8) 1.8 (0.7 to 4.6) 0.9 (0.7 to 1.0)
1–4 17.4 39.3 39.3 (30.4 to 48.2) 82.6 (77.5 to 87.7) 2.3 (1.6 to 3.3) 0.7 (0.6 to 0.9)
5–14 34.0 63.4 63.4 (52.3 to 74.5) 66.0 (58.5 to 73.5) 1.9 (1.4 to 2.5) 0.6 (0.4 to 0.8)

Difficult/laboured breathing <1 19.5 16.0 16.0 (7.6 to 24.5) 80.5 (68.4 to 92.6) 0.8 (0.4 to 1.9) 1.0 (0.9 to 1.3)
1–4 14.1 9.3 9.3 (4.1 to 14.6) 85.9 (81.2 to 90.6) 0.7 (0.3 to 1.3) 1.1 (1.0 to 1.1)
5–14 10.5 6.8 6.8 (1.0 to 12.6) 89.5 (84.7 to 94.4) 0.7 (0.2 to 1.7) 1.0 (1.0 to 1.1)

aStandardised to UK case-fatality rates (CFR) using weighted mean frequency (CFR = 4.5% for children <1 year; 3.3% for children 1–4 years; 3.0% for children
5–14 years).

Table 5. Diagnostic characteristics of symptoms for meningococcal disease stratified by age.



Strengths and limitations of the study
The ideal study design for determining the diagnostic
characteristics of individual or combinations of
symptoms would be a prospective case–control
study of children with meningococcal disease and
controls with minor infections. However, this was not
part of the original meningococcal study, and is now
unlikely ever to be undertaken as it would be
logistically extremely difficult. The authors believe
that the two-sample comparison study design
presented here is adequate to guide clinicians
involved in first-contact care of children. While it
would have been possible to use various analytic
techniques to calculate the value of combinations of
the presence or absence of certain symptoms (or
create a clinical prediction rule), the researchers did
not feel that the limitations in the study design and
differences in the samples justified this approach.
However, the diagnostic characteristics of the
symptoms that have been presented are all in
children in whom parents also reported the presence
of fever, and thus represent simple symptom
combinations (for example, fever plus leg pain) that
are likely to be remembered by clinicians in practice.
The study has several limitations. First, the children

were recruited from 15 practices in relatively more
affluent areas of the UK and may not be representative
of children whose parents reside in more deprived
areas or those who access different types of primary
care (for example, telephone triage such as NHS
Direct or NHS 24). However, the age range and
diagnoses of these children are consistent with similar
studies, and unlikely to vary within the UK.
Second, the inclusion criteria for children with acute

infection was broad; thus, only 407 of the 924 children
recruited actually had a parental report of fever.
However, given that almost all children with
meningococcal disease present with fever, the authors
feel that the group of children with febrile minor
infections is the most appropriate comparison group.
Parental report of fever, rather than the presence of
elevated temperature recorded at the GP surgery was
deliberately used to define a febrile illness, partly
because GPs recorded a value for temperature only
rarely in their records, and also because the authors
were confident that most parents are able to identify
fever in their child.
Third, the study is open to differential recall bias.

Parents in the meningococcal disease study were
interviewed a median of 4 months after their child had
been admitted to hospital (or died), which could lead
to underestimates of symptom frequencies. In
contrast, the study data from primary care on minor
illnesses were collected at point of care and thus
subject to less recall bias. Assuming that the
symptoms of interest are more common in children
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with meningococcal disease, this differential recall
would tend to underestimate any differences in
symptom frequencies between children with minor
infection and those with meningococcal disease.
Thus, for most of the symptoms, the study estimates
are likely to be conservative.
Fourth, the case-fatality rate-adjusted

meningococcal disease symptom frequencies were
chosen for the comparison group, rather than
observed frequencies. Again, this would tend to
underestimate the diagnostic characteristics of most
of the symptoms. Finally, the study did not recruit
enough young people aged 15–16 years, and thus it
was not possible to determine the diagnostic
characteristics of symptoms in this important age
group.

Comparison with existing literature
Parents of children with acute illnesses are often
caught in a dilemma of worrying about the possibility
of serious infection in their child, while trying to avoid
seeking medical help unnecessarily.12–15 Symptoms
that concern parents the most include fever, cough,
rash, change in behaviour, and increased severity of
illness, particularly in younger children.12,14 The
findings of the present study suggest that parents
are correct to be worried about rash, photophobia,
neck pain/stiffness, or change in behaviour in a
febrile child, particularly if the latter involves
drowsiness or confusion. However, the authors
would add leg pain, and possibly cold hands and
feet, to the list of ‘red flag’ symptoms that should
alert parents.
The study data support many of the findings of

previous descriptions of the early presentation of
meningococcal disease.7,16 These consistently show
that the pathognomonic haemorrhagic rash is only
present in about half of children prior to hospital
admission, that most children will have non-specific
features, and that classic meningitic symptoms may
not be present in the early stage of the illness.7

Granier and colleagues’ qualitative study of how GPs
recognise children with meningococcal disease
noted the importance of clinical features that are
unusual in children with minor illnesses, such as
lethargy, poor eye contact, and altered mental status,
as well as pale colour.17 In the authors’ previous
study, the clinical features of cold hands and feet,
pale colour, and leg pain were highlighted as early
markers of sepsis.1

The new results confirm that symptoms of leg pain,
confusion, neck pain/stiffness, and photophobia are
very rare in children with minor febrile illnesses, while
others such as headache and pale colour do not
appear to discriminate, and cold hands and feet offer
limited discrimination, particularly in infants. It is
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possible that parents’ interpretation of pale colour or
cold hands and feet was different in the two studies
reported here, and that this term is used more as a
marker of general illness by parents, rather than
indicating poor peripheral circulation.

Implications for clinical practice
Serious bacterial infections are now extremely rare in
economically developed countries.18 However, high-
profile cases suggest that delayed diagnosis of
meningococcal disease still occurs, emphasising the
challenge of recognising serious infections in
children and young people at an early stage. Parents
use a wide variety of sources of information to help
guide them when they have a sick child, including
their social network, written information, websites,
and health professionals.13 The findings of this study
should be used to strengthen these information
sources. It must be acknowledged that the two-
sample study design was pragmatic, and that the
confidence intervals for several of the diagnostic
values of symptoms are wide. However, for
clinicians, there are surprisingly few published data
on the diagnostic value of presenting symptoms.
The findings of the present study should be used

as evidence to support (or modify) triage protocols
used by telephone, or face to face, by clinicians to
guide assessment of children with acute infections.
In a child with an acute febrile illness, confusion, leg
pain, photophobia, rash, and neck pain/stiffness
have clinically useful LRs and, when present, they
should usually prompt a face-to-face assessment,
unless another cause of these symptoms is obvious.
The results of this paper provide evidence for a more
targeted approach to identifying febrile children who
may be at risk for meningococcal disease.
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