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Abstract
Aims—To establish criteria for early dis-
tinction between meningococcal disease
and other conditions with similar clinical
features, and to identify other causes for
haemorrhagic rashes accompanied by
fever.
Methods—In a prospective study, 264 in-
fants and children hospitalised with fever
and skin haemorrhages were studied.
Results—We identified an aetiological
agent in 28%: 15% had meningococcal dis-
ease, 2% another invasive bacterial infec-
tion, 7% enterovirus infection, and 4%
adenovirus infection. Five clinical vari-
ables distinguished between meningococ-
cal disease and other conditions on
admission: (1) skin haemorrhages of char-
acteristic appearance; (2) universal distri-
bution of skin haemorrhages; (3)
maximum diameter of one or more skin
haemorrhages greater than 2 mm; (4)
poor general condition (using a standard-
ised observation scheme); and (5) nuchal
rigidity. If any two or more of these
clinical variables were present, the prob-
ability of identifying a patient with menin-
gococcal disease was 97% and the false
positive rate was only 12%. This diagnostic
algorithm did not identify children in
whom septicaemia was caused by other
bacterial species.
(Arch Dis Child 2001;85:160–165)
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The simultaneous presence of fever and skin
haemorrhages in a child always raises the
suspicion of meningococcal disease (MD).
While patients with nuchal rigidity or with ful-
minant purpura and circulatory collapse leave
little doubt about appropriate therapeutic pro-
cedures, those with only small skin haemor-
rhages and relatively good general condition
represent the real diagnostic challenge and
there is a distinct need for a simple algorithm to
identify those with meningococcal disease.

In the three published studies of children
with fever and petechiae,1–3 the frequency of
MD varied widely—from 0.5% to 10%.
Among children admitted to hospital with an
acute febrile illness and petechiae, 11–19% had
an invasive bacterial infection, most often MD.
In the majority, the aetiology remained un-
known, but was assumed to be viral.1 2

This prospective and non-interventional
study had two main purposes: (1) to develop an
algorithm for prediction of MD in children

with fever and skin haemorrhages; and (2) to
elucidate the aetiology of disease in those with-
out MD.

Patients and methods
PATIENTS

Each of the five participating paediatric depart-
ments enrolled consecutive patients for exactly
24 months, between September 1993 and June
1996. The paediatric population at risk was
203 000.

Inclusion criteria were: (1) presence of
haemorrhages in the skin, irrespective of size,
detected at admission or during the stay in
hospital; (2) rectal temperature above 38°C at
some time within the 24 hours before inclu-
sion; and (3) age greater than 1 month and less
than 16 years.

There was only one exclusion criterion: if a
child was admitted twice during the study
period and fulfilled the inclusion criteria on
both occasions, only the first admission was
included in the study (there were two such
children, neither of whom had MD).

The patients were classified into seven
groups as described in table 1. If a patient ful-
filled the criteria for inclusion in more than one
group, the classification was hierarchic—that
is, the patient was included in the lowest num-
bered applicable group. All patients included in
this study were considered to have illness clini-
cally compatible with MD.

Meningococcal disease
Cases of MD were defined according to the
recommendations used by the British health
authorities,4 but with the following modifica-
tions: the diagnosis of probable cases de-
manded demonstration of meningococcal anti-
gen or antimeningococcal antibodies as

Table 1 Diagnostic classification of the 264 patients

Group
no. Definition Number

Median
age (mth)

1 Meningococcal disease,
confirmed

29 30

2 Meningococcal disease,
probable

10 26

3 Invasive bacterial infection,
excluding MD

6 14

4 Enterovirus infection 18 21
5 Adenovirus infection 11 22
6 No invasive bacterial disease* 140 27
7 InsuYcient information† 50 18

For statistical analyses, groups 1 and 2 were pooled and
compared to groups 4–6, pooled. The latter group of 169 chil-
dren were considered to be without invasive bacterial infection.
*Either no bacteria in cultures from blood or spinal fluid and no
antibiotic treatment prior to culture; or no blood culture, but
spontaneous recovery—that is, no antibiotic treatment before or
during hospitalisation.
†Either antibiotic treatment prior to blood culture; or no blood
culture, but treated with antibiotics.
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described below; and the category of “possible
cases” was not used.

+ Confirmed case: clinical diagnosis of
meningitis or septicaemia confirmed by
culture of Neisseria meningitidis from
blood and/or spinal fluid

+ Probable case: clinical diagnosis of men-
ingitis or septicaemia without culture
confirmation, but defined by a significant
increase in meningococcal antibody titres
(see below), or a high antibody titre in a
single serum sample drawn during the
second or third week after onset of
disease, and/or demonstration of sero-
group A or C meningococcal capsular
polysaccharide in the acute serum sample
by counterimmunoelectrophoresis.

The completeness of patient inclusion could
only be estimated for those with MD, because
data from three diVerent systems of registration
were available: (1) the clinical departments’
diagnostic files; (2) the national compulsory
notification of bacteriologically verified and
clinically suspected cases of MD; and (3) a
national laboratory surveillance system includ-
ing all meningococci isolated from patients
with MD.

Enterovirus (EV) and adenovirus (AV)
infections were defined by demonstration of
EV in serum, of EV or AV in throat culture, or
seroconversion for EV antibodies.

METHODS

Clinical examination at inclusion
Examinations were recorded on preprinted
study forms. They included information from
the case history and a standardised physical
examination which was repeated 6–24 hours
later. Table 2 lists the observations. In the physi-
cal examination, special emphasis was placed on
a description of the skin haemorrhages. The cli-
nician decided whether their appearance
matched none, one, or several of the seven types

which were printed on the study form (see fig 1;
types 1–7 correspond to A–G in the figure). The
maximum diameter of the largest haemorrhage
was measured with a ruler printed on the study
form. Also, their number and distribution above
and below the nipple line was documented. For
evaluation of the general condition, a simple
system adapted from McCarthy and colleagues,5

was used (table 3).

Clinicopathological tests at inclusion
Table 2 shows the routine tests. Decisions
regarding supplementary tests and treatment
were at the discretion of the physician in
charge.

Microbiological tests
Blood cultures were performed on inclusion.
Sera were examined for meningococcal, pneu-
mococcal, and Haemophilus influenzae capsular
antigens,6 meningococcal7 8 and EV antibodies,
and EV RNA by polymerase chain reaction
(PCR). Throat swabs from both tonsils were
cultured for meningococci,9 10 EV, and AV.
Convalescent sera, obtained 8–21 days after
inclusion, were tested for antibodies against
meningococci and EV.

Antigen detection—All serum samples col-
lected at inclusion were examined for meningo-
coccal serogroups A and C capsular polysac-
charide antigen, H influenzae type b capsular
polysaccharide antigen, and 23 types of pneu-
mococcal capsular polysaccharide antigen,
using counterimmunoelectrophoresis.6

Meningococcal antibodies—All acute and con-
valescent sera were investigated for meningo-
coccal antibodies by the meningococcal anti-
body test (MAT) and for antibodies directed
against meningococcal capsular polysaccha-
rides, serogroups B and C at the Neisseria
Department, Statens Seruminstitut. The MAT
is an in-house complement fixation test using a
pool of heat treated whole meningococcal cells
as antigen and fresh guinea pig serum as com-
plement source. In 90% of patients with
confirmed MD, seroconversion or a significant
increase in antibody titres can be shown 10–15
days after onset of disease.7 10 Antibodies
against serogroups B and C capsular polysac-
charides were shown by an in-house enzyme
linked immunosorbent assay (ELISA) as de-
scribed elsewhere.7 Serogroup specific IgM
and/or IgG antibodies can be shown in
79–96% of patients with confirmed MD.

Virus isolation was performed from throat
swabs using three diVerent cell types: primary
monkey kidney cells; rhabdomyosarcoma cells;
and human line cells. Enterovirus IgG antibod-
ies were detected by an indirect ELISA using a
synthetic peptide (PALTAVETGATNPL) as
antigen.11 For Enterovirus PCR, RNA was
extracted from 100 µl serum using a Qiagen
RNeasy Total Kit. The primers and the PCR
method have been described by Nicholson and
colleagues.12

STATISTICS

Medians were used to describe the central ten-
dency of the various distributions. Compari-
sons between distributions were based on the

Table 2 Univariate analysis of explanatory variables, obtained at inclusion, in 39 patients
with meningococcal disease and 169 patients without invasive bacterial disease

Meningococcal
disease

No invasive
bacterial
disease

Significance of
diVerence
(p value)Explanatory variables (n = 39) (n = 169)

Case history prior to inclusion
Fever, median duration (h) 21 24 n.s.
Skin haemorrhages, median duration (h) 9 12 n.s
Antibiotic treatment 23% 2% <0.001
Coughing 15% 37% <0.05
Vomiting 44% 40% n.s

Physical signs at inclusion
Median temperature (°C) 40.0 39.0 <0.01
Nuchal rigidity 41% 3% <0.001
General condition, median sum of scores 6 9 <0.001

Skin haemorrhages
Individuals with >20 skin haemorrhages 74% 51% <0.05
Maximum diameter >1 mm* 95% 22% <0.001
Maximum diameter >2 mm* 74% 8% <0.001
Universal distribution 92% 40% <0.001
Skin haemorrhages of types C–E (fig 1) 82% 7% <0.001

Blood tests at inclusion
Leucocytes,109/l, median 16.5 11.6 <0.01
Neutrophil band forms,109/l, median 1.8 0.3 <0.001
Neutrophils, segmented,109/l, median 10.8 5.6 <0.01
Platelets,109/l, median 226 288 <0.05
CRP, mg/l, median 109 20 <0.001
APTT, % prolonged 23% 11% n.s.

Variables selected for logistic regression analysis are italicised.
*A single lesion of this size was suYcient for this classification.
APTT, activated partial thromboplastin time; CRP, C reactive protein.
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Wilcoxon two sample test. Proportions were
compared by a ÷2 test with Yates’s correction or
by Fisher’s exact test. Logistic regression was
used to elucidate the diagnostic value of a
number of clinical and laboratory parameters,
the impact of each variable being expressed as
odds ratios in a model with all significant vari-
ables entered. For small probabilities the odds
ratio is approximately equal to the relative risk,
which expresses the risk of being in the MD
group relative to the risk of being in the
non-MD group when the corresponding clini-
cal sign or laboratory variable is positive.

Results
A total of 264 patients with fever and skin
haemorrhages were included in the study (table
1). Two children died, one as a result of vascu-
litis of unknown aetiology, and one as a result
of pneumococcal meningitis.

Figure 2 shows the aetiologies and suggested
pathophysiological mechanisms of all 264 chil-
dren. We identified an aetiological agent in only
28%. In a similar proportion we found a
pathophysiologicalexplanation:23%hadmicro-
petechiae only above the nipple line, and had
either coughed or vomited. Henoch–Schönlein
purpura was present in 4%. In 45% we found
no explanation of the skin haemorrhages.

Among the 264 patients, blood culture was
performed in 84%, a complete set of case
history information was obtained in 69%, a
complete physical examination in 86%, and a
complete set of clinicopathological tests in
67%. Lumbar puncture was performed in
32%.

MENINGOCOCCAL DISEASE (N = 39; TABLE 1,
GROUPS 1 AND 2)
The completeness of patient inclusion was
estimated for those with MD. Forty one
children who fulfilled the inclusion criteria
were identified from the registers; 39 of them
were included. Two were not included as a
result of an error, one of whom died.

Thus 39 patients included in the study had
MD: 29 confirmed and 10 probable cases.
There were no deaths. In the confirmed cases,
the general condition was worse and meningi-
tis was more common than in the probable
cases, but there were no other major diVerences
between the two groups. Nine of the 39
patients had been treated with antibiotics prior
to admission. All were treated with intravenous
antibiotics in hospital, although this was
delayed until after the first clinical examination
in five. Throat culture was positive for menin-
gococci in 5/30 of those with MD and in 3/145
of those without MD (p < 0.01).

Among the 10 probable cases of MD, nine
showed a significant increase in MAT titre, and
one had a high MAT titre in a single serum
sample. In four of these 10 patients, a
significant increase in antibody titre to capsular
polysaccharides was also shown.

Figure 1 Clinical photos on the study form. The photos are from patients with:
micropetechiae (A), type 1; thrombocytopenia (B), type 2; meningococcal disease (C–E),
types 3–5; Henoch–Schönlein purpura (F,G), types 6 and 7.

Figure 2 Aetiology or suggested pathophysiological
mechanisms in 264 children with fever and skin
haemorrhages.

2%
other
invasive
bactera

4%
Henoch–Schönlein
purpura

23% micro-
petechiae
confined to the
cava sup. region
preceded by
vomiting or
coughing

15% MD

4%
AV

7%
EV

45% unknown
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Meningococcal serogroup C antigen was
found in the serum of three of nine confirmed
serogroup C cases.

SEPTICAEMIA OR MENINGITIS WITH OTHER

BACTERIAL SPECIES (N = 6; TABLE 1, GROUP 3)
One patient had pneumococcal meningitis and
died. Five had septicaemia, caused by pneumo-
cocci in two, group A streptococci in one,
group B streptococci in one, and Salmonella
enteritidis in one. Capsular polysaccharide from
H influenzae type b or Streptococcus pneumoniae
was not found in any of the acute phase sera.
With the exception of the patient with menin-
gitis, the general condition of these six patients
at admission was good: in five the sum of scores
(table 3) exceeded 6, and the skin haemor-
rhages were few, small, and of type A (fig 1).
Nevertheless, four started intravenous anti-
biotic treatment at the first clinical examina-
tion.

ENTEROVIRUS AND ADENOVIRUS INFECTIONS

(N = 29; TABLE 1, GROUPS 4 AND 5)
EV and AV were isolated from the throats of 15
and 11 patients, respectively, of 211 patients
tested. Another three patients, of 93 tested,
seroconverted for EV IgG antibodies. These 29
patients were considered to have had an acute
viral infection as the cause of their disease, cor-
responding to a prevalence of 11%. Clinically,
the children’s general condition was good, and
in the majority the skin haemorrhages were
universally distributed micropetechiae. Entero-
virus RNA was not detected in any of 129
serum samples tested.

INSUFFICIENT INFORMATION (N = 50; TABLE 1,
GROUP 7)
In 50 children invasive bacterial infection could
not be excluded owing to antibiotic treatment
prior to admission or lack of blood culture. In

41 of them a test for bacterial antigens in the
initial blood sample and/or a test for anti-
meningococcal antibodies in convalescent
serum were performed, in all cases with
negative results.

DIAGNOSTIC ALGORITHM FOR MD

The comparisons shown in tables 2 and 4 are
between the 39 individuals with MD and the
169 without invasive bacterial infection
(groups 4–6, table 1). The six with other inva-
sive bacterial infections and the 50 with insuf-
ficient information were excluded from these
analyses.

In order to rate the diagnostic importance of
the clinical signs seen at admission, we
performed a logistic regression analysis using
clinical variables selected from table 2 as
explanatory variables, and presence or absence
of MD as the response variable to be predicted.
Each of the five clinical variables listed in table
4 independently predicted the presence or
absence of MD as shown by the odds ratios
given in the table.

As the five clinical variables had odds ratios
of the same approximate magnitude, we
designed an index (varying from 0 to 5) which
simply counts the number of the five explana-
tory variables which were positive. The sensi-
tivity and false positive rates of a diagnostic
algorithm based on the index, when diVerent
numbers of positive variables were used were:
>1, 97%, 49%; >2, 97%, 12%; >3, 82%,
5%.These figures should be compared to what
was actually done; 87% (34/39) and 23% in the
two groups did receive intravenous antibiotics
at the first clinical examination, before any
laboratory results were available.

A standard physical examination was re-
peated between six and 24 hours after inclusion
in each case. The only patient with MD who
did not meet the clinical criterion for treatment
at inclusion (two or more positive signs), did so
at the second physical examination seven hours
later. At the first examination, he had only
three micropetechiae in the face, and his
general condition was good.

Among the laboratory test results performed
within a few hours (table 2), leucocyte count,
neutrophil counts, platelet count, and C
reactive protein (CRP) were selected for
regression analysis. Among these, only the
absolute band count and the CRP concentra-
tion significantly predicted MD (table 4).

The algorithm was not useful for the diagno-
sis of invasive bacterial infections other than
MD (n = 6, group 3, table 1) as only 2/6 had an
index >2.

Discussion
In this prospective study of 264 infants and
children hospitalised with fever and skin haem-
orrhages, we present an analysis of the
microbiological aetiology and a proposal for a
diagnostic algorithm for the clinical diagnosis
of MD; simple clinical observations had a high
discriminatory power. We believe that our use
of serology, especially the meningococcal anti-
body test7 8 made the identification of culture
negative cases of MD more reliable than in

Table 3 Scoring of general condition

Points scored

Variables

Level of consciousness and
reaction to surroundings

Spontaneous motor
activity

Skin colour and
circulation

3 Normal (awake—or if
asleep—easy to wake up and
stays awake)

Normal Pink

2 Moderately reduced (reacts
to surroundings, but does
not stay awake)

Slightly reduced Hands and feet pale
or cyanotic

1 Severely reduced (no or only
brief reaction to stimuli)

Severely reduced Pale or cyanotic or
grey or mottled

The sum of scores, varying from 3 to 9, is the measure of the patient’s general condition.

Table 4 Logistic regression analysis with selected explanatory clinical and laboratory
variables from table 2

Explanatory variable p value
Adjusted odds
ratio 95% CI

Skin haemorrhages, type C, D, or E (fig 1) 0.002 11.2 2.5 to 50.7
Universal distribution of skin haemorrhages 0.036 5.1 1.1 to 23.7
Maximum diameter of skin haemorrhages >2 mm 0.012 7.0 1.5 to 32.0
General condition, score <7 0.001 14.0 3.1 to 62.6
Nuchal rigidity 0.040 6.9 1.1 to 44.0
Neutrophil band forms >0.5 × 109/l 0.002 38.3 3.8 to 385.1
CRP >68 mg/l* 0.0001 12.4 4.7 to 32.7

The response variable is presence or absence of meningococcal disease.
The two regression analyses—of the clinical and the laboratory variables—were separate.
*68 mg/l equals 500 nmol/l. The logistic regression analysis was repeated with 136 mg/l as cut oV
point; the results were similar.
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earlier studies.1–3 The experience with the anti-
gen and antibody assays used have been
described elsewhere.6–8 PCR assays for menin-
gococcal DNA13 were not available at the time
of our study, but once they become routinely
and rapidly available, may prove useful for vali-
dation of our algorithm.

We used our own severity score system,
adapted from McCarthy and colleagues,5

rather than an established one such as the
Glasgow or PRISM score, because only a
minority of our patients were expected to have
MD and we needed a generally applicable
score that was easy to use.

Earlier studies of children with fever and
petechiae1–3 are not directly comparable to our
study, either because of exclusion of those with
shock2 or large skin haemorrhages,1 2 or, in one
study, because outpatients were included.3 In
those studies the frequency of MD varied
widely, from 0.5% to 10%, as did the frequency
of septicaemia with other bacterial species
(1–4%).1–3

In our series the other invasive bacterial spe-
cies encountered were predominantly strepto-
cocci, including pneumococcus. Skin haemor-
rhages occur with a much lower frequency in
septicaemia with organisms other than menin-
gococci, and the mechanism of their develop-
ment may be quite diVerent—they certainly
look diVerent from those caused by MD. This
may be the main reason why our diagnostic
algorithm, mainly based on the appearance of
skin haemorrhages, was ineYcient for the diag-
nosis of septicaemia other than MD.

It is likely that the great majority of our
patients had an infectious disease, but we only
identified the aetiological agent in 28% (fig 2).
EV or AV were causes of disease almost as often
(11%) as meningococci (15%), while other
invasive bacteria accounted for only 2%. These
prevalences are minimum estimates as the
common denominator will be less than 264 in
the diVerent groups of patients as a result of
incomplete microbiological studies and anti-
biotic treatment prior to inclusion.

It is well known that EV and AV may give rise
to fever and skin haemorrhages in children.14–17

In this study, we have considered the isolation
of virus from throat swabs and/or a seroconver-
sion for EV antibodies as causally related to the
illness, but there is some uncertainty, especially
in the case of AV.15 17 The symptoms were non-
specific and it was not possible to make a clini-
cal diagnosis of AV and EV infection.

We found a large group of infants with
micropetechiae in the superior vena cava
distribution consequent on vomiting or
coughing—a characteristic clinical picture fa-
miliar to all paediatricians. However, vomiting
is also common prior to admission in MD
(table 2).

Our data provide an opportunity to describe
and formalise a simple diagnostic algorithm.
Five clinical variables from table 2 were
selected for further analysis; all independently
predicted the presence or absence of MD
(table 4). If two or more of them were positive,
the probability of MD was very high, and rela-
tively few cases without MD would be treated.

Three of the predicting variables were charac-
teristics of the skin haemorrhages (appearance,
size, and distribution), showing the importance
of this clinical feature. However, assessment of
their appearance is diYcult for the inexperi-
enced clinician. Perhaps the clinical photo-
graphs we used (fig 1) could be improved: there
were two pictures of large purpuric lesions, but
no picture of the early “flea bitten” maculopa-
pular rash.18 As the formulation of our
diagnostic algorithm has been generated from
our clinical data, it would be preferable if its
performance were tested in an independent
study. There is one very important proviso to
its use: it does not predict septicaemia or men-
ingitis caused by other bacteria—thus these
conditions must still be considered in children
with scores of 0 or 1 in the diagmostic
algorithm.

Laboratory tests may also assist in the
decision on treatment. The absolute band
count and the CRP were useful (table 4). Other
laboratory tests (table 2) may be useful for
evaluation of the severity of MD, but are of lit-
tle assistance when the diagnosis is in doubt in
children with fever and skin haemorrhages.
Previous studies of children with fever and
petechiae1–3 also evaluated the laboratory tests
and emphasised the importance of the band
count1 19 and the CRP concentration on
admission.19 20

In the present study culture of throat swabs
for meningococci was of little predictive value,
as it was only positive in 17% of those with
MD; however, this investigation can occasion-
ally be useful in assisting later management
decisions.

In conclusion, we have characterised a
population of infants and children hospitalised
with fever and skin haemorrhages. We suggest a
simple diagnostic algorithm for identification
of those with MD. Those who are not given
antibiotics may be observed in hospital, and
treated if they subsequently fulfil the clinical
criteria. However, the algorithm did not
identify children who had septicaemia or men-
ingitis caused by other bacterial species.
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Headache classification

According to the 1988 classification of the International Headache
Society (IHS) there are 13 diVerent types of headache, the main ones
being migraine with aura, migraine without aura, and tension
headache. The suitability of this classification for paediatrics and the
nosological integrity of the various types have been much debated.
Workers in Milan (Livia N Rossi and colleagues. Developmental Medi-
cine and Child Neurology 2001;43:45–51) have tried to distinguish
between migraine without aura and tension headache in children,
without much success.

To reach a diagnosis of migraine using the IHS criteria there must
be: at least five attacks, attacks lasting for two hours or more, nausea or
vomiting and/or photophobia plus phonophobia, and at least two of
four other criteria (unilateral headache, pulsating character, moderate
or severe intensity, aggravation by walking upstairs). They compared
this system with one introduced for use in children by Seshia et al in
1995. (The changes from the IHS system were: duration of attacks one
hour or more, nausea, vomiting, photophobia, or sonophobia should be
severe, and moderate to severe abdominal pain might replace nausea or
vomiting, and the four other criteria might include bilateral headache,
first degree family history of migraine, and aggravation by other forms
of exercise.) Three hundred and twenty children aged 3–14 years
(mean 10 years) with recurrent or chronic headache (or both) had their
headaches classified by both systems. With either system 291 children
(91%) had either migraine without aura or tension headache or both.
Thirteen had migraine with aura and 16 were unclassifiable. The Ses-
hia system classified more as migraine without aura (186 v 129) and
fewer as tension headache (52 v 75) or both (53 v 87). Duration of
attacks and aggravation by exertion were not found to be helpful crite-
ria and it is suggested that they should be dropped. Pulsating quality
was not a helpful criterion in younger children.

Rossi and colleagues question whether it is appropriate to
distinguish between migraine without aura and tension headache in
children. They support the theory that migraine with aura, migraine
without aura, and tension headache are one end, the middle, and the
other end of a spectrum of disorders and that individual children may
have symptoms suggestive of each of the three at various times. On the
whole, children with less severe headaches tend to be classified in the
tension headache group.

Where all this gets us as regards treatment options seems unclear.
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