Meningitis in infancy: A five year follow-up

A thesis presented for the degree of
Doctor of Philosophy
University of London

Helen Elizabeth Bedford
Institute of Child Health

2000

ProQuest Number: 10631517

All rights reserved
INFORMATION TO ALL USERS
The quality of this reproduction is d e p e n d e n t upon the quality of the copy subm itted.
In the unlikely e v e n t that the a u thor did not send a c o m p le te m anuscript
and there are missing pages, these will be noted. Also, if m aterial had to be rem oved,
a n o te will ind ica te the deletion.

uest
ProQuest 10631517
Published by ProQuest LLC(2017). C opyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C o d e
M icroform Edition © ProQuest LLC.
ProQuest LLC.
789 East Eisenhower Parkway
P.O. Box 1346
Ann Arbor, Ml 4 8 1 0 6 - 1346

Meningitis in infancy: A five year follow-up

A bstract
The aim of the thesis is to describe the consequences of meningitis experienced by
children in the first year of life. One thousand five hundred and eighty four children
who suffered meningitis infancy and were identified through an active reporting
system, were followed up at five years of age, together with a comparison group
matched for age, sex and general practitioner. Information on their health and
development was by collected by postal questionnaire from GPs and parents for both
groups of children. A particular focus of this study was the consequences of bacterial
meningitis in the first year of life. At five years of age, the majority of children in the
meningitis group were reported to have no health and development problems, or to
have only minor conditions that are prevalent in the childhood population. However,
in all domains the children in the meningitis group were at increased risk of problems.
This was particularly true with respect to motor deficits (RR 8.6) and learning
problems (RR 7.0); the relative risk of sensori-neural hearing loss for children who
had meningitis in infancy was 22.8. On the basis of the information received from '
both sources, children were assessed according to the severity of their disability.
Overall, 5.8% of children in the meningitis group had severe multiple disabilities at
five years of age. For children who had suffered bacterial meningitis, the rate was
4%.

Factors found to be associated with a poor outcome at five years included

prematurity, low birthweight, age at meningitis, coma and convulsions on admission.
After controlling for all other significant factors, coma on admission and acute
complications remained independent risk factors for poor outcome at five years. The
findings confirm the deleterious effects of meningitis in the first year of life, and
highlight the importance of careful assessment of children who have experienced the
infection.
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Chapter 1

Meningitis in childhood: An overview

1.1 Introduction
Bacterial meningitis in childhood is a potentially devastating condition. Although
relatively rare compared with other childhood illnesses, it has a very high profile
among both health professionals and parents in view of its often rapid onset, and its
ability to kill or permanently damage a previously healthy child within a few hours.
Surveys conducted annually among parents between 1991 and 1996 indicate that of
all the childhood diseases, they perceive meningitis to be the most serious
(unpublished, Health Education Authority, 1996) and that when children are ill, the
possibility that it may be meningitis is a major concern (Kai, 1996).

In an era when many childhood infectious diseases are nearing elimination due to
immunisation, bacterial meningitis remains a serious threat. Despite better
awareness of the disease, the availability of increasingly potent antibiotics and
improvements in intensive care, the morbidity and mortality associated with
bacterial meningitis has changed little over the last 20 years (Heyderman et al,
1993). At present, primary prevention is the most effective means of reducing the
damage caused by this disease.

Meningitis may be caused by a multiplicity of organisms and each type has a distinct
pattern, affecting individuals at different ages. However, meningitis from all causes
is most common in the first year of life and it is particularly important that the
consequences of the infection at this young age are understood.
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This thesis describes a national prospective study, undertaken between 1990-94 to
determine the long term sequelae of meningitis among a cohort of children who
acquired their infection under one year of age. Particular focus is given to the
outcome of meningitis due to the three major bacterial causes: Haemophilus
influenzae, Neisseria meningitidis and Streptococcus pneumoniae.

In the UK, prior to the introduction of a vaccine, Haemophilus influenzae type b
(Hib) was the most important cause of meningitis in children under five years of age
and the most important cause of bacterial meningitis in the USA among all age
groups (Shapiro and Ward, 1991). Due to the success of immunisation in reducing
the incidence of Hib disease, Neisseria meningitidis is now the overall most
important cause of bacterial meningitis among young children in the Western World
(Cartwright, 1995b).

14

1.2 Historical perspective
It seems probable that meningitis has always affected mankind. Anderson (1984)
reviewed the major aspects of bacterial meningitis and observed that even the early
physicians such as Hippocrates, Galen and Rhazes described conditions that are now
recognised to be meningitis. The term meningitis was first used by Herpin in 1803
but it was not until Weichselbaum discovered the meningococcus in 1887 that an
understanding of the aetiology of the disease developed. Diagnosis improved
following the introduction of lumbar puncture by Quincke in 1891. This

enabled

examination of the cerebrospinal fluid and subsequently it was established that
chemical analysis of the fluid also had clinical value (Anderson, 1984).

1.2.1 Haemophilus influenzae type b
Haemophilus influenzae type b was first described in 1892 by Robert Pfeiffer
who noted its presence in the purulent sputum of patients suffering from
influenza. He suggested that it was the cause of influenza but it was not until the
influenza pandemic of 1918 that bacteriologists established the causal organism
of influenza to be in fact viral (Cochi and Ward, 1991).

In the 1930s Margaret Pittman demonstrated that the bacterium H. influenzae, a
small gram-negative coccobacillus, existed in capsulated and unencapsulated
(non-typable) forms. Unencapsulated strains of H. influenzae commonly cause
otitis media, bronchitis and sinusitis, but only rarely are they responsible for
invasive infections, which occur primarily in neonates, the elderly and in children
in non-industrialised countries (Cochi and Ward, 1991).
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The encapsulated strains are further subdivided into six capsular types (types a-f),
based on the antigenic specificity of their capsule. Pittman established that
virtually all H. influenzae isolates from CSF and blood were of the capsular type
and that most serious, invasive, bacteraemic infections of infants were caused by
encapsulated type b strains (Shapiro and Ward, 1991). She also identified the
composition of the capsule as a polymer of ribosyl ribitol phosphate,

which is

often referred to as PRP, and is a major virulence factor (Moxon, 1991).

Meningitis is the most common manifestation of infection with this organism
although it may also cause epiglottitis, septic arthritis, pneumonia or cellulitis
(Ward et al, 1994). Studies have shown that antibodies to Hib rise during
childhood, and peak at 6-12 months, despite the fact that most children do not
contract the disease. This is a result of pharyngeal colonisation and, in contrast to
the development o f immunity to a viral disease such as measles, natural immunity
appears to occur by the age of 5 or 6 years in the absence of direct interaction with
the organism (Robbins and Schneerson, 1987).

The impact of vaccine induced immunity on the natural acquisition of immunity is
not yet clear and raises the question of whether or not vaccine induced immunity
needs to be life long. For example, if immunological memory in response to
vaccine was less long lasting than immunological memory resulting from natural
colonisation, this could theoretically result in changes in the epidemiology of the
disease and an increase in cases among older individuals. This issue has been
addressed in a paper describing mathematical modelling to explore the
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relationship between Haemophilus influenzae type b carriage and disease in
populations. On the basis of their calculations, the authors conclude that the low
rate of disease in adulthood could not be explained if protection from disease is a
product of previous detectable exposure to Hib alone, and that other ‘immunising’
mechanisms are important. They suggest these to be an improvement in immune
response in first-time carriers of Hib as they age, or that cross-reactive antigens,
known to be capable of ‘immunising’ the host, induce natural immunity in the
absence of the Hib organism. The importance of these suggested mechanisms has
yet to be established (Coen et al, 1998).

1.2.2 Neisseria meningitidis
Neisseria meningitidis is a gram-negative diplococcus. Cartwright (1995b), provides
a graphic account of

the history of meningococcal disease which is briefly

summarised. The first description of an outbreak of epidemic meningitis was made
by Vieusseuk in Geneva in 1805, followed by an outbreak in Massachusetts, USA.
After its recognition as a disease entity in Europe and the United States, descriptions
of outbreaks of “spotted fever” followed quickly. The clinical characteristics of the
disease became clearly recognised during the early 1800s as well as its contagious
nature. Its high mortality rate and ability to spread rapidly ensured its reputation as a
“dreaded disease”. In 1887 Weichselbaum isolated the causative organism and
following the introduction of lumbar puncture, intraspinal immunotherapy became
available. At about this time it was also demonstrated that patients with
meningococcal meningitis could also carry the bacterium in the oropharynx.
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One of the interesting historical features of meningococcal disease is that outbreaks
have been particularly pronounced among the military. Large outbreaks of
meningococcal disease were recorded in both World Wars and in Britain there were
11,000 notified cases of meningococcal meningitis in 1941. The introduction of
sulphonamides, followed later by penicillin, dramatically reduced mortality rates.

Serogroups of meningococci
Even before the first World War it was demonstrated that there were different
serogroups responsible for meningococcal disease. There are five main groups, A, B,
C, W135 and Y. The most common groups causing invasive infection in the UK
and the rest of Europe are groups B and C (Noah and Connolly, 1996). Group B
meningococci are generally not likely to cause large well defined outbreaks, which
are usually caused by groups A or C (Jones, 1995).

Invasive disease with N. meningitidis manifests most commonly as meningitis. In
about one third of cases of meningitis there is associated septicaemia and about one
in four patients present with septicaemia without meningitis. These manifestations
of meningococcal disease differ considerably in their severity and associated
mortality rates (Booy and Kroll, 1998). Meningococcal meningitis is a central
nervous system infection with a mortality of 5% or less, while meningococcal
septicaemia is a severe systemic illness in which the organism is disseminated
throughout the body; mortality is about 20% but can be as

high as 80% in

individuals with shock. It has been noted that there is confusion over these differing
presentations with cases of septicaemia referred to as meningitis. This may lead to
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inaccuracies in data collection and even more seriously, to the management of
individual cases. Tarlow and Geddes (1991) consider that when both conditions co
exist this should be noted but that the illness should be classified as “septicaemia”.

1.2.3 Streptococcus pneumoniae
In 1875 Klebs described the pneumococcus in the lung fluid of patients dying of
pneumonia. The organism, a gram-positive diplococcus, was first isolated and
grown almost simultaneously by Pasteur and Sternberg in 1881 and by 1890 it was
established as a cause of meningitis (Conway, 1991). The first large-scale trial of a
whole-cell pneumococcal vaccine was conducted as early as 1911 (Fedson and
Musher, 1994).

Serotypes
Differences in the chemical structure of pneumococcal capsular polysaccharides
provides the basis for classifying them into over 80 serotypes. All serotypes are not
equally invasive in humans; 15 serotypes are responsible for 90% of cases of
meningitis in the United States (Smart et al, 1987).

Pneumococcal serotypes

frequently isolated from adults with meningitis differ from those isolated from
children which may be a reflection of age related maturation of the immune system
to different serotypes (Conway, 1991). In England and Wales in 1991 and 1995 the
seven most common serotypes were 3, 6, 9, 11, 14, 19 and these have been found in
over 70% of pneumococcal isolates (Johnson et al, 1996).

Infection with S. pneumoniae in childhood is common, presenting as otitis media,
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acute lower respiratory tract infections and more rarely, meningitis. Mortality rates
associated with pneumococcal meningitis in childhood are relatively high at about
13% in the UK (Moxon, 1995).

1.3 Pathophysiology of bacterial meningitis

It is not within the scope of this thesis to provide a detailed review of the
pathophysiology and pathogenesis of bacterial meningitis. Excellent detailed
reviews are provided by Tunkel and Scheld (1991), and Feigin, McCracken and
Klein (1991). In this section the main aspects are described briefly.

1.3.1 Colonisation by organisms causing bacterial meningitis
The first critical stage in the development of meningitis is acquisition of the
organism by the host via nasopharyngeal colonisation. Organisms become attached »■
to the mucosal cells of the nasopharynx in a process that is facilitated by specific
microbial cell surface components. For example, many strains of N. meningitidis
have specialised protein surface appendages, known as fimbriae or pili, that bind to
cell surface receptors on the mucosal cells of the nasopharynx (Feigin et al, 1992).
For most individuals carriage of the organism is asymptomatic, with only a small
minority developing invasive disease.

Colonisation rates
For all three bacterial organisms the colonisation rate is variable and depends on
numerous immunological and socio-economic factors (Tunkel and Scheld, 1991).
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Studies have demonstrated that a significant proportion of the healthy population
will have nasopharyngeal colonisation with potentially pathogenic organisms at any
one time. In the following section findings from investigations of the rates of
colonisation for the three main bacterial organisms are discussed.

Haemophilus influenzae
Carriage rates of Hib are lowest in adults and highest in pre-school children, in
whom the prevalence rate of carriage is approximately 3% (Moxon, 1986).
However, in certain circumstances Hib carriage rates may be much higher. For
example, rates of 15-25% have been observed in day care centre attendees in the US
even in the absence of contact with a case of invasive disease (Murphy et al, 1985;
Stephenson et al, 1985). Even higher rates (30-70%) have been reported among
contacts and family members of a child with invasive Hib disease (Glode et al,
1985).

Neisseria meningitidis
Rates of colonisation with meningococci are generally lowest in infancy and early
childhood, rising to about 25% in late teenage years, and then declining to about
10% in adult life (Cartwright, 1995a). Close contacts of an individual with
meningococcal disease (household members and kissing contacts) have an increased
risk of carrying the pathogenic strain of the meningococcus (16%), (Cartwright et al,
1991c) and an increased risk of contracting the disease (Cooke et al, 1989;
Kristiansen et al, 1998). It is on this basis that it is recommended that close contacts
of an individual with meningococcal disease should receive chemoprophylaxis to
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eradicate the pathogenic organism (Public Health Laboratory Service, 1995).
Cartwright considers there to be true differences in the transmissibility of
meningococci according to their serogroup (Cartwright, 1995a).

Cartwright (1995a)

reviewed the main risk factors for colonisation with

meningococci. These include age, close contact with others in establishments such
as schools, nurseries and the home, as well as a strong dose related effect of smoking
and exposure to passive smoking and viral infections. In a study of the rates of, and
risk factors for, meningococcal carriage and acquisition among university students,
there was a rapid increase in carriage rates in the first week of term from 6.9% on
day 1 to 23.1% on day 4. By the end of the first term this had increased to 34.2%
among students in catered halls. Independent associations for acquisition of
meningococci were: frequency of visits to the hall bar, active smoking and intimate
kissing (Neal et al, 1999). It has been suggested that genetic factors may influence '
the ability to resist colonisation (Cartwright, 1995a).

Streptococcus pneumoniae
In a study among over 1000 primary school children in 18 schools in Merseyside,
England, 33% were found to be carriers of Streptococcus pneumoniae. The range in
the rate of carriage between the schools was large (2.4%-61%) and pneumococcal
carriers were significantly younger than non-carriers (Ridgway et al, 1995).
Declining rates of carriage are generally found with increasing age, although adults
with pre-school children in the family have higher rates of carriage (18%) than
adults without young children (2-9%) (Hendley et al, 1975). In the Merseyside
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study, it was also noted that 3% of pneumococci carried by young children in the
schools studied were penicillin-resistant, and that 1% of all children were carriers
(Ridgway et al, 1995).

Colonisation with the organism generally persists in the nasopharynx for several
months. Transmission occurs via respiratory droplets or through direct contact with
oral secretions. However, the factors which influence the efficiency of transmission
and the ability of the organism to establish colonisation are poorly understood. It is
clear that close contact among individuals facilitates transmission. Since carriage
rates are so prevalent in the community, it is not possible to establish the exact
incubation period for invasive infection. Tunkel and Scheld (1991) consider the risk
of invasive infection to be greatest in recently colonised individuals, and Gray
(1980) reported that infection usually occurs within one month of acquiring a new
pneumococcal type.

Use of both Hib and pneumococcal conjugate vaccines have been shown to reduce
carriage and transmission of the organisms. In a Finnish study over seven hundred 3
year old children who had or had not received a conjugate Hib vaccine were
compared and it was found that immunisation reduced oropharyngeal colonisation
(Takala et al, 1991). Dagan et al, (1992) reported carriage rates of antibiotic resistant
vaccine-type pneumococci among children were lower one year after receiving a
conjugate pneumococcal vaccine (4%), than among those who had received a
polysaccharide pneumococcal vaccine (14%).
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Since the introduction of the Hib conjugate vaccine into routine use in the UK, there
has been a reduction in Hib invasive infection in all age groups, not just those
receiving vaccine, providing further indirect evidence of the effect of Hib conjugate
vaccine on rates of carriage and transmission of the organism.

The precise mechanism which leads to dissemination of the organism from the
nasopharynx are largely unknown, although lack of specific bactericidal antibody
appears critical (Tunkel and Scheld, 1991). Characteristics of the organism appear to
have a part to play, for example, certain capsular serotypes of pneumococci are
associated with a propensity for invasion and the development of systemic infection.
About one quarter of the known serotypes are responsible for over 80% of the cases
of pneumococcal pneumonia (Tunkel and Scheld, 1991).

1.3.2 Development of disease
Dissemination after colonisation is a rare event but if the mucosal barrier is crossed
most cases of meningitis progress through several stages:
• invasion of the blood from the respiratory focus;
• seeding of the meninges by the blood borne organism;
• inflammation of the meninges and brain;
Once in the blood stream encapsulation of the organism provides protection from
host defence mechanisms. The capsular polysaccharide of H. influenzae and the
other main bacterial pathogens affecting infants and children is antiphagocytic and is
therefore a major determinant of invasiveness (Bijlmer, 1991).
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In most individuals, antibodies directed against the capsular polysaccharide and
other surface components of these pathogens, together with other mechanisms,
prevent survival of bacteria

in the circulation. The balance between the host

defence mechanisms and the number of circulating bacteria determines whether
septicaemia, with or without meningitis, will occur.

The mechanism of bacterial penetration across the blood-brain barrier and bloodCSF barrier is the least understood

step in the pathogenesis of meningitis. It

probably occurs through the cerebral capillaries at the choroid plexus, and is
facilitated through the interaction of surface proteins that facilitate binding, and
other cell wall or membrane components that affect endothelial cells and stimulate
cytokine production.

Organisms are able to multiply rapidly once they enter the CSF where humoral
defences are virtually absent. Here, they release membrane active components such
as endotoxin

or

teichoic

acid. Initiation

of treatment with

bactericidal

antibiotics results in rapid breakdown of bacteria in the subarachnoid space,
with the release of large concentrations of these bacterial products. In turn these
stimulate local production of pro-inflammatory cytokines.

Studies in the animal model have shown that two important cytokines in the
initiation of inflammation of the meninges are interleukin 1 and tumour necrosis
factor alpha. Each of these cytokines can stimulate production of the other and of
other mediators. A series of inflammatory events is triggered, resulting in injury to
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the vascular endothelium, which alters the permeability of the blood-brain barrier.
Depending on the extent of the inflammatory stimuli, the increased permeability of
the barrier results in oedema. If the inflammatory process is not halted, it can lead to
severe brain oedema, increased intracranial pressure and reduced cerebral blood
flow. In severely affected patients, the consequences of this chain of events can
produce neuronal injury, or diffuse brain damage.

1.3.3 Prior infection
Less commonly, infection may spread to the meninges via blood in children with
infective endocarditis, pneumonia or thrombophlebitis, or by direct extension in
children with sinusitis, otitis media and mastoiditis, or osteomyelitis of the skull.
Head injury may precede bacterial meningitis; cases of S. pneumoniae and H.
influenzae in particular have been noted following skull fracture. Direct bacterial
invasion can also occur in individuals with meningomyeloceles, where there is a *
direct communication between the skin and the meninges. Meningitis may also
follow neurosurgical procedures, particularly those conducted to divert the CSF in
children with hydrocephalus.

1.3.4 Vertical transmission
Meningitis in the newborn most commonly follows, or is

associated with,

septicaemia. The intra-uterine environment is normally sterile, but after rupture
of the amniotic membranes the infant is exposed to micro-organisms, some of
which may be pathogens, from the maternal genital tract. Although all newborn
infants are colonised by some of the organisms with which they come into
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contact, it is rare for them to develop sepsis and even less common for them to
develop meningitis (Rennie 1995). In a two year prospective study in England and
Wales, the annual incidence of meningitis in neonates was 0.32/1000 live births.
Premature birth and low birth weight were significant risk factors for developing
meningitis (de Louvois et al, 1991). Any pathogen may cause meningitis in the
newborn but the

major causative

organisms are

group B streptococcus,

Escherichia coli and Listeria monocytogenes (Feigin et al, 1992).

Group B streptococci
Studies have shown that approximately 20-35% of women are colonised
vaginally or rectally with group B streptococci. Vertical transmission from
mother to infant occurs in 40-70%
organism.

of women

who

are colonised with this

Septicaemia and meningitis caused by group B streptococcus may

involve any of the group B serotypes: la, lb, Ic, II or III; the specific serotype
causing disease can usually be recovered from the maternal vaginal tract. Most cases
of group B streptococcal meningitis are caused by subtype III organisms. Another
mode of acquisition for group B streptococci is nosocomial infection from the
hands of those caring for the newborn in nurseries (Feigin et al, 1992).

Escherichia coli
Strains of E. coli which possess the capsular polysaccharide K1 antigen cause
approximately 75% of cases of neonatal meningitis. Disease caused by K1 strains
is more severe than that caused by non-Kl strains. The highest prevalence rates
for

rectal colonisation with E. coli K1 strains in women are found in those
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between 16 and 31 years of age (45-50%). About 70% of infants bom to culture
positive mothers acquire E. coli K1 strains during the first 48 hours of life. A
further 10-15% of infants bom to K1 negative mothers, acquire K1 strains at 3 to 4
days of age, presumably as a result of horizontal transmission from nursery staff
or other infants (Feigin et al, 1992).

Listeria monocytogenes
Pregnant women can be colonised in the genital tract and transmit L. monocytogenes
to their infants, an event which may result in spontaneous abortion or neonatal
sepsis. Outbreaks of listeriosis resulting from infected milk products have been
reported; if infection occurs in pregnancy it can have serious consequences. Pregnant
women in the UK are advised to avoid unpasteurised milk products (Rennie, 1995).
Although listeria is the third most important cause of meningitis in the neonate, it
is far less common than disease caused by group B streptococcus or gram negative
enterics such as E. coli (de Louvois et al, 1991).

1.4 Modes of presentation of meningitis
One of the major problems in the diagnosis of meningitis is that the presenting
signs and symptoms are often subtle and non specific, particularly among infants
and young children. Signs and symptoms of the disease depend partly on the age of
the patient, the duration of illness before examination and the child’s response to
infection. About one half of infected infants will present with fever, or other non
specific manifestations such as lethargy, disinterest in feeding and/or diarrhoea
and vomiting, and respiratory distress. As a result ‘The identification of the one
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child with meningitis out of the many with trivial febrile illness is a daily problem
faced by paediatricians and general practitioners alike’ (Heyderman et al, 1993).

In one of the few studies of its kind, Valmari et al (1987) investigated the reasons
for consulting the doctor among parents of 110 children with culture proven
meningococcal meningitis. The most common reasons given for seeking medical
advice were fever and vomiting, and even though neck rigidity was present in about
60% of the children on admission to hospital, this seldom seemed to cause parental
anxiety. This may be because they did not recognise it or because they did not
appreciate its significance.

This finding has been confirmed by Riordan et al (1996). In their study of the
recognition of meningococcal disease among parents of 126 children with clinical
disease, headache and neck stiffness were rarely noted by parents but they did *
notice a rash. The GPs who had attended these children were more likely to have
given pre-admission penicillin if they diagnosed meningococcal disease on the basis
of the rash, rather than on the signs of meningitis. The authors argue that
information for parents about meningococcal disease should focus on the rash of
septicaemia, rather than the signs of meningitis.

Information about the signs and symptoms of meningitis has been produced for
health professionals and parents by The National Meningitis Trust, The Meningitis
Research Foundation and The Health Education Authority. The material produced
includes considerable detail about the classic signs of meningitis and, in an attempt
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to increase awareness of septicaemia, advice on the recognition of the
meningococcal rash.

Heyderman et al (1993) recommend that a diagnosis of meningitis should be
considered in any child with:
•

high fever (>38 °C) with no obvious focus for infection;

•

irritability or lethargy, and a fever;

•

abdominal pain, vomiting or poor feeding, and a fever;

•

persistent febrile symptoms in any child already taking antibiotics.

1.5 Diagnosis of meningitis
The diagnosis of meningitis is based on examination of the CSF. Early confirmation
of the diagnosis, and identification of the causal organism, is required so that
appropriate treatment can begin as quickly as possible. The early initiation of
treatment may be an important factor in ensuring a good outcome for the patient
(Shelton and Marks, 1990).

Lumbar puncture is the only method of confirming the diagnosis of meningitis and
in most children with meningitis the procedure is safe. However, in a small
proportion with raised intracranial pressure it may precipitate herniation of the brain
stem and cerebellar tonsils (coning). This usually results in death or permanent
disability. Recognition of those children who are at risk of coning is not always
straightforward. The signs of raised intracranial pressure include a rapidly declining
level of consciousness, raised blood pressure, sluggishly reacting dilated pupils.
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However, none of these signs is foolproof and even CT scanning is not completely
reliable in predicting the presence or absence of raised intracranial pressure. It is
recommended therefore that in the presence of any of these signs, or if the child is
shocked, lumbar puncture should be deferred and antibiotics that cover a range of
suspected pathogens should be administered before blood cultures are obtained
(Levin and Heyderman, 1991).

1.5.1 Laboratory Diagnosis
In infants and children with meningitis, reduced glucose in the CSF (below 40
mg/dl) is almost always present. This is as a result of increased utilisation from
metabolic demands (Saez-Llorens and McCracken, 1998). The CSF white cell count
is usually in the range 1000-5000/pL, but may be as low as 0-20/pL (Saez-Llorens
and McCracken, 1998) and the CSF protein is usually raised (Tunkel and Scheld,
1995).

The CSF Gram stain is generally positive in 60-90% of cases and nearly 100%
specific, but it may be negative in the early stages of the disease when smaller
numbers of organisms are present. The probability of detecting the organism by
Gram stain may also decline to 40-60% in patients who have already been given an
antibiotic. Similarly CSF culture positive rates also fall to below 50% from 70-85%
(Tunkel and Scheld, 1995). However, antibiotics do not alter other CSF findings
sufficiently to hamper diagnosis. In the UK, it is strongly recommended that general
practitioners should give parenteral benzylpenicillin as quickly as possible to any
individual in whom bacterial meningitis remains a possible diagnosis. This is
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discussed further on page 34. It is advised that if a child’s condition suggests
meningitis, antibiotic therapy should start even if the lumbar puncture is normal
(Levin and Heyderman, 1991).

There are also a variety of rapid tests to detect bacterial antigens which may be
helpful in making a diagnosis; these can be performed on blood, CSF and urine.
They include

enzyme linked immunosorbent assays (ELISA), counter current

electrophoresis, and latex particle agglutination. A wide range of non specific tests
have been evaluated to distinguish viral from bacterial meningitis, but these are
considered to contribute little over and above examination of the CSF since they
have poor specificity (Levin and Heyderman, 1991).

In one study the polymerase chain reaction (PCR) was used to amplify the DNA
from a patient with meningococcal meningitis (Kristiansen et al, 1991). The authors
concluded that this technique might be of particular value among patients in whom
the CSF Gram stain, bacterial antigen tests and culture were negative. Further
evaluation of this technique among 54 patients with meningococcal disease or
controls, proved it to be a highly sensitive and specific diagnostic test (both were
91%) (Ni et al, 1992). Subsequently the PHLS Meningococcal Reference Unit
(MRU) developed a number of assays using PCR to confirm and determine the
serogroup of meningococcal infection. In view of the increasing administration of
antibiotics to patients with meningococcal disease and resulting widening gap
between culture confirmed and notified cases, a national PCR-based service has
been established. In the first year of operation the number of laboratory confirmed

cases of meningococcal disease increased by 35% (Kaczmarski et al, 1998).

Skin scraping from the rash in meningococcal disease has also proved a useful
addition to the investigations available. In one study, skin scrapings gave a positive
result for the presence of Gram negative diplococci in 80% of meningococcal rashes,
and in 27% of cases the positive results obtained with skin scraping were the only
positive results obtained of three investigations: skin scraping, blood culture and
examination of the CSF (Taylor et al, 1997).
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1.6 Treatment
1.6.1 Administration of antibiotics by GP
There is evidence from observational studies to suggest that early treatment with
parenteral antibiotics in meningococcal disease may reduce mortality (Cartwright et
al, 1992a; Gossain et al, 1992; Strang and Pugh, 1992). Although a reduction in
mortality rates was reported from each of the studies,

they were retrospective

investigations based on hospital records and the reduction in mortality rates
observed did not reach statistical significance. However, the investigators considered
that the case definitions were comparable and, when the data were combined for the
487 patients included in the studies, the risk of death in patients not given parenteral
penicillin was significantly increased (Mantel-Haenszel weighted odds ratio 2.61;
95% Cl 1.04-7.18) (Cartwright et al, 1992b).

In contrast,
mortality rate

Danish investigators reported a statistically significantly higher
(OR 9.3, 95% Cl 3.1-27.9) among patients with meningococcal

disease who were given parenteral antibiotics prior to admission. However, included
in this study were patients with a wide range in severity of disease, with some
patients having particularly fulminant infection (Sorensen et al, 1992). The case
definition is clearly critical in studies of this type. Subsequently, two further studies
have also found early treatment to be beneficial in the reduction of mortality (Martin
unpublished) (Woodward et al, 1995). Cartwright combined the data from all six
studies and found that overall, pre-admission benzylpenicillin significantly reduced
mortality rates (p=0.03) (Cartwright, personal communication).
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GPs have been advised repeatedly to consider giving parenteral benzylpenicillin to
all individuals with suspected meningococcal disease before transfer to hospital
(Begg, 1992; Cartwright et al, 1991a; Department of Health and Social Security,
1988a; Public Health Laboratory Service Meningococcal Infections Working Party,
1989a). Despite this advice, and the finding that the majority of GPs carry antibiotics
for injection (Ong and Dunbar, 1988; Rao and Selby, 1992), several investigators
have reported that only a small proportion of individuals with meningitis are given
penicillin prior to admission to hospital (Rao and Selby, 1992; Rouse, 1992).
Reasons forwarded for not giving penicillin include: uncertainty over the diagnosis,
a reluctance to administer parenteral antibiotics because of uncertainties over the
correct dosage, fear of anaphylactic reaction, lack of awareness of a need, and
concern about compromising a definitive diagnosis (Begg, 1992; Dawson, 1992;
Rao and Selby, 1992; Rouse, 1992). It is encouraging that evidence from one health
district gathered during the period 1982-1995 showed an increase in the proportion
of patients receiving pre-admission benzylpenicillin in the second half of the study
period (Wylie et al, 1997).

The effect of early antibiotic therapy on mortality rates could only be properly
assessed in a prospective randomised controlled trial. However, since the evidence
currently available is weighted in favour of a beneficial effect of early antibiotics,
such a trial would not be ethical, and the need for confirmation of the diagnosis is
heavily outweighed by the possibility of improved outcome with early antibiotics.
Although the randomised controlled trial (RCT) remains the ’Gold Standard’ in the
hierarchy of evidence of effectiveness of interventions, in the absence of such trials,
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practice should be based on the best external evidence available (Sackett et al,
1997).

1.6.2 Antibiotic therapy
As the most appropriate treatment of meningitis differs for neonates, young infants
and older children, the age of the patient is one of the main considerations in the
selection of the most effective antibiotic therapy. Antibiotic resistance is
becoming an increasingly important problem particularly with respect to S.
pneumoniae

(Levy,

1998).

Studies

have

found

that

third-generation

cephalosporins are as effective as the well established regimens, ampicillin plus
chloramphenicol, for childhood bacterial meningitis caused by Haemophilus
influenzae type b, and these are now the treatment of choice for children older than
3 months of age (Rockowitz and Tunkel, 1995). In younger infants, ampicillin is
also given to cover Listeria monocytogenes. In a survey of directors of training '
programmes of paediatric infectious diseases in the USA, it was reported that
cephalosporins alone, or combined with ampicillin, were the treatment of choice
for suspected meningitis (Klass and Klein, 1992).

1.6.3 Use of corticosteroids
There has been considerable debate over the value of giving corticosteroids in
addition to anti-microbial agents in the treatment of meningitis. The mechanism of
action involves a reduction of the inflammatory mediators such as Tumour
Necrosis Factor (TNF), and interleukin-1 (Rennie, 1995).
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A meta-analysis of nine studies all conducted before 1989 showed no reduction in
the risk of death or neurological abnormality in patients who had received
corticosteroids (Havens et al, 1989). However, based on three trials alone, there
was evidence that dexamethasone reduces the risk of bilateral moderate or more
severe hearing loss in children with Haemophilus influenzae type b infection
(Lebel et al, 1988; Lebel et al, 1989).

Results from subsequent trials suggest an improved outcome in children with
more severe disease, given dexamethasone early (before the first parenteral
antibiotic), rather than late (after several hours or more of antimicrobial therapy),
compared with children in the placebo group. Benefit was shown with
pneumococcal and Haemophilus influenzae type b infection, but not with
meningococcal infections (King et al, 1994; Odio et al, 1991; Schaad et al, 1993;
Wald et al, 1995). This was confirmed in a meta-analysis of 11 randomised
controlled trials conducted between 1988-1996 (McIntyre et al, 1997)

There is a lack of evidence to recommend the use of steroids in neonatal disease
and The American Academy of Pediatrics Committee on Infectious Diseases
recommends their use only in infants aged 6 weeks or older in whom bacterial
meningitis is diagnosed or strongly suspected (Committee on Infectious Diseases
and American Academy of Pediatrics, 1998).
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Chapter 2

Sequelae of bacterial meningitis

2.1 Introduction
Findings from investigations of the long term consequences of meningitis are
review critically since methods and study samples differ widely. In most of the
published studies the focus has been on the most common cause, Haemophilus
influenzae, (Feigin et al, 1976; Feldman and Michaels, 1988; Feldman et al, 1982;
McIntyre et al, 1993; Sell et al, 1972; Sproles et al, 1969; Tejani et al, 1982), or
all the bacterial causes combined together (Berlow et al, 1980; Dodge et al, 1984;
Grimwood et al, 1995; Jadavji et al, 1986; Pomeroy et al, 1990; Vienny et al,
1984).
Information about the consequences of meningococcal and pneumococcal
meningitis is mainly derived from studies that have looked at all causes of
bacterial meningitis. Only two published studies could be located that have
focused solely on meningococcal disease (Edwards and Baker, 1981; Moss, 1982),
and only one of these, conducted in Bolton, England, concerned meningitis in
isolation (Moss, 1982). Similarly, there is a derth of studies focussing solely on
the outcome of pneumococcal meningitis in childhood (Komilisse et al, 1995;
Arditi et al; 1998) and none that focus on long term outcome. Children who
suffered meningitis at a wide range of ages have also been reviewed together
(Berlow et al, 1980; Schaad et al, 1990; Taylor et al, 1990; Grimwood et al, 1995;
Komilisse et al, 1995). This grouping of organisms and ages together may result
in inaccurate estimation of the rate of sequelae for the more severe or less severe
types of meningitis and for different rates of damage at different ages.
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The main focus of studies in which children have been evaluated following
meningitis is often a single outcome, notably hearing loss (Nadol, 1978; Berlow et
al, 1980; Kaplan et al, 1984; Woolley et al, 1999). Few studies have followed
children up for longer than two years after the acute infection (Feldman and
Michaels, 1988; Taylor et al, 1990; Grimwood et al, 1995; Grimwood et al,
1998). Since meningitis is a relatively uncommon condition, studies conducted in
one centre have generally involved fewer than 200 subjects (Feigin et al, 1976;
Grimwood et al, 1995; Kaplan et al, 1984; Lebel et al, 1988; McIntyre et al, 1993;
Pomeroy et al, 1990; Tejani et al, 1982) and few have included an appropriate
comparison group (Grimwood et al, 1995; Sell et al, 1972b).

In this section the literature relating to the outcome of meningitis is reviewed.
First, the methods used in outcome studies will be considered in general terms,
followed by a summary of the main findings. For the purposes of this review, only
those studies published in industrialised countries that include meningitis in
childhood will be considered, and only those that focus on meningitis rather than
more generalised infection associated with specific organisms.

2.1.1 Design of outcome studies
The approach taken in studies set up to determine the outcome of any condition is
critically important. In a meta-analysis of studies of the outcome of bacterial
meningitis Baraff et al (1993) reviewed many of the important issues.
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Investigations of the sequelae of bacterial meningitis have adopted one of three
basic approaches: prospective ascertainment of cases with prospective follow-up;
retrospective

ascertainment

with

prospective

follow-up;

retrospective

ascertainment with retrospective evaluation.

Prospective studies based on pre-determined criteria for inclusion of cases and
high follow-up rates are likely to provide the most valid findings. With a
retrospective approach it is also essential to base ascertainment of cases on strict
criteria but these have often not been well defined in published series (Emmett et
al, 1980; Sproles et al, 1969). For example Sproles (1969) identified 40 patients
admitted between 1951-1964 with a proven diagnosis of Haemophilus influenzae
meningitis from hospital records. In all cases the organism had been cultured in
the CSF. It is not clear whether or not these 40 patients represented all children
with meningitis caused by H. influenzae during that time period and if not, what v
the methods or reasons were for patient selection. A similar approach was adopted
in two further studies (Sell et al, 1972a; Sell et al, 1972b). Clearly, any selection
process would need to ensure a sample which was representative in terms of
factors such as age, sex and severity of illness. The use of a retrospective approach
for both ascertainment of cases and follow-up may also lead to biases in case
selection, as well as difficulties in assessing outcome on the basis of non
standardised records.

i) Study size
Studies which include small numbers of children may have insufficient statistical
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power to be confident that the rates of adverse consequences are accurately
assessed. Many studies reviewed included fewer than one hundred patients, and
even though rates of a specific sequela may be relatively high, the actual numbers
of children affected will be few, leaving a wide margin of error (Aszkenasy et al,
1995; Berlow et al, 1980; Edwards and Baker, 1981; Feigin et al, 1976; Feldman
and Michaels, 1988; Kaplan et al, 1981; Sell et al, 1972a; Sell et al, 1972b;
Sproles et al, 1969; Taylor et al, 1984; Tejani et al, 1982; Vienny et al, 1984). For
example in Sproles’ study of 40 children only 4 (10%) were reported to have a
poor outcome (Sproles et al, 1969). Herson and Todd (1977) developed a score for
assessing morbidity associated with Haemophilus influenzae meningitis. This was
based on an evaluation of 73 patients, among whom there were 2 deaths and 6
children with major sequelae.

ii) Comparison groups
Some early studies of the outcome of meningitis did not include a control
population, (Sell, 1983; Sell et al, 1972a; Sproles et al, 1969) and so it is not
possible to calculate the relative risk of specific outcomes associated with the
attack of meningitis. The inclusion of a comparison group is particularly important
when population data on the prevalence of the conditions of interest are lacking.
This is particularly true with respect to subtle deficits.

In an attempt to control for the effects of social factors, sibling controls have been
used by some investigators, (Emmett et al, 1980; Feldman and Michaels, 1988;
Sell et al, 1972b; Taylor et al, 1984; Taylor et al, 1990; Tejani et al, 1982). The

subjects in these studies were only included if they had siblings who could act as
controls; excluding children without siblings may lead to selection of an
unrepresentative sample.

In a study of academic achievement 10 to 12 years after Haemophilus influenzae
meningitis, Feldman and Michaels (1988) found that index children performed at
levels comparable to their siblings tested at a similar age. However, the subjects in
their study received more academic support at home and at school than their
sibling controls. It is also possible that siblings are affected in a subtle way
because their parents treat them differently from the child who has suffered a life
threatening infection (Grimwood et al, 1995).

In selecting controls, those from the general population are likely to provide the
most valid comparison, since choosing an age matched control from the same v
school or class as the subject may introduce bias even when the subject has only
subtle disabilities.

iii) Method of assessment
The method of assessing children varies in outcome studies, although a few have
used a similar approach with the specific intention of combining and comparing
findings (Booy and Moxon, 1993; Sell et al, 1972b). The most valid results arise
from those that include examinations using standardised tests, based on a protocol
and performed by individuals who are blinded to the status of the child as either
case or control (Sell et al, 1972b; Taylor et al, 1984; Grimwood et al, 1995).
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Other studies have included examinations but the examiners have not been blinded
to the status of the children, (Emmett et al, 1980; Moss, 1982) or lack a control
group (Claesson et al, 1984; Feigin et al, 1976; Feldman et al, 1982; Lebel and
McCracken, 1989; Pomeroy et al, 1990).

In studies in which standardised tests have been used, not only is the validity of
the findings increased but also facilitates comparison between study findings. For
example, in their study of the sequelae of Haemophilus influenzae meningitis
among 97 school age children, Taylor et al, (1984) used a range of assessment
measures including The Wechsler Intelligence Scale, The Gilmore Oral Reading
Test and the Child Behaviour Checklist, similar instruments to those used by
Feldman (1988).

For studies in which children are geographically dispersed, it may not be feasible
to conduct examinations and information has been collected in a variety of ways:
hospital records (Komielisse et al, 1995 Arditi et al,

1998); a combination of

hospital and GP records and records from the National Acoustic Laboratory
(Western Australia) (McIntyre et al, 1993); examination plus questionnaires sent
to parents living too far away (Sell, 1983); a combination of hospital records plus
structured telephone interviews with parents (Bower et al, 1994); records from the
National Acoustic Laboratory (Western Australia) and the Western Australian
Cerebral Palsy Register (Hanna and Wild, 1991).
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(vi) Classification of outcome
The system used for classifying children as either having or not having sequelae is
fundamental. In most studies that have focussed on a single outcome such as
hearing loss or IQ, reporting of findings is straightforward: the prevalence and
severity of hearing loss or level of IQ (Berlow et al, 1980; Nadol, 1978). Where
the focus has been on multiple sequelae, some researchers have made an
assessment of the overall severity of disability arising from these sequelae. In
these studies considerable detail has been provided about the method of
classification of outcome (Bower et al, 1994; McIntyre et al, 1993). Although it is
relatively easy to determine that a child has a severe disability the assessment of a
child as having mild sequelae is variable, and may be subject to individual
judgement. The determination of the severity of sequelae in outcome studies
would benefit from a standardised approach.

(v) Pre-existing health and development
The confounding effect of the state of the children’s health prior to the meningitis
has been considered by some investigators (Bower et al, 1994; Grimwood et al,
1995; McIntyre et al, 1993; Sell, 1983; Sproles et al, 1969). Since meningitis is
more common among children with underlying conditions, and in infants who are
low birthweight or premature (de Louvois et al, 1991), this may lead to an over
estimation of the consequences of meningitis, with effects attributed to the
infection that were pre-existing. However, it may be difficult to accurately assess a
child’s pre-existing health and development, particularly if the child is very
young. It may necessitate taking detailed histories from parents, gathering

information from a third party such as the paediatrician, GP or health visitor or
consulting the special needs register. Sproles (1969) and Sell (1972) used hospital
records to determine physical and mental development prior to the acute illness.
Although they did not address this issue in detail, it seems unlikely that such
information would be available for all the children included in their studies.

(vi) Time interval to assessment and rates of follow-up
Many studies of the sequelae of meningitis are only concerned with immediate
outcome (Arditi et al, 1998; Komilesse et al, 1995; In studies of longer term
outcome the interval between the acute episode and follow-up varies considerably.
Although it has been observed that some sequelae of meningitis may resolve over
time, (Feigin et al, 1976a; Kaplan et al, 1984a; Pomeroy et al, 1990a) in some
studies outcome has been assessed for no longer than 1-2 years after the acute
meningitis (Jadavji et al, 1986; Nadol, 1978). Sensori-neural hearing loss has also
been reported to fluctuate with time and can lessen, fluctuate or progress over a
period as short as a few months or as long as 12 years (Brookhouser et al, 1988;
Woolley et al, 1999). Differences in the length of time to follow up may thus lead
to biases in external validity and comparability between studies.

A longer period of follow up may compromise the follow up rate and this could
have important consequences for the validity of findings. Some studies fail to
provide details on the rate of follow up, (Feldman et al, 1982; Tejani et al, 1982;
Vienny et al, 1984) and others have achieved poor follow up rates. The largest
published study (Lebel and McCracken, 1989) included 333 patients but only 46%
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were successfully followed up.

If the proportion of children with sequelae in

those lost to follow-up was substantially greater than in those successfully studied,
this would result in an under-estimation of sequelae and compromise the internal
validity of the study (Baraff et al, 1993). However, the importance of this is not
always appreciated. Bower et al (1994) classified children for whom there was no
follow up information as having no sequelae.

The potential problem of non-response bias was well described in a study in which
pre-term infants were followed up at two years of age. In this study Wariyar and
Richmond (1989) achieved a 100% follow up rate, but they found that those
children who had been difficult to follow up, either because they could not easily
be traced or whose parents had failed to attend and had to be encouraged to do so,
had a higher rate of severe disability than those children who they considered had
been easy to follow up (35% v 4%). The disability rate was highest (50%) among *
the children whose parents had been most reluctant to attend for assessment.
Subsequently, these findings have been borne out in a larger study conducted by
the same group of pre-term infants bom between 1990-91. They reported five
times the rate of disability among the children ‘only seen with difficulty’
compared with other survivors (Tin et al, 1998).
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2.2 Main findings from a review of outcome studies
In a meta analysis of studies investigating the outcome of bacterial meningitis in
children, Baraff et al (1993) reviewed the results of all English language reports.
Inclusion criteria were reports published after 1955 since children in these reports
were treated with effective antibiotic therapy: 'triple therapy'; ampicillin,
ampicillin and chloramphenicol or a second or third generation cephalosporin.
Studies were only included if they described an evaluation of outcome after
hospital discharge and at least one of the following outcomes: death; mental
retardation; paralysis; paresis or spasticity; seizure disorder; hearing loss.

The definitions of outcome used in the meta analysis were clearly defined. Deaths
included all acute deaths plus deaths during the follow up period which resulted
from the sequelae of meningitis. Psychomotor retardation was defined as IQ <70.
Where IQ scores were not specifically mentioned, survivors were classified as
developmentally

delayed

if the

authors had

defined

them

to

be

so.

Spasticity/paresis was defined as spasticity, paresis or paralysis of one or more
limbs. Seizures were defined as seizure disorder of any type that was present after
hospitalisation. Deafness was defined as a hearing loss of > 30 decibels in one or
both ears or classification as hearing loss or deafness by the authors. Of a total of
121 publications, 45 reports including 4920 children fulfilled these inclusion
criteria.

The reviewers further refined their criteria to include only prospectively enrolled
studies conducted in developed countries and used to findings from 19 prospective
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studies* reported from developed countries, to determine the mean probability of
specific outcomes. The studies included 1602 children, with an age range from 2
months to 19 years, although it is not clear whether this was the age at infection or
at follow-up. The calculated mean probabilities for specific outcomes reported in
the paper are shown in table 2.1.

Despite the recognition that poor follow-up rates might bias the estimates of
sequelae, the estimates in the meta analysis were derived from studies in which
there was an overall loss to follow up of 13%. However, the reviewers addressed
this issue by investigating the prevalence of sequelae reported by each study
compared with the proportion of subjects available for follow up. They found no
trend in prevalence rates as a function of the proportion available for follow up.
They considered that any bias that might exist would be small. However, this may
still be a limitation in extrapolating the findings, particularly in view of the v
significantly higher rate of disability among those children who were more
difficult to follow up reported from one study (Tin et al, 1998) (page 46).

* (Berlow et al, 1980; Dodge et al, 1984; Edwards and Baker, 1981; Feigin et al,
1976; Feldman et al, 1982; Ferry et al, 1982; Jadavji et al, 1986; Kaplan et al,
1984a; Kaplan et al, 1984b; Kaplan et al, 1986; Lebel et al, 1988; Lebel and
McCracken, 1989; Peltola et al, 1989; Pomeroy et al, 1990; Schaad et al, 1984;
Schaad et al, 1990; Snedeker et al, 1990; Tejani et al, 1982; Vienny et al, 1984)
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Table 2.1

Outcomes of bacterial meningitis by causative organism:
meta-analysis of prospective cohort studies from developed countries
(Baraff et al, 1993)
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Subsequent to publication of the meta analysis, two additional prospective studies of the
consequences of meningitis have been identified (McIntyre et al, 1993; Grimwood et al,
1995). McIntyre et al (1993) followed 165 children (96% of children originally
identified in a combination of retrospective and prospective surveillance) aged between
one month and four years who had experienced Haemophilus influenzae meningitis.
Four percent were found to have persistent severe neurological sequelae and 3% to have
severe hearing loss.

Grimwood et al (1995) followed up 130 children (82% of a prospectively enrolled
cohort) who had bacterial meningitis aged between 3 months and 14 years. Follow-up
was at a mean of 6.7 years after meningitis. In this study, neurological,
neuropsychological, audiological and behavioural assessments were compared with
those among age and sex matched children. Examiners were blinded to the status of the
children. Of children who had meningitis, 11 children (8.5%) were found to have major
deficits. These included: IQ <70, seizures, hydrocephalus, spasticity, blindness or severe
to profound hearing loss. A further 24 cases (18.5%) and 14 control children (10.8%)
had minor deficits: IQ 70-80, inability to read, mild to moderate hearing loss,
abnormalities in speech discrimination, or behaviour problems at school. In a
subsequent follow up of the same cohort 12-14 years following the acute meningitis,
109 (69%) cases and 96 (74%) controls were included, and cases were found to be
twice as likely to have subtle neurological abnormalities as controls (Grimwood et al,
1998).
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2.3 Specific conditions
Sensori-neural hearing loss
Hearing loss is a well recognised consequence of meningitis (Jeffrey et al, 1977; Berlow
et al, 1980; Dodge et al, 1984; Kaplan et al, 1984a; Vienny et al, 1984; Woolley et al,
1999). Rates of sensori-neural hearing loss following bacterial meningitis reported from 1
well-conducted studies range from 5% to 50% (Moss, 1982; Ozdamar et al, 1983).
This variation in reported rates could be explained by a number of factors: differences in
the proportion of causative organisms included; the timing of hearing assessment
following meningitis; the age ranges of the children included; the type of testing; the
size of the study sample and follow up rates; the type and severity of hearing loss
included. In a review of hearing loss following bacterial meningitis, Fortnum (1992)
calculated an overall rate of 9.6% (95% Cl 7.9-11.3) by weighting according to the
number of cases included in studies. For bilateral profound or total impairment she
found the range in reported incidence to be 1-4%.

Pneumococcal meningitis is reported to result in higher rates of hearing loss than either
Haemophilus influenzae or meningococcal (Nadol, 1978; Ozdamar et al, 1983; Dodge
et al, 1984; Kaplan et al, 1984. Woolley et al, 1999) However,

pneumococcal

meningitis is the least common of the three major bacterial causes, and studies tend to
include smaller numbers of children who suffered this type of meningitis. In view of
this, it has been suggested that the apparently higher incidence associated with
pneumococcal meningitis should be interpreted with caution (Fortnum, 1992).
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Neurological deficits
The prevalence of neurological deficits (spasticity and paresis, seizure disorders and
learning impairment) have been reported (Clements et al, 1995; Ferry et al, 1982;
Grimwood et al, 1995; Herson and Todd, 1977; Lebel and McCracken, 1989; McIntyre
et al, 1993; Pomeroy et al, 1990; Tejani et al, 1982) although rarely has the prevalence
of all these deficits been reported from individual studies. The range in reported rates for
spasticity and/or paresis is 0% to 6.8% (Kaplan et al, 1986a; Schaad et al, 1990a), for
seizure disorders 0%-7% (Pomeroy et al, 1990; Schaad et al, 1990) and for learning
disabilities is 0%-10.9% (Ferry et al, 1982; Jadavji et al, 1986; Schaad et al, 1990). The
mean rates reported for each of these conditions according to causative organism were
calculated by Baraff et al (1993) and are shown in table 2.1.

This variation in rates reported may be explained by the same factors that have been
considered with respect to variation in reported rates of hearing loss. The time interval
before follow up is particularly relevant. In a study of 185 children who were examined
at yearly intervals for six years, Pomeroy et al (1990) found that although one month
after meningitis 69 children (37%) had neurological abnormalities, many of these signs
had resolved within a year leaving only 26 children (14%) with persistent deficits; 4%
had multiple neurological deficits. This finding has been confirmed by other studies
(Feigin et al, 1976; McIntyre et al, 1993).

Subtle neurological sequelae, such as minor reductions in IQ, are less easy to determine
without the inclusion of a control group. Earlier studies suggested that such problems
affected a significant proportion of children, (Ferry et al, 1982; Sell et al, 1972b) but
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some authors consider that more recent evidence suggests these problems might be
explained by environmental factors (McIntyre et al, 1993; Taylor et al, 1990). Taylor et
al (1990) assessed psychometric function of 97 school age children, and found little
difference in IQ between those subjects without acute-phase neurological complications
(58%) and their sibling controls. Differences for the groups were small, even among the
41 pairs in which the index child had acute-phase neurological complications but, as
previously pointed out, the siblings themselves might have been adversely affected in
some subtle way. Since only those children who had siblings who could serve as
controls were included in this study, the interpretation of these findings is limited.

Grimwood and colleagues have conducted two follow-up studies of a cohort of children
surviving bacterial meningitis (Grimwood et al, 1995; Grimwood et al, 1998). In the
first, the children were assessed along with a control population and 11 (8.5%) were
found to have major deficits and a further 24 (18.5%) minor deficits. At the subsequent
follow-up, cases were found to be twice as likely to have subtle neurological
abnormalities as controls and were performing less well academically. This latter study
has not yet been fully published, and it is unclear whether or not those children with
previously detected neurological problems were included. However, in their previous
paper the authors described analysing the data with respect to academic achievement.
They analysed the data first including and then excluding severely damaged children,
and they still found a difference in the performance of the meningitis group. Clearly,
subtle deficits can not be assessed easily in children with severe disabilities. However, in
view of high loss to follow up rates of both cases (31%) and controls (26%), some
caution should be exercised in extrapolating the findings (Grimwood et al, 1998).
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Less robust evidence of the pervasiveness of these more subtle deficits resulted from a
questionnaire follow-up of 96% of 875 patients who had recovered from bacterial
meningitis (Bohr et al, 1983). They found the most common complaints several years
later were headache (32%), inability to concentrate (31%), altered working capacity
(33%) and loss of memory (24%). A major flaw in the conduct of this study was the lack
of a control group and, since a significant proportion of the sample were adults, the
relevance of these findings to children is questionable. Despite this, intuitively there
seems no reason to suspect that such problems should not also affect children following
bacterial meningitis. While these sequelae may not be of importance clinically they may
have a significant impact on daily life. This issue requires more careful investigation.

Other adverse consequences of meningitis
Less attention has been paid to other adverse consequences such as visual, speech and
behavioural disorders. These have rarely been included as outcomes in follow up studies
and, in those that have, the rates of specific conditions are difficult to elucidate.

Cortical blindness following meningitis is described as an extremely rare condition. In
their description of two cases, Thun-Hohenstein et al (1992) comment that it was not
even noted in recent reviews of the neurological sequelae of meningitis conducted by
Taylor (1990) and Pomeroy (1990). In case reports of cortical blindness following
meningitis complete loss of vision was rare (Acers and Cooper, 1965; Trepperberg et al,
1977). Grimwood et al (1995) reported one child who was blind following meningitis
and 9.5% of children in the study affected by other visual abnormalities.
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Grimwood et al (1995) assessed children’s behaviour through parents and teachers.
Parents whose children had experienced meningitis reported more behavioural
problems, although in this study the difference between the index children and controls
was only marginally statistically significant. However, based on teachers’ rating, index
children had more behavioural problems and their adaptive functioning scores were also
significantly lower.

Grimwood et al (1995) reported hydrocephalus among 1.5% of children in their study.
Although this is a recognised consequence of meningitis (Feigin and Pearlman, 1998)
there is little available published information on the prevalence following meningitis.
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2.4 Risk factors for poor outcome
The ability to predict which children may be adversely affected by bacterial meningitis
is important. Not only does it enable health professionals to counsel parents about the
likely outcome for their child, but it also means that children identified to be at greater
risk of death or disability can be given specific or innovative treatments that may
improve outcome. Indeed, until preventive strategies are introduced against all forms of
meningitis, prediction of those children who are at high risk may be the only effective
means of reducing death and damage caused by the infection. In this section the main
findings from studies that have investigated predictors of outcome in bacterial
meningitis are reviewed.

A major limitation of even well designed studies that have investigated the association
of various clinical features with outcome, is study size. In one well designed prospective
cohort of 166 children, there were 8 deaths and 11 children with severe sequelae. In
regression analyses to identify independent risk factors for poor outcome, the 95%
confidence intervals presented for the odds ratios all have a lower limit of 1.0-1.2,
with higher limits ranging between 6.7-100. This lack of precision in the estimates of
the odds ratios limits the applicability of the findings (Grimwood et al, 1995).

Other studies have included even fewer children. Herson and Todd (1977) developed
a score for predicting death or severe sequelae following Haemophilus influenzae
meningitis. This was based on signs at admission and follow up of 73 patients. In this
cohort, there were only 2 deaths and 6 children with severe sequelae and the authors
did not include either hearing loss or ataxia as severe sequelae. Herson and Todd do
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not present confidence intervals for their estimates of the odds of poor outcome,
limiting the interpretation of the findings.

Definitions of poor outcome
In studies where the issue has been addressed, definitions of outcome vary. Kaayesen
and Flaegstad (1995) included death, and sequelae that persisted for more than one year
including: hydrocephalus, mental retardation, ataxia, hearing impairment, seizure
disorder or focal neurological findings. Grimwood et al (1996) assigned children to one
of three categories: normal, minor or major adverse outcome based on subjective
assessment of the level of disability.

Duration of symptoms
Long duration of symptoms before diagnosis has been reported to be a predictor of poor
outcome (Herson and Todd, 1977; Edwards and Baker, 1981; Bohr et al, 1983; Valmari
et al, 1987; Kaareson and Flaegstad, 1995; Grimwood et al, 1996)

although not

consistently (Kilpi et al, 1991). Grimwood et al (1996) reported duration of symptoms
longer than 24 hours to be an independent risk factor for poor outcome. This is one of
the few studies in which regression analyses have controlled for the effects of other
variables. In this study it was found that the longer the illness prior to the diagnosis and
initiation of treatment, the greater was the risk to the patient.

The definition of duration of symptoms is problematic since without serial lumbar
punctures it is not possible to establish exactly when the meningitis starts (Kaareson and
Flaegstad, 1995). In a review of 22 studies including 4707 patients, no association was
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found between duration of symptoms and outcome if the meningitis presented as a non
specific illness lasting less then 3-5 days, but in patients with overt meningitis, delay in
starting therapy increased the risk of damage (Radetsky, 1992).

These conflicting results are probably partly a consequence of the study methods.
Among the studies included in the review, retrospective studies tended to find an
association with duration of symptoms while prospective studies did not (Radetsky,
1992). A recent, well designed prospective investigation is one of few in which multiple
regression analyses were used to control for the effects of other factors (Grimwood et al,
1996).

Clinical state on admission to hospital
There is also conflicting evidence about the significance of the child’s clinical state on
admission. Coma on admission is relatively uncommon, occurring in about 3-4% of
children with bacterial meningitis, (Feigin and Pearlman, 1998) and thus large numbers
of children are required to investigate its association with outcome. Seizures on
admission are more common, occurring in about 20% of children (Feigin and Pearlman,
1998), but the significance of both of these clinical states is conflicting. While seizures
on admission have been found to be a significant predictor of poor outcome (Herson and
Todd, 1977; Kaareson and Flaegstad, 1995), other researchers have reported that only
seizures occurring later on in the course of the illness were important (Lindberg et al,
1977; Grimwood et al, 1996).

Grimwood et al (1996) argue that seizures or coma early in the disease are likely to be a
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consequence of metabolic changes, raised intracranial pressure or fever whereas seizures
occurring later than 72 hours after diagnosis are suggestive of brain ischaemia or
damage.

Causative organism
The outcome of Haemophilus influenzae has attracted most interest, and thus the overall
estimates of sequelae associated with this infection are probably the most reliable. The
meta-analysis of prospective studies by Baraff et al (1993) included a total of 1085
children who had suffered this infection. In studies that have included all the bacterial
causes of meningitis, pneumococcal is found to be associated with the highest risk of
adverse outcome (Ozdamar et al, 1983). However, there are few reliable data on the
outcome of this infection. Only 9 studies involving a total of 122 patients who had
suffered pneumococcal meningitis were included in the meta analysis (table 2.1).
Meningococcal meningitis is generally found to be associated with the lowest rate of
sequelae (Baraff et al, 1993).

Clinical findings
Other clinical measures reported to be associated with an increased risk of adverse
outcome include a low CSF glucose level, (Nadol, 1978; Feldman et al, 1982; Berlow et
al, 1980; Dodge et al, 1984; Vienny et al, 1984; Lebel et al, 1988; Woolley et al, 1999)
particularly in relation to hearing loss, although this association has not been found
consistently (Edwards and Baker, 1981; Ozdamar et al, 1983). An increased white cell
count has also been identified as a predictor of poor outcome (Nadol, 1978; Edwards
and Baker, 1981).
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Age at infection
It is not surprising that young age has been reported to be associated with adverse
outcome (Herson and Todd, 1977;

McIntyre et al, 1993; Grimwood et al, 1996).

Grimwood et al (1996) found an association between age of one year or less and poorer
outcome, while McIntyre et al, (1993) reported that the proportion of children with
neurological deficits at follow up was more than twice that of older children. For
children less than one year there was little difference between the 0-6 months and 7-12
month age groups. However, this was not the case for all deficits and it was of interest
that ataxia and sensorineural hearing loss were five times more common among children
older than 2 years than children who were 12 months or younger. This association with
older age and an increased prevalence of hearing loss has been previously observed
(Dodge et al, 1984; Baldwin et al, 1985).

Risk factors associated with sensori-neural hearing
The investigation of factors associated with sensori-neural hearing loss has attracted
particular attention (Berlow et al, 1980; Dodge et al, 1984; Feldman et al, 1982; Lebel
et al, 1988; Nadol, 1978; Vienny et al, 1984; Woolley et al, 1999). In addition to a low
CSF glucose level, the presence of ataxia is reported to indicate a child at higher risk of
hearing impairment (Kaplan et al, 1984; Odio et al, 1991). However, ataxia is probably
a condition that is associated with sensori-neural hearing loss rather than a predictive
factor (Fortnum, 1992). Male gender has been reported to be an independent risk factor
for sensori-neural hearing loss in one large prospective study (Woolley et al, 1999).
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Socio-demographic factors
Few studies have focused on the association of socio-demographic characteristics and
adverse outcome. Taylor et al (1990) found lower socio-economic status to be a
predictor for poorer outcome in a number o f assessments of IQ, communication skills
and adaptive behaviour.
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2.5 Key points
•

Studies designed to investigate the consequences of meningitis in childhood vary
considerably in their quality.

•

The inclusion of children of different ages, with different causes of meningitis, and
poor follow up rates may bias results.

•

Outcome following infection with Haemophilus influenzae has attracted most
attention, and thus the estimates of rates of sequelae associated with this infection
are likely to be the most reliable.

•

There are few reliable data on the consequences of pneumococcal meningitis.

•

Most studies have focused on the severe outcomes of meningitis. Few report the
complete spectrum of sequelae associated with meningitis.

•

There is some evidence that children who have made an apparently full recovery
following meningitis may have subtle deficits which could nevertheless have an
impact on their life and compromise their learning abilities.

•

A number of risk factors for poor outcome have been described. In general these
have been reported from studies that are based on a small number of children which
may limit their applicability.
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Chapter 3

The epidemiology and prevention of
bacterial meningitis

This review of the epidemiology and prevention of bacterial meningitis is restricted to
English language papers which have focussed on industrialised countries with social and
economic situations broadly comparable to the UK. In the first section, the incidence of
bacterial meningitis in childhood from various data sources is reviewed and this is
followed by a discussion of the risk factors for developing the disease.

3.1 Incidence and prevalence of bacterial meningitis
Sources of data in the UK
The three routine sources of data on bacterial meningitis are: reports of laboratory
confirmed infections, statutory notifications of clinical disease and death registrations.

3.1.1

Reports of laboratory confirmed infections to the
Public Health Laboratory Service

Since 1974 the 53 public health laboratories, and an increasing number (247 in 1992)
of National Health Service and private laboratories in England and
voluntarily reported isolates of organisms
including Haemophilus influenzae,

from blood

and

Wales, have

cerebrospinal

fluid

S. pneumoniae and N. meningitidis to the PHLS

Communicable Disease Surveillance Centre. Details of the age and sex of the patient
as well as causative organism are routinely provided. These data have limitations since
the typing of strains and antibiotic sensitivities are not reported routinely and
clinical details are often incomplete (Macleod, 1994). Isolates of N. meningitidis are
sent to the PHLS Meningococcal Reference Unit for typing. The laboratory reporting
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system is considered to be more complete than other notification sources, although
some cases are missed and only confirmed cases are included (Davies, 1989; Harvey et
al, 1989; Synnott et al, 1994). A PHLS regional survey of invasive infection with
Haemophilus influenzae found considerable variation in the degree of under-reporting
from 2% in Wales to 27% in the Northern region (Macleod, 1994).

3.1.2 Notifications of clinical disease
Doctors in England and Wales have a statutory duty to notify cases of certain infectious
diseases, including meningitis, to the Consultant in Communicable Disease Control
(CCDC) in the Local Health Authority. The main purpose of this notification system is
to enable immediate action to be taken to prevent spread of infection, but the data are
also used to monitor trends in disease incidence. CCDCs inform the Registrar General
at The Office for National Statistics (OPCS) of the numbers of cases notified on a
weekly basis. ONS collates the data for the analysis of local and national trends and
these are published on a routine basis annually by the PHLS Communicable Disease
Surveillance Centre.

There is considerable evidence that, in common with other infectious diseases, bacterial
meningitis is seriously under notified (Davies, 1989; Goldacre and Miller, 1989; Harvey
et al, 1989; Synnott et al, 1994) even during much publicised outbreaks (Cartwright et
al, 1986). The completeness

of notification rates varies not only between districts,

but also with the type of meningitis. Fortnum and Mason (1993) studied notification
rates of bacterial meningitis over a ten year period in Nottingham District Health
Authority. They found that 44% of cases were notified to the appropriate local officer,
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with the rate increasing over the decade from 25% in 1980-1984 to 55% in 1985. The
most complete notifications were for meningococcal meningitis (70%), and the poorest
for neonatal meningitis (3.4%).

A comparison (made by the researcher) of the number of laboratory reports and
notifications of pneumococcal meningitis in children under 1 year of age, revealed that
over the period 1982-1992 there were 1,023 laboratory reports to the PHLS. Over the
same period there were 395 notifications of clinical disease. Based on these two sources
of information, the age specific incidence rate of pneumococcal meningitis in children
under one year in England and Wales could be either 15.3 per 100,000 or 5.9 per
100,000 (source of data CDSC).

A further limitation of using notification data for monitoring long term trends is that the
nomenclature for meningitis has changed since notification of the condition began in
1912. Initially the term cerebrospinal fever was used to describe meningococcal
meningitis. In 1950 this became meningococcal infection, and included infection of
sites other than the meninges. In 1968 the category became acute meningitis and
notifiers were asked to state the causal organism if known. A further change came
about in 1988 when it was changed to meningitis with a separate category for
meningococcal septicaemia (without meningitis) (McCormick, 1993).
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3.1.3 Registration of deaths
Following a death the attending doctor is required to complete a certificate of the cause
of death which is taken to the local registrar of births and deaths. The death certificate is
set out in two parts. In part I the condition or sequence of conditions directly leading to
death is described, while Part II gives details of any associated conditions which
contributed to the death.

The selection of the underlying cause of death is made from the condition or conditions
mentioned on the certificate. The choice is made in accordance with international
procedures, determined in the main from the statement of the person certifying death
(ONS). Categories that relate to bacterial meningitis are: meningitis, bacterial
meningitis,

Haemophilus

influenzae

meningitis,

meningococcal

meningitis,

pneumococcal meningitis, streptococcal meningitis, staphylococcal meningitis (Office
for National Statistics, 1997).

It is evident that accurate surveillance of meningitis is reliant on multiple sources of
routinely collected information so that a complete picture of the pattern of disease can be
obtained (Davies, 1989). Nevertheless, if there is no significant change in the level of
under reporting with time,

each individual source provides useful information for

monitoring temporal and geographical trends.
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3.1.4 Epidemiological surveys
Well conducted population based surveys in which active methods of case finding are
used, provide the most accurate surveillance of disease. Active reporting by
microbiologists, or paediatricians has been used in such studies (de Louvois et al, 1991;
H ow ards al, 1991; Nazareth et al, 1992).

In 1990 a survey of invasive Haemophilus influenzae disease was set up by the
Public

Health

Laboratory

Service, Communicable

Disease Surveillance Centre

(PHLS CDSC) to improve the surveillance of Hib, and to assess the impact of the
vaccination programme. Surveys were initiated by the Oxford region and Wales in
1980 and 1988 respectively, and a cross sectional survey conducted in the North
Western region in 1989. The PHLS regional survey developed and extended these
surveys to include five of the fourteen English regions (East Anglia, Northern,
North Western, Oxford, South Western) and Wales. Although data were not collected
for the heavily populated Thames and West Midlands regions, they do provide an
important baseline for assessing the impact of the vaccine. Microbiologists in each of
the regions were asked to report

all episodes of invasive Haemophilus influenzae

infection to either Oxford or Bangor reference laboratory (now a public health
laboratory) (Nazareth et al, 1992).

Within Europe, surveillance of

meningococcal disease is co-ordinated from the

Department of Public Health, King’s College, London. This initiative began in 1988
with the aim of investigating the epidemiology of meningococcal disease, and it now
includes surveillance of other causes of bacterial meningitis in some countries. Statistics
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are provided on population age distributions and are used to calculate age standardised
and age specific incidence rates for each country. Differences in reporting rates are
potential problem in all such schemes, but by harmonising the information gathered,
previously unavailable information will emerge which will make an important
contribution to the understanding of the epidemiology of bacterial meningitis (Noah
and Connolly, 1996).

3.2 Incidence of Haemophilus influenzae meningitis
3.2.1 Industrialised countries
Incidence rates of Haemophilus influenzae meningitis for children under five years
reported from selected published population based studies are presented in table 3.1.
These studies have been selected to demonstrate the range between and within countries.
This discussion of the incidence of Hib meningitis relates to the situation prior to the
introduction of Hib vaccine. The impact of the introduction of the vaccine will be
discussed in chapter 4.
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Table 3.1

Incidence of Hib meningitis in children less than 5 years of age
reported from selected population based studies

Author and
Year

Location and years

Type of
study

Incidence
per 100,000
population
30.7

Trollfors et al,
1987
Takalae^n/, 1989
Howard 1991

retrospective

Sweden 1981-83

prospective
prospective

Booy et al, 1993
Urwin et al, 1994

prospective
prospective

26
22
30.7
25.1
22

Berg et al, 1996
Gilbert et al,
1990
Gervaix and Suter
1991
Murphy et al,
1987
Coulehan et al,
1984
Losonsky et al,
1984
Hanna and Wild
1991

retrospective
retrospective

Finland 1985-86
Wales 1988-90
Gwynedd 1980-90
Oxford, England 1985-91
N.E Thames Region, England
1991-93
Sweden 1987-89
Victoria, Australia 1985-87

retrospective

Geneva, Switzerland 1976-89

24.9

prospective
retrospective

Dallas County, US} 1982-84
Minnesota, US
}
US, Navajo Indians 1974-80

67
45
153

retrospective

US, Apache Indians 1973-82

254

retrospective

Hanna 1990

retrospective

W. Australia 1984-88
non-aboriginal population
aboriginal population
N.Territory, Australia 1985-88
non-aboriginal population
aboriginal population
Alaska 1980-82
natives
non-natives

Ward et al, 1986

prospective
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27.7
25

27
150
53
159
282
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The data presented in table 3.1 demonstrate the considerable temporal and regional
variation in the incidence of Hib even within countries. The lowest incidence rates of
Hib meningitis, between 20-30 per 100,000, are reported from the UK and Northern
European countries (Berg et al, 1996; Gervaix and Suter, 1991; Howard et al, 1991;
Takala et al, 1989; Trollfors et al, 1987; Urwin et al, 1994). In the US and Australia,
rates in non-indigenous populations tend be higher, between 20-60 per 100,000
children under five years (Gilbert et al, 1990; Hanna, 1990; Hanna and Wild, 1991;
Murphy et al, 1987; Ridgway et al, 1995). However, the highest rates are reported
from studies among the American Indian and Eskimo populations and the Australian
Aborigines (Coulehan et al, 1984; Losonsky et al, 1984; Ward et al, 1986; Hanna,
1990; Hanna and Wild, 1991).

Part of this variation in reported rates is attributable to the study design used:
retrospective or prospective, whether active case finding methods have been used,
and to the different populations surveyed. However, studies during the same time
period that have used the same approach but in different regions, have demonstrated
real regional variation in the incidence of Hib (Murphy et al, 1987).

It is likely that even in the most carefully conducted studies there is under-estimation
of Hib infection. Case definition usually depends on the isolation of the organism
from a normally sterile site, either the blood or CSF. Antibiotic therapy commenced
before blood cultures are obtained may render the specimen sterile or it may not be
possible to obtain specimens. However, since meningitis is such a severe condition it
is unlikely to be missed and the number of cases undetected is probably small.
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3.2.2 Haemophilus influenzae type b meningitis in the UK
The highest and lowest age specific incidence rates of Hib meningitis reported for
children under five years from population based surveys in the UK, were 17.3 and
30.7 per 100,000 (Fallon and Reid, 1991; Howard et al, 1991).

Some of this

variation can be attributed to different study methods. Fallon’s study from Scotland
was based on retrospective analysis of passive laboratory notifications over an
eleven year period, (1979-1989 inclusive). It is likely that there is some under
ascertainment of cases, since there tends to be under-reporting in systems that rely
on passive reporting.

Howard et al (1991) used prospective, active reporting from medical microbiology
laboratories over an 11 year period (1980-1990) in Gwynedd. This scheme was
extended to include the whole of Wales during 1988-1990. Higher rates were
reported from the county of Gwynedd than from the whole of Wales (30.7 v 22 per »■
100,000). This may reflect a true variation in the pattern of Hib meningitis in this
age group, or it may be that cases of Hib meningitis among residents of Wales were
hospitalised outside the country and were not therefore included in this survey. This
is less likely to be so for children resident in Gwynedd which is bordered by either
the sea or other Welsh counties.

Nazareth et al (1992) also found variation in the incidence of disease in a survey of
invasive Haemophilus influenzae infections in six regions of England and Wales.
Although these data include all infections caused by the bacterium and represent
only one year’s surveillance, the incidence of Hib infections per 100,000 children
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under five years ranged from 20.1 in the Northern region to 33.3 in the South West.
Again, this could be either true geographical variation or a reflection of different
reporting patterns.

In a prospective study in the Oxford Region, Booy et al (1993) collected clinical
and epidemiological data over a seven year period on children under 10 years of age
with confirmed invasive Hib disease. Children presenting at hospitals outside the
region were excluded. In the first six years of the study, before Hib immunisation
was introduced, the incidence of Hib meningitis in children younger than five years
was 25.1 per 100,000. From these figures it was estimated that there would be 1400
cases of Haemophilus influenzae type b invasive disease, and over 900 cases of
Haemophilus influenzae type b meningitis, occurring annually in the UK in children
less than five years of age. Urwin et al (1994) reported a similar rate (22 per
100,000) from the densely populated North East Thames region. This represents the
rate for the year preceding the introduction of Hib vaccine.

All these active surveys suggest that the incidence of Hib infections calculated from
routine sources significantly underestimates the true impact of the disease in an
unvaccinated population.

3.2.3 Haemophilus influenzae type b meningitis outside the UK
Much of the understanding of Haemophilus influenzae type b (Hib) disease has
arisen from studies conducted in the United States where, prior to the introduction
of a vaccine, Hib was the most common cause of bacterial meningitis. Within the

72

v

US the incidence of meningitis reported from population based studies among non
native groups ranged from 19 to 69 cases/100,000 children less than five years of
age (Broome, 1987).

Although this variation in reported rates is partly explained by different methods of
ascertainment, there appear to be real differences in rates between areas.

For

example, studies conducted in Dallas County, Texas and Minnesota, using similar
methods of laboratory based, prospective surveillance during the same time period,
found substantially different rates for total invasive disease (109 v 69 cases/100,000
children younger than five years) (Murphy et al, 1987).

However, the most striking differences are between native and non-native
populations. Among Native American populations, reported incidence rates range
from 152 to 474/100,000 person years in children under five years, with the highest *
rates reported in the Eskimo population (Broome, 1987). This striking difference has
also been observed in other countries, notably Australia, where the aboriginal
population have markedly higher rates than the non-native population (150 per
100,000 children under five years v 27 per 100,000 children) (Hanna and Wild,
1991).

3.3 Meningococcal meningitis
Meningococcal disease occurs world-wide and most industrialised countries
experience endemic disease. In Western Europe and the USA serogroups B and C
are the most prevalent serogroups accounting for 95% of cases (Jones, 1995) and in
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the UK two thirds o f cases are attributable to serogroup B, with the remainder due to
serogroup C (figure 3.1). Only a small minority o f cases are caused by serogroups
A,Y or W 135 (Noah and Connolly, 1996).

Figure 3.1 Serogroups causing meningococcal disease:
isolates referred to the Meningococcal Reference Unit
1984-1996
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In England and Wales and Europe as a whole, meningitis, or meningitis and
septicaemia combined, are the main manifestations o f meningococcal disease (Noah
and Connolly, 1996; Ramsay et al, 1997). Since the introduction o f Hib vaccine
Neisseria meningitidis has become the major cause o f bacterial meningitis in the
UK.

3.3.1 In cid e n ce o f m e n in g o c o c c a l m e n in g itis
Incidence rates for Neisseria meningitidis meningitis are generally lower compared
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with the incidence of Haemophilus influenzae meningitis, but variation in rates in
different countries is more difficult to assess due to a paucity of studies that have
specifically looked at meningococcal meningitis. Aronson et al, (1991) studied all
three main bacterial causes of meningitis in children less than five years in Rhode
Island, USA between 1976-85, and reported that the incidence of Haemophilus
influenzae was about four times higher that that for meningococcal or pneumococcal
meningitis. In Sweden, Berg et al, (1996) reported an incidence of 4.9 per 100,000
of meningococcal meningitis among children under five years of age.

Across Europe and the USA the disease is most common in young children, with the
highest age specific rates at between 4-7 months of age (Jackson and Wenger, 1993;
Jones, 1995). This peak occurs in the period between the disappearance of passive
immunity, derived from maternal antibodies, and before active immunity has
developed. However, the age distribution of cases infected with the main serogroups
appears to differ. In 1995, 57% of serogroup B cases were in children under 5 years
and 30% over 14 years. In contrast, 50% of cases of serogroup C cases were in
children over 14 years with only 30% under 5 years of age (Kaczmarski, 1997)
(Figure 3.2).
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Figure 3.2

Meningococcal disease by age: isolates referred to PHLS 1994/5

Age ( y e a r s )

3.4 P n e u m o co c c a l m e n in g itis
The pneumococcus is a potential major CNS pathogen in every age group from one
month o f age (Conway, 1991). Invasive pneumococcal infections may present as
pneumonia (S. pneum oniae is the prime cause of community acquired pneumonia),
bacteraemia and meningitis. Meningitis is the most frequent presentation o f
pneumococcal infection in young children and, since the introduction o f Hib
vaccine, S. pneum oniae has become the second commonest cause o f bacterial
meningitis (CDSC 1997). Invasive pneumococcal infections are associated with
high rates o f morbidity and mortality world-wide, especially among young children
and the elderly (Laurichesse et al, 1998). S. pneumoniae is also a common cause o f
otitis media in children and acute bronchitis in adults.

3.4.1 In cid e n ce o f p n e u m o c o c c a l m e n in g itis
In England and W ales the mean annual incidence of pneumococcal meningitis based
on passive laboratory reports, among children under 1 year o f age, was 9.4/100,000
(Laurichesse et al, 1998). From their three year prospective laboratory based study
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in the North East Thames Region, Urwin et al (1996) reported a rate of 5.5 per
100,000 in children under five years. This rate is broadly similar to that reported
from the few population based studies conducted in Europe and the USA, although
there are differences. These are probably a consequence of the study methods,
completeness of reporting and variations in clinical practice as well as true
differences.

Based on a nation-wide laboratory based prospective reporting scheme in Finland
between 1985-89, Eskola et al (1992) reported an incidence rate of pneumococcal
meningitis of 2.1/100,000 for children under five years. For children less than one
year the rate was 6.8/100,000. Considerable effort was made in this study to ensure
that case finding was complete and the individuals responsible for notifying were
contacted regularly and provided with training and regular feedback. Berg et al,
(1996) reported a rate of 4.1 per 100,000 children under five years of age from
Sweden, while in a earlier study Burman et al, (1985) reported a rate of 12/100,000
for children less than one year of age in Goteborg, South Western Sweden. This
latter study was based on a retrospective review of bacteriology records between
1970 and 1980.
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3.5 Mortality rates for bacterial meningitis
Between 1989-1995, estimated crude case fatality rates for meningococcal
meningitis, estimated from notified cases and death registrations in England and
Wales, remained fairly stable at around 3.5% (range 4.7-2.7%) (Ramsay et al, 1997).
Mortality rates associated with pneumococcal meningitis are relatively high,
particularly among young children. Urwin et al, (1996) reported a mortality rate of
7% associated with pneumococcal meningitis in children under five years in the
North East Thames Region. A mortality rate of about 5% has been reported for
Haemophilus influenzae meningitis in the Oxford Region (Tudor-Williams et al,
1989).
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3.6 Risk factors for bacterial meningitis
There is a considerable body of literature focusing on risk factors for the
development of meningitis caused by Haemophilus influenzae type b in childhood.
Far less attention has been given to identifying risk factors for meningococcal and
pneumococcal meningitis; the available literature tends to focus on risk factors for
invasive infection in general. In this section the major risk factors for the
development of invasive infection caused by the three main bacteria, with particular
reference to meningitis in early childhood, are reviewed.

Factors that increase the risk of bacterial meningitis are either associated with an
increased susceptibility to the infection such as age, race and underlying disease or
those that are associated with an increased risk of exposure to the organism, such as
contact with a case.

Age
The most striking epidemiological feature of bacterial meningitis is the age
distribution, with the highest incidence rates occurring among the very young.
Figure 3.3 shows the age distribution of the three major bacterial organisms in
England and Wales between 1984-1987, prior to the introduction of Hib conjugate
vaccine.
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Figure 3.3

Bacterial meningitis in England and Wales:
age distribution of reported cases 1984-87
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Although there is some variation in the age distribution between countries and
populations within countries, in virtually all populations the highest risk o f Hib
meningitis occurs between 6 and 12 months or 6 and 18 months o f age. In the UK
after the first few months o f life, the incidence o f Hib meningitis rises dramatically
and peaks between 6 and 11 months of age (Nazareth et al, 1992). After the age of
five years, when natural immunity has been acquired,
common.

Hib meningitis is less

In the six English regions surveyed between 1990-91, only 10% o f

invasive Hib infections occurred among adults and in the North East Thames Region
over a two year period, only 6.5% o f Haemophilus influenzae meningitis infections
were among adults (Urwin et al, 1994).
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The picture is similar in the US, although among native populations such as Navajo
and Apache Indians a greater proportion of Hib infections occur at a younger age
than among the non-native population. This is also true for native populations in
Alaska and Australia (Hanna and Wild, 1991).

Jones and Mallard (1993) reported a rate of meningococcal disease among neonates
of 5.9 per 100,000. The incidence peaked at 6 months (52 per 100,000) and declined
upto 4 years of age (about 4 per 100,000) with a secondary smaller peak occurring at
17-18 years. This pattern would appear to be a consequence of rapidly waning
maternally acquired immunity. This is replaced by effective acquired

natural

immunity which reduces the incidence of this disease from six months onwards.
However, as previously discussed, the picture differs for the different serogroups,
with a greater proportion of invasive disease among young adults caused by
serogroup C.

Similarly, infants under one year of age are at greatest risk of acquiring
pneumococcal meningitis (Eskola et al, 1992). The incidence rises again with
increasing age; the elderly are also particularly at risk from pneumococcal infection
(Moxon, 1995).

Gender
In Northern Europe and the USA, some studies have reported slightly increased rates
of all types of bacterial meningitis among males compared with females (Berg et al,
1996; Takala et al, 1989). In one study the ratio of pneumococcal infections and
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meningococcal infections in males to females was 1.7:1 and 1.4:1

respectively

(Berg et al, 1996). However, this excess of infection in males has not been
consistently reported (Jackson and Wenger, 1993), and gender does not appear to be
an important risk factor for acquisition of meningococcal disease (Cartwright,
1995a).

Race
In several population based active surveillance studies, race has been identified as a
potential risk factor for bacterial meningitis (Urwin et al, 1994; Urwin et al, 1996),
although the risk has been reported to be less marked for meningococcal infection
(Fraser et al, 1974). Incidence rates of Hib meningitis among native peoples such as
the Australian aboriginal population are among the highest in the world (table 3.1).
Population studies in Alaska clearly demonstrate that there is a high risk for Hib
meningitis among the Eskimo population (Ward et al, 1986). High rates have also
been reported for Navajo and Apache Indians (Coulehan et al, 1984; Losonsky et
al, 1984). There also appear to be higher incidence rates of pneumococcal disease
among the same ethnic groups that are particularly at risk of Hib disease. In a seven
year surveillance study among the Alaskan native population, the annual incidence
rate of pneumococcal meningitis in children under two years was 216 per 100,000
persons (Davidson et al, 1989). In this population, Davidson also found a high
proportion of children with underlying illnesses such as anaemia, prior pneumonia
and low birth weight, which might partly explain these high rates.

In the North East Thames Region between 1991-3, rates of bacterial meningitis were
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compared between three ethnic groups. There was no significant difference in the
rates of meningococcal meningitis among Caucasians, Asians and Black people.
However, rates of Haemophilus influenzae meningitis were significantly higher
among Asians compared with Caucasians. Among children under the age of one
year, there were higher rates of Haemophilus influenzae meningitis in both Black
and Asian children than in Caucasian children, but the difference was not
statistically significant (Urwin et al, 1994). In a further study of pneumococcal
meningitis in the same region between 1990-93, significantly higher rates of
infection were reported for the Asian population (2.1/100,000) when compared with
Caucasians (0.8/100,000), and Blacks (0.6/100,000, p=0.002) (Urwin et al, 1996).

It is difficult to unravel the confounding effects of socio-economic variables from
these observations. It remains to be determined whether this higher incidence is
primarily associated with specific host factors, or with lower socio-economic status,
and interrelated factors such as crowding and family size which could influence
exposure and transmission (Urwin et al, 1994).

However, in one study of the

antibody response to H. influenzae type b polysaccharide vaccine, Siber et al (1990)
reported that healthy Apache children had 10-fold lower antibody levels than age
matched white children. They suggested that this could be due to a combination of
nutritional and genetic factors. Thus, immunodeficiency may be an important factor
contributing to the high risk of H. influenzae infection among this population.
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Socio-economic deprivation
There is some evidence for an association between social deprivation and
overcrowding and an increased risk of bacterial meningitis. Stanwell-Smith et al
(1994) demonstrated a link between lower social class and overcrowding, and an
increased risk of meningococcal meningitis. However, in this study the effects of
numerous factors were investigated and without a multivariate analysis it is not
possible to determine if this was an independent effect. In a study in South-West
England, meningococcal disease cases were more likely than controls to come from
lower-income households (Stuart et al, 1988). In the North East Thames Region
rates for meningococcal meningitis in children under 4 years were 74% higher in
overcrowded areas. Rates for pneumococcal meningitis were approximately twice as
high in the most deprived wards and the most overcrowded wards. No such
association was found for Haemophilus influenzae meningitis (Urwin et al, 1994).

In Fischer et aVs (1997) case control study of risk factors for meningococcal disease,
having a mother who was not a high school graduate was found to be an
independent risk factor for meningococcal disease. However, better measures of
poverty, for example living in a household with an annual income below the poverty
threshold and having either Medicaid or no medical insurance, although also
associated with disease, were not included in the multivariate analysis and so their
independent effect cannot be determined.

In a population based case control study of risk factors for Hib infection, Cochi et al
(1986) found an increased risk for infection with increasing household crowding. In
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this study lower income was no longer a significant risk factor after adjustment for
other socio-economic variables.

Underlying disease
It has been reported from population based studies of pneumococcal disease that a
significant proportion of cases have underlying conditions that might predispose
them to infection. Kaplan et al

(1998) conducted a three year prospective

surveillance study of systemic pneumococcal infections in eight children’s hospitals
located in different regions in the US. They found that over a quarter of the
infections occurred in children with an underlying condition. The three most
common conditions were central nervous system disorders (e.g. cerebral palsy,
seizure disorders), heart disease and malignancies. Similarly, in their Finnish study
Eskola et al (1992) found that 16% of patients had underlying disease, the most
common condition was acute lymphoblastic leukaemia. Although their study of
pneumococcal meningitis in the North East Thames Region was not limited to
children, Urwin et al (1996) reported that 22% of cases for whom the information
was available had a prior history of conditions that may have predisposed them to
the infection. Sickle cell disease and asplenia are known to be particular risk factors
for pneumococcal infection (Robinson and Watson, 1966), and vaccination is
recommended in all such individuals who are over the age of two years (Department
of Health, 1996).
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Tobacco smoke
Exposure to passive smoking has been found to be an important risk factor for
meningococcal disease in case control studies in England, Norway and the US
(Haneberg et al, 1983; Stuart et al, 1988; Vadheim et al, 1992; Stanwell-Smith et al,
1994; Fischer et al, 1997).

In their US case control study, Fischer et al (1997) found that having a mother who
smokes was the strongest independent risk factor for invasive meningococcal
infection for children under 18 years. Children under the age of 5 years with
meningococcal disease were 8.4 times more likely to have a mother who smoked
than their matched controls. An increased number of smokers living in the home,
and an increased number of packets of cigarettes smoked by these household
members, had a significant linear relationship with the risk of meningococcal
disease.

This supports the earlier findings of Stanwell-Smith et al (1994). In their case
control study of cases under five years of age, the odds ratios rose with increasing
numbers of cigarettes smoked daily in the home, and also with the number of
smokers in the households. However, the confidence intervals around the estimates
become wider with increasing numbers of cigarettes and increasing numbers of
smokers, (for example for 30 or more cigarettes smoked daily in the home OR=7.50,
95% Cl 1.46-38.7). Importantly this association was not abolished by adjustment for
social class.
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The mechanism for this increased risk of meningococcal disease is discussed by
Stanwell-Smith et al (1994). Smokers are more likely to be meningococcal carriers
(Stuart et al, 1989), which may mean that those exposed to passive smoking also
have a greater exposure to carriers. Another explanation is that smokers may spread
bacteria more effectively through coughing, and the direct damage caused to the
nasopharyngeal mucosa through living in a smoky atmosphere may make children
more liable to acquire meningococci (Cartwright, 1995).

Viral infections
There is a possible association between virus infections and increased susceptibility
to bacterial meningitis. It has been reported that influenza virus infection increases
the risk of meningococcal disease (Cartwright et al, 1991b), and that a variety of
viruses, including influenza, might predispose individuals to Haemophilus
influenzae type b disease (Takala et al, 1993). In an analysis of cases of v
meningococcal disease that could be attributable to influenza in the UK during
1989/90, the risk of meningococcal disease following influenza was calculated to be
about one in 100,000 (CDSC 1995). The mechanisms proposed for this are that
either having a viral infection causes damage to the oropharyngeal mucosa which
leads to dissemination of pathogenic organisms, or that having a viral infection
reduces host immunity and thus ability to fight off further infection (Cartwright et
al, 1991b).
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Stressful life events
Stanwell-Smith et al (1994) and Haneberg et al (1983) found an association between
particular life events including marital arguments and recent legal disputes, and
acquisition of meningococcal disease among both adults and children.

Attendance at day care centres
Attendance at group day care has been shown to be associated with an increased risk
of both Hib and pneumococcal infection. Most investigations have found between a
two and five fold greater risk among children attending day care (Clements et al,
1995; Cochi et al, 1986; Istre et al, 1985; Redmond and Pichichero, 1984; Takala et
al, 1989; Takala et al, 1995). A dose response has also been demonstrated, with the
risk increasing with increasing time spent in day care, and with increasing numbers
of children in the group (Clements et al, 1995; Cochi et al, 1986; Istre et al, 1985;
Redmond and Pichichero, 1984; Takala et al, 1989; Takala et al, 1995). There are no
comparable data from the UK, and so the relevance of these findings for this
country is not clear in view of differences in the organisation of day care in different
countries.

Secondary disease
Close contacts of individuals with meningococcal and Haemophilus influenzae
disease have been found to have an increased risk of acquiring infection. This has
been found to be particularly true of household contacts and day nursery contacts.
De Wals et al (1981) reported relative risks of developing meningococcal infection
of 76 and 23 respectively for day care nursery contacts and contacts at pre-primary
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school. Cooke et al, (1989) reported a relative risk of 144 among close family and
household contacts compared with the general population.

Because of the increased risk of meningococcal and Hib disease among contacts of
a case, it is recommended that chemoprophylaxis (rifampicin) should be offered to
close contacts.

Additionally, in the case of Group C

(or A, W135 and Y)

meningococcal disease, vaccine, is recommended. In this context close contacts are
defined as people who have had close, prolonged contact with the case (Cartwright
et al, 1991; Public Health Laboratory Service, 1995).

Protective effect of breastfeeding
Breast-feeding has been shown to be protective against Hib disease in studies in the
US and Scandinavia (Cochi et al, 1986; SilfVerdal et al, 1997; Takala et al, 1989)
but the evidence is not consistent (Clements et al, 1995). The suggested mechanism '
is that human milk inhibits the attachment of S. pneumoniae and H. influenzae to
human pharyngeal cells, while cow’s milk or formula milk enhances bacterial
attachment to epithelia, and therefore invasion of H. influenzae (Andersson et al,
1986).

Genetic susceptibility
It is well established that inherited deficiencies in both the classic and alternate
pathways of complement activation greatly increase the risk of meningococcal
disease (Booy and Kroll, 1998). These researchers consider that in the next few
years variation in human host genetic make-up will almost certainly be found to
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explain why only a tiny fraction of individuals who encounter the meningococcus
go on to develop invasive disease, and why in some cases the disease is so much
more severe than others.
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3.7 Prevention of bacterial meningitis
3.7.1 Haemophilus influenzae type b vaccine
During the past two decades efforts have been made to develop a vaccine against
Haemophilus influenzae type b infection. Immunity to Hib disease is correlated with
the presence of antibody to the Hib capsular polysaccharide, a polymer of ribosylribitol phosphate (PRP). This was first purified and characterised in the 1970s and a
vaccine subsequently developed. After demonstration of safety, immunogenicity,
and induction of serum bactericidal activity, an efficacy of 90% (95% Cl 50-95%)
was shown for one dose of vaccine given to children 18-71 months old in a large
trial in Finland (Peltola et al, 1977a).

Despite its proven efficacy among older children, the polysaccharide vaccine proved
not to be immunogenic in children less than 2 years of age, the age group in which
most infections occur. This is because PRP, like other polysaccharide antigens, is
poorly recognised by T-cells in the immature immune system, so specific antibodies
are not generated.
immunogenic

However, by linking or conjugating the antigen to an

carrier protein such as diphtheria or tetanus,

T-cell dependent

memory can be induced. Based on this principle, conjugate vaccines against Hib
have been developed in which the PRP or an oligosaccharide derived from it are
covalently linked to a protein (Ward et al, 1994).

Hib conjugate vaccines
Vaccines including conjugates of PRP to diphtheria toxoid (PRP-D), tetanus toxoid
PRP-T), a diphtheria toxin mutant (HbOC), and an outer membrane protein of
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meningococcus (PRP-OMP) have been extensively evaluated in clinical trials; high
efficacy

rates

have

been

observed

(90-100%).

However,

randomised

immunogenicity trials, in which conjugate vaccines have been compared with one
another, have demonstrated distinct differences in the response to these vaccines.
This has lead to different conjugate vaccines being introduced in different countries.
For example, although PRP-D proved highly effective in a Finnish efficacy study
and is now widely used as a routine vaccine for infants < 1 year of age in several
European countries, it was poorly efficacious in high risk Alaskan children. The
studies do not clearly indicate a ‘best’ vaccine, and since many of the elements of
study design differ they are not directly comparable (Ward et al, 1994).

Introduction of Hib vaccine to UK
A conjugate Hib vaccine (PRP-T) was introduced to the UK for routine use in
1992. Children are offered three doses of the vaccine as part of their primary course
with DPT and polio at two, three and four months (Department of Health, 1996). A
catch up programme in 1992/93 using HbOC, ensured that all children under four
years of age were offered Hib vaccine (Salisbury, 1998).

Monitoring of the Hib vaccination programme
In the UK the Hib vaccination programme is monitored through a combination of
routinely collected data on vaccine coverage, laboratory reports of invasive disease
and notifications of clinical disease. In addition active surveillance of invasive
Haemophilus influenzae disease is carried out through the British Paediatric
Surveillance Unit of the Royal College of Paediatrics and Child Health.
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Vaccine coverage
Vaccination coverage is monitored in the United Kingdom through the
COVER/Komer scheme. Data are collected from districts and health boards for the
numbers of resident children who have completed a primary course for each antigen:
three doses of diphtheria, tetanus, pertussis, polio and Haemophilus influenzae type
b vaccines and one dose of measles, mumps and rubella vaccine at any time up to
their first or second birthday (Begg et al, 1989).

In April to June 1998, overall coverage of Hib vaccine in UK was 95.2% by two
years of age, a figure that compares favourably with other vaccines included in the
childhood immunisation programme (diphtheria, tetanus and polio 95.6%).
However, the range in uptake of Hib vaccine demonstrates that coverage in some
trusts and boards is less impressive (77.4%-98.97%) (CDSC, 1998). Despite this, it
appears that herd immunity can still be achieved with these lower levels of vaccine
coverage. In the Republic of Ireland vaccine coverage is believed to be only
moderate (75%), yet there has been a >92% decline in disease incidence (Heath et
al, 1998).

Laboratory reports of invasive Hib infection
Figure 3.4 shows the numbers of laboratory reports of invasive Hib disease from
1989-1996 in England and Wales. The dramatic decline in reports following the
introduction of the vaccine in 1992 is clear. In the UK the reduction in cases of
invasive disease was 95% in the first three years after the introduction of the
vaccine. This decline was not only in the age groups receiving the vaccine but in all
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ages, suggesting that the vaccine also reduces carriage of the organism, an
observation that has been reported in studies (Takala et al, 1991).

Figure 3.4 Laboratory reports of invasive Haemophilus influenzae type b
infection England and Wales 1989-1996 (3rd quarter)
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Source: PublicHealthLaboratoryService: CommunicableDisease Surveillance Centre

Active surveillance of invasive Haemophilus influenzae disease
The British Paediatric Surveillance Unit of the Royal College of Paediatrics and
Child Health (BPSU) included invasive infection occurring after Hib immunisation
in its reporting scheme from September 1992. This is part of the on-going
monitoring of vaccine efficacy, and to assess the need for a booster dose of Hib
vaccine in the second year of life. In November 1995 the surveillance was widened
in order to determine the importance of disease due to non type b Haemophilus
influenzae and the case definition was changed to include all children with invasive

Haemophilus influenzae disease regardless of vaccination status. The BPSU has a
programme of active surveillance for selected rare paediatric conditions in the UK;
more than 90% of paediatricians routinely report to the BPSU on the card sent to
them on a monthly basis (Guy et al, 1998).

In this active surveillance for Haemophilus influenzae invasive disease,
paediatricians were requested to report any child aged less than 16 years irrespective
of vaccination status in whom Haemophilus influenzae (type b or not) was cultured
from a normally sterile site such as blood, CSF, or joint aspirate. Invasive disease
included meningitis, pneumonia, bacteraemia, epiglottitis, septic arthritis and
osteomyelitis. Where antibiotics were administered prior to cultures being collected,
clinical disease was compatible with invasive disease and either Hib antigen from a
normally sterile site, or a four fold rise in Hib antibody between acute and
convalescent serum specimens. Following notification, clinical samples were *'
collected for laboratory examination, and dates of all primary immunisation
gathered. The isolates were also sent to the UK Haemophilus influenzae Reference
Laboratory in Oxford for typing (Heath et al, 1998).

A true vaccine failure is defined as invasive Hib disease occurring more then 2
weeks after a single dose if vaccine was given to an infant older than 1 year; or more
than 1 week after three doses given in the first year of life. Apparent vaccine failure
is defined as Hib disease that occurs after vaccination has been given but before
protection could be reasonably expected to develop, for example, disease occurring
after one dose in the first year of life.
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By April 1998, 548 reports had been made of which 405 cases were vaccinated and
143 in unvaccinated children. There were 113 true vaccine failures and of these 41%
of children had associated conditions. These included immunoglobulin deficiency,
prematurity and Down syndrome. The majority of reported cases of invasive disease
were due to non type b Haemophilus influenzae (Heath et al, 1998).

The surveillance demonstrates the high levels of protective efficacy of Hib conjugate
vaccine PRP-T when given at 2, 3 and 4 months in the UK. In an earlier analysis the
estimated efficacy for three doses of PRP-T was 98.1% (95% Cl 97.3-98.7%) (Booy
et al, 1997). The investigators considered that a booster dose in the second year of
life may not be required, even though they noted a small decline in efficacy with
increasing age (95% in the third year of life). This was because overall high efficacy
rates, together with the virtual disappearance of invasive Hib disease in UK children,
high vaccine coverage and evidence of herd immunity did not indicate a need. This
is in contrast with current practice in most other developed countries where a
booster is given. Heath et al (1998) found high efficacy rates persisted up to five
years of age, but they emphasised the importance of continued surveillance to ensure
that a booster dose will not be required.

Impact of Hib vaccine in other countries
The widespread introduction of Hib vaccine in industrialised countries has had a
dramatic effect on the incidence of invasive Hib. In Finland in the first five years of
the Hib vaccination programme, the number of cases of Hib meningitis in children
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aged 0-4 years fell sharply from 30 in 1986 to none in 1991 (Peltola et al, 1992). In
the United States it was estimated that the introduction of the conjugated vaccines
in 1987 had resulted in the prevention of 10,000 to 16,000 cases of Hib disease in
1991 alone (Adams et al, 1993).

3.7.2 Meningococcal vaccines
Polysaccharide vaccines have been available for some years against N.meningitidis
serogroups A, C, Y and W135 strains. Serogroup A polysaccharide vaccine has
been found to be immunogenic in 3 month old infants after two doses (Peltola et al,
1978b; Peltola et al, 1977b), and although serogroup C polysaccharide vaccine has
been reported to be immunogenic in young infants, efficacy was not observed in
children under the age of two years in Brazil. It appears that the rate of decline of
antibody differs between the serogroups with a more rapid decline of antibody to
serogroup C.

These observations parallel the experiences in developing an effective Hib vaccine,
and it appears that meningococcal polysaccharide vaccines do not induce
immunological memory in young children (Herbert et al, 1995) Current, available
polysaccharide vaccines are not recommended for routine use, but for use among
immediate family or close contacts of a case of meningococcal disease confirmed as
serogroup A or C. In outbreaks of meningococcal disease occurring in closed, or
semi-closed communities such as schools and military establishments, immunisation
has proved effective in controlling epidemics by reducing infection rates (Public
Health Laboratory Service, 1995). It is also recommended that travellers to areas
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with high endemicity should be give meningococcal A and C vaccine (Department
of Health, 1996).

Introduction of meningococcal C vaccine to the UK
Since the most important role for an effective meningococcal vaccine is the
protection of very young children, much energy has been put into the development
of meningococcal conjugate vaccines. A vaccine against group C disease has been
found to be safe and immunogenic in infancy (MacDonald et al, 1998; Richmond et
al, 1999; MacLennan et al, 2000) and a vaccine was introduced into the UK in
November 1999 (CDSC 1999a). The UK was the first country in the world to
introduce this vaccine and it is offered to infants as part of their primary
immunisation schedule at 2, 3 and 4 months and, at the time of writing (mid June
2000), a catch up campaign is also in progress in which the vaccine will be offered
to all individuals up to the age of 20 years by the end of 2000. The vaccine was '
offered to infants and 15-17 year olds first, since they are at highest risk of invasive
infection (CDSC, 1999b). Although there are safety and immunogenicity data, there
are no data on efficacy from phase III trials. Pollard and Levin (2000) believe it to be
likely that the vaccine will protect against group C disease, but that it is possible that
a reduction in naspharyngeal carriage of group C meningococci could lead to a
replacement by non-group C meningococci with pathogenic potential such as Y,
W135 and B. This could result in the need for vaccines against the range of
meningococci serogroups.
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Monitoring the impact of the meningococcal C vaccination programme
At the introduction of the meningococcal C vaccination programme there were two
established methods of monitoring meningococcal C disease. These were:
surveillance of group C meningococcal disease in England and Wales through data
on laboratory confirmed cases by the Meningococcal Reference Unit (MRU), and
enhanced surveillance in which consultants in communicable disease control report
confirmed and probable cases and clusters in educational establishments. With the
introduction of the vaccine surveillance of meningococcal disease was extended to:
• Measure age specific vaccine coverage
• Measure age specific effectiveness of conjugate meningococcal C vaccines
• Identify risk factors and mechanisms of vaccine failure in conjugate C
meningococcal vaccines
•

Monitor the effect of the introduction of conjugate meningococcal C vaccination
on the phenotypic and genetic characteristics of invasive meningococci

• Set up an active system for monitoring vaccine associated adverse events
(CDSC, 1999c).

Data from the PHLS MRU (figure 3.5) showed a 75% reduction in cases of group C
disease in the last weeks of 1999 and first 11 weeks of 2000 in the age groups who
were first to receive vaccine (CDSC, 2000).
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Figure 3.5 L a b o r a t o ry confirmed cases of se rogr oup C men i ng oc o cc al disease E n gl an d and Wales.
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M eningococcal B vaccine
The development o f a vaccine that is effective in protecting against N. meningitidis
group B remains more o f a challenge. The group B capsular polysaccharide is not
immunogenic because its similarities with human tissue allows it to evade host
immunity. However, surface structures on its outer membrane have been the focus
o f research and a multivalent, outer membrane vesicle vaccine has been developed.
This has been used in immunogenicity studies in Holland and Gloucester. Early
results regarding safety and immunogenicity appear to be promising (Proceedings o f
13th meeting o f Immunisation Coordinators, 1998) and it is hope that a vaccine
could be included in the childhood immunisation programme by 2004. The
prospects for a reduction in, and ultimately, elimination o f meningococcal disease
appear to be good.
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3.7.3 Pneumococcal vaccine
Following the success of Hib vaccines the same conjugate vaccine technology has
been applied to develop more effective vaccines against S. pneumoniae. The
development of an effective vaccine that protects against pneumococcal infection is
also complicated by the fact there are over 80 serotypes, and that those affecting
children and adults differ. This means that either different vaccines for children and
adults need to be developed, or vaccines which are effective against a large number
of serotypes.

In the UK a 23-valent polysaccharide vaccine has been available since 1984 and is
recommended for individuals aged 2 years and older at particular risk of invasive
disease (asplenia, chronic heart, lung, renal or liver diseases, diabetes mellitus and
immunodeficiency or immunosuppression due to disease or treatment). The main
purpose of offering pneumococcal vaccine at present is for the prevention of
pneumonia in the elderly, and of invasive disease among at risk groups previously
described. However, these vaccines are poorly immunogenic in children less than 2
years of age. The high case fatality rates associated with pneumococcal infection,
together with an increasing prevalence of antibiotic resistant strains (Johnson et al,
1996), particularly among infants and young children (Radetsky et al, 1981;
Reichler et al, 1996) have highlighted the urgent need for a vaccine that is effective
in young children.

Several experimental multivalent pneumococcal conjugate vaccines have been
developed. The serotypes included in these vaccines were selected on the basis of
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the frequency of their isolation from sterile site infections in children. Between 6574% of pneumococcal isolates from children aged 2 years or less belonging to
serogroups or serotypes have been included in the five, seven or nine valent vaccines
(Johnson et al, 1996). A number of heptavalent vaccines have been evaluated in
different trial situations and have found to be safe and immunogenic in young
children (Anderson et al, 1996; Rennels et al, 1998; Shinefield et al, 1999. The
results of a large efficacy, safety and immunogenicity trial in the United States, in
which 37,888 children were given either a heptavalent pneumococcal or
meningococcal C vaccine, showed the pneumococcal vaccine to be highly effective
in preventing invasive disease in young children and to have a significant impact on
the prevention of otitis media (Black et al, 2000).

In February 2000, a heptavalent conjugate pneumococcal vaccine was licensed by
the US Food and Drug Administration for use in infants with their primary v
immunisation course. Control of the main causes of bacterial meningitis by
vaccination is rapidly becoming a reality.
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3.8 Key Points
•

Population based prospective active surveillance of bacterial meningitis provides
the most accurate estimates of the incidence of disease.

•

Prior to the introduction of a conjugate vaccine Haemophilus influenzae was the
most common cause of meningitis in children under four years of age in the UK.

•

There is considerable variation in the incidence rates of bacterial meningitis
between and within countries and between populations; some of this variation is
due to different methods in surveillance studies but there are also real
differences.

•

A multiplicity of factors have been identified as increasing the risk of acquisition
of bacterial meningitis.

•

The introduction of the Hib conjugate vaccine has been highly successful in
reducing the incidence of invasive disease in the UK.

•

The main causes of bacterial meningitis in children in the UK are now Neisseria
meningitidis and Streptococcus pneumoniae.

•

Conjugate vaccines which protect against meningococcal C and pneumococcal
infection are available and being introduced into the primary immunisation
schedule in the UK and USA.
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Chapter 4

Methods

4.1 Meningitis Incidence Study
4.1.1 Aims and objectives
Between 1985 and 1987, a prospective study was conducted by researchers at the
Karim Centre for Meningitis Research, Queen Charlotte’s and Chelsea Hospital
London. The objectives of the study were to determine the incidence of meningitis
from all causes in infants (children under one year of age) in England and Wales.

Over the two year period, hospital paediatricians were sent a card each month by
researchers at the Karim Centre, which enquired whether they had managed any
cases of acute meningitis in infants during the previous month. Following each
notification of meningitis, laboratory and microbiological information were
collected using standard forms sent to the consultant paediatrician and
microbiologist responsible for the case. Information on cases notified in
confidence

to

Communicable Disease

Surveillance

Centre

and

to

the

Meningococcal Reference Unit, Manchester was also sought. Death certificates for
all babies recorded as having died of meningitis were obtained from the Office of
National Surveys (de Louvois et al, 1991).

Inclusion criteria
The criteria for inclusion in the study were babies under one year of age, with
clinical signs and symptoms suggestive of meningitis for whom there was an
‘intention to treat’. In addition, babies who had viable bacteria, viruses, or
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detectable bacterial antigen in the cerebrospinal fluid or whose white cell counts
were sufficiently abnormal (>20xl 06/ l ) to warrant a diagnosis of meningitis were
accepted into the study (de Louvois et al, 1991). Babies whose clinical condition
was highly suggestive of meningitis but who were considered too ill for a lumbar
puncture were also included. Children were excluded from the study if they had
spina bifida or ventricular shunt infections.

4.2 Five year follow up
4.2.1 Aims and objectives
The aims of the five year follow-up were:
•

To determine the long term, severe sequelae of meningitis in a national cohort
of children who experienced meningitis in the first year of life.

•

To determine the association between clinical characteristics in the acute
episode of meningitis and outcome at five years of age.

4.2.2 Study Design
The main aim of this study was to answer the question ‘what proportion of
children exposed to meningitis develop severe sequelae’. In view of this the most
appropriate study design was a cohort study (Rothman and Greenland, 1988). In
such a study two or more groups are selected on the basis of their exposure to a
particular agent, in this case meningitis, and followed up to determine how many
in each group develop a particular outcome.
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4.2.3 Study Population
Cases
All children who were identified through the monthly reporting system and who
were recorded as having survived the initial attack of meningitis were eligible for
inclusion in the five year follow up study.

Tracing children
Identifying information collected for the children during the incidence study was
limited to their name and date of birth and was thus inadequate to enable follow
up. It was therefore necessary to approach each hospital paediatrician who had
reported a case of meningitis to the Karim Centre, for the address of the child’s
family and for the name and address o f the child's general practitioner (GP)
recorded in the hospital notes, and for permission to contact them.

In cases where no GP was recorded, or where the child was found to be no longer
registered with the practice, searches were undertaken to trace them and to
identify the new GP. This involved making contact with some or all of the
following agencies: the previous GP, health visitor (HV), district child health
record system and Family Health Services Authority (FHSA). If it was still not
possible to trace the child through these channels, a request was made for a
search on the National Health Service Register at Southport through the Office of
National Surveys (ONS). Searches for children in service families were also made
through the Soldiers, Sailors and Airmens Families Association (SSAFA) based in
Germany.
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Contact with General Practitioners
Each GP was sent a letter and questionnaire (Appendix 1) together with a form
requesting confirmation that the child was still alive and if not for details about the
cause of death. GPs were asked to confirm whether the child was still registered
with them, of the family’s address, and for advice about contacting them. Since
there was such a long interval (up-to five years) between notification of the case
and follow up, it was considered essential to approach the GP first and, where
necessary, the health visitor for advice about contacting the family. For example,
it was important to avoid contacting those families where a child had died in the
interval between the initial episode of meningitis and follow up, and to be aware
of any specific health or social circumstances in the family that might result in
such an approach causing distress or significant inconvenience.

GPs who did not respond were followed up by post at least three times, and then
further checks were made via the FHSA to ensure the child was actually
registered with the practice. Finally, if there was still no reply after a fourth
correspondence, GPs were telephoned to remind them about the study and to ask
if there was any particular reason why they had not responded.

When a GP was willing to co-operate in the study but required the parents’
consent before they supplied health information about the child, this was achieved
in one of two ways. Either the GP obtained the parents’ agreement themselves, or
the GP forwarded a letter to the parents from the researcher asking for consent to
obtain health information from the GP. Some GPs returned questionnaires that
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they had not completed with the health information, but in which they had
provided the information necessary to make contact with the parents.

Selection of controls
In selecting a comparison group the ideal control is alike in all respects to the case,
other than in exposure to the causative factor (Alderson, 1988). In this study the
aim was to gather a group o f children who were comparable in age and sex with
the cases. This was achieved by asking the GPs of the cases for permission to
approach the FHSA for the name and address of a child from their practice list to
act as a comparison (control) in the study. This approach was taken to avoid bias
in the selection of healthy children. Selection criteria for controls were a child who
was close in age and the same sex as the index child. When the name and address
of this child was received, a similar procedure was followed as for the index
child, and a letter and questionnaire were sent to the GP and advice sought
about making contact with the child's parents.

Contact with parents
When the GP had advised that there was no reason why the parents should not be
contacted, they were sent a letter which explained the purpose of the study and
how their name had been obtained, together with a questionnaire (Appendix 2)
and freepost reply envelope.

By contacting the child’s GP and/or health visitor first, it was possible to adopt an
individualised approach for

cases where there were specific health or social
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circumstances. Examples o f situations where this was necessary included the
recent death of a parent, an impending birth, a critically ill child or a child living
with carers other than the parents. In these cases specially worded letters were sent
or contact was delayed until the situation had resolved. Contact was not made with
any family where the GP or health visitor considered it inadvisable. Parents who
did not respond to the first questionnaire were sent two reminders at 4-weekly
intervals.

4.2.4 Information sought
General Practitioners
The questionnaire sought details of the child's health and development and in
particular whether any problems had ever been detected which might affect
everyday day life or schooling. The specific categories of problems sought were
hearing, vision, speech and language, motor and mental development, seizure
disorders and behavioural problems. In addition, details of any other conditions
were requested. To ensure that all the relevant information was gathered, GPs
were also asked for details of any referrals for specialist opinion plus any
hospitalisations following the attack of meningitis.

Parents
The questionnaire sent to parents asked for information about the child's health
and development in particular in relation to vision, hearing, speech and language,
physical abilities such as walking, running and climbing stairs, behaviour and
history of convulsions. In addition, they were asked for details of family size,
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and parental occupation together with details of any relevant family medical
history. Details of the child’s gestational age and birthweight were also gathered.
Information about the child's schooling and in particular whether they had any
special education needs was sought. Parents were also asked for the names of any
specialists to whom their child had been referred. The intention was to contact
named specialists for further information about the precise nature of specific
conditions, for example the degree of hearing loss. For this purpose parents were
asked to indicate their agreement that the specialists could be contacted by ticking
a box included in the questionnaire.

This procedure was undertaken for parents of both index and control children.
Unopened letters returned by the post office indicating that families had moved
away from the address recorded were a further prompt to trace children using the
procedure described above.

Deaths
Copies of death certificates were obtained from ONS for children who were found
to have died in the interval between the initial study and follow-up study. The
cause of death and presence of any other condition were noted.

Contact with specialists
The original intention in this study, had been to follow up any report of a sensori
neural hearing loss with the specialist concerned, in order to confirm the degree of
loss. However, the approach adopted, of providing parents with a box to tick if
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they agreed that we could make contact, was not acceptable to the specialists
concerned. Since the resources were not available to contact the parents again for
signed consent, this part of the investigation was abandoned.

Introductory letter to parents
Certain considerations needed to be taken into account when designing the letter
to be sent to parents informing them about the study. The notification of the case
of meningitis had been made by the hospital paediatrician involved in the child’s
care. At the time o f the incidence study there were no plans for a follow-up and so
parents had not been asked at that time for consent to follow their children.
Indeed, it is likely that most parents did not know that their child was being
notified to the Karim Centre. In some cases, the parents may not have even known
that their child had meningitis. For most parents therefore, the approach from the
researcher was without prior warning, five years after their child had suffered a
life threatening illness. This was clearly not an ideal situation and great sensitivity
was required in the wording of the letter. Many of the GPs involved in the follow
up study voluntarily acted as an intermediary and informed the parents that the
study was in progress and that they would be contacted.

Designing the questionnaires
In designing the questionnaires for GPs and parents, careful consideration was
given to several factors. GPs are busy people and it was thus thought important
that the questionnaire should be short and easy to complete, with mostly closed
ended questions requiring only the ticking of boxes. Provision was made for more
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detailed information to be written if this was necessary. For parents on the other
hand, the most important consideration was making the questionnaire easy to
understand and to complete, length needed to be kept to a minimum and it also
needed to look attractive. A combination of closed as well as open ended
questions was used so that parents could provide detail if they wished, and
particular attention was given to the to the style of language and use of non
medical terms.

A questionnaire used by other researchers who had explored the consequences of
meningitis was scrutinised (Tudor-Williams et al, 1989) as well as those designed
for other purposes such as a pre-school entry screening tool used in one health
district. None of these was entirely appropriate for the purpose and two new
questionnaires were designed. The review of the literature relating to the sequelae
of meningitis informed the content of the questions, but opportunity was also '
provided to describe all aspects of the child’s health. In the parents’ questionnaire,
questions about the child’s gestation and birthweight were included to supplement
the information collected in the Karim incidence study in which 23% and 20% of
this information respectively was missing.

Piloting
Due to the unique nature of the cohort it was not possible to conduct a formal pilot
study of questionnaires. Instead opinion was sought from a variety of sources
about their acceptability, form and content. The questionnaire for GPs was sent to
30 GPs who had either been involved in an earlier study conducted by the
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department, or who were known to members of the department, and they were
asked if they thought the questionnaire was appropriate in terms of contact and
format. In addition, the advice of other specialists: community paediatricians and
hearing specialists, was sought in designing the questionnaire.

In order to assure the acceptability of the parent questionnaire, contact was made
with the National Meningitis Trust, a charity set up to offer advice and support to
families and sufferers regarding meningitis. They mailed the questionnaire to
supporters whose children were of a similar age to the meningitis cohort and who
had had meningitis. In order to pilot the questionnaire among parents of children
who had not had meningitis, visits were made to two local infants schools and
parents of 5 year old children were asked if they would complete the
questionnaire.

4.2.5 Data management
Karim Centre Incidence Study
Analyses of the information gathered in the Karim Centre Incidence Study were
performed by researchers at the Karim Centre. A copy of the database was
provided to the researcher for the purpose of linking the clinical findings from the
acute episode with the information gathered at follow up.

Five year follow-up
The questionnaires received from the parents and GPs were scrutinised, and on the
basis of the responses to each of the questions coding frames developed. This
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process was only possible after all the questionnaires had been gathered since the
full range of responses to all the questions could not be anticipated. Data were
checked manually for errors during the process of coding and, after it was
completed, 10% of the forms were checked by the researcher for consistency in
coding and for any errors. Data from the parents and from the GPs were then
entered into a separate databases using SAS statistical software (SAS Institute,
Cary, North Carolina USA). Data checking programmes were written and
performed.

4.2.6 Definition of outcomes
Health and development problems
The two sets of data from parents and GPs were first analysed separately. Any
report by the GP of a significant condition in any of the health and developmental
categories was included. Examples of conditions that were not considered to be *
significant and thus not included were colour blindness, blocked tear duct. In
practice GPs tended to report only significant conditions. The data from parents
were dealt with in a similar manner.

After the initial analysis, a third dataset was created which combined the data
gathered from the GP and parents together. For each of the health and
development categories, reports made by the GPs and parents were compared and
individual records scrutinised as necessary. A copy of the original GP dataset was
then modified to include relevant information collected from the parents. If neither
source reported any problem, the child was considered to have no problem, a
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report by either of the sources was considered to represent a positive report.
Where reports were available from both sources and they differed significantly,
the report that described the more severe condition was used.

Assessment of severity of disability
To assess the level of disability among the two groups of children it was necessary
to develop a scale of severity of disability. This was also required to facilitate the
analysis of factors associated with poor outcome. Children were grouped on the
basis of the severity of their condition. Information used to determine the degree
of disability was derived from GPs and parents reports, as well as information
provided by parents about the child’s schooling. This information was scrutinised
by the researcher and the study supervisor and a subjective opinion made about the
degree of disability. Where the information provided was insufficient to determine
the degree of disability, categorisation erred on the side of a milder degree of '
disability.

The categories were developed on the basis of the effect of their condition on
every day life and on the basis of definition used in published studies of the
sequelae of meningitis that had used a similar approach (McIntyre et al, 1993).
The methods used in the study, which involved collection of information by
questionnaire rather then by standardised examination, meant that precise
measures for example of hearing loss and of IQ were not available and could not
be used in determining the level of disability.

Clearly it would have been

preferable to have this information to ensure a standardised approach to the
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assessment o f disability based on objective measures.

Category of disability
Severe disability
A level of disability such that the child could not attend mainstream school. This
included children with multiple problems: cerebral palsy or other severe neuro
motor disability; significant learning difficulties; severe seizure disorder; severe
visual impairment such as blindness; isolated profound or severe sensorineural
hearing loss were included.

Moderate disability
This category included children with impaired function but not associated with
significant intellectual or developmental impairment such as: cerebral palsy and
other neuro-motor disabilities;

learning difficulties;

moderate

sensorineural

hearing loss or visual impairment. Uncomplicated epilepsy, hydrocephalus and
diabetes were included in this category. Such children attended mainstream
school, some with extra help.

M ild disorders
This included children with conditions prevalent among five year olds. These
include: middle ear disease, squint, febrile convulsions, behavioural problems.

Other conditions
Included in this group were children who were otherwise healthly apart from
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conditions such as asthma and eczema.

No problem
Children for whom there were no reports from either GPs or parents of any health
or developmental problems.

4.2.7 The analyses
The aim of the follow up study was to determine the long term sequelae in a
cohort of children who had meningitis in their first year by making comparisons
with a group of children of a similar age and sex who did not have meningitis.
Although the controls were matched on sex and selected because they were close
in age to the index case, the analysis conducted was to enable comparisons
between the exposed and un-exposed groups rather than to make inter-pair
comparisons. A matched paired analysis was therefore not undertaken.

Karim Incidence Study
Since the objectives of the Karim Centre Incidence Study were to determine the
incidence of meningitis in children under 1 year, but not specifically to describe
risk factors associated with death during the acute episode, further analysis of the
original dataset was conducted by the researcher, in the light of new information
gathered at follow up.

These further analyses comprised compiling frequency tables for each of the main
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variables, and analysis of categorical variables to determine factors associated
with death during the acute episode. Un-adjusted odds ratios, together with 95%
confidence intervals were calculated.

A logistic regression analysis was

performed to identify independent risk factors for death during the acute episode
using the Genmod procedure (SAS Institute Inc. 1993).

Follow-up study
Data collected from the GPs and parents were analysed separately initially. Two
by two tables were produced for each of the outcome categories: hearing, vision,
speech and language, motor development, learning, seizure disorders and
behaviour and the proportions in the meningitis and control groups compared. On
the basis of the combined data the relative risk of each outcome was calculated
together with the 95% confidence intervals.

Tables were also compiled for the frequency of individual conditions reported in
each outcome category and where appropriate, the relative risks of these
calculated. Other comparisons were made within outcome categories, for example
the prevalence of specific conditions according to causative organism

and

between the meningitis and non-meningitis groups.

In the follow up study poor outcome at five years was defined as a child who had
died subsequent to the acute attack, as well as children with severe or moderate
disability at five years of age. In the investigation of risk factors for poor outcome
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at five years, univariate comparisons of categorized variables were conducted and
the un-adjusted odds ratios calculated with 95% confidence intervals.

Logistic regression analysis was performed to identify independent risk factors for
poor outcome at five years using the Genmod procedure (SAS Institute Inc. 1993).
Un-adjusted and adjusted odds ratios and 95% confidence intervals were
computed.

Throughout the analysis Mantel-Haenszel Chi-square tests were used as
appropriate. All p-values presented are two-tailed and the threshold of significance
was set at p=<0.05.

All

analyses were performed using SAS and Epi-info

statistical software. The data were analysed by the researcher, with advice from a
statistician in the Department of Epidemiology and Public Health.

Measurement of agreement
To formally measure the agreement between two reports of the same data
comparisons were made using the kappa-statistic (k) measure of agreement
(Cohen, 1960). The kappa statistic is scaled between 0, when the measure of
agreement is what would be expected to be observed by chance, to 1 when there
is perfect agreement.
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The kappa-statistic was interpreted using the scale suggested by Landis and Koch

(1977):
below 0.0
0.00-0.20
0.21-0.40
0.41-0.80
0.61-0.80
0.81-1.00

poor
slight
fair
moderate
substantial
almost perfect

4.2.8 The researcher’s role within the follow-up study
The follow-up was a collaborative study between the Karim Centre for Meningitis
Research and the Department of Epidemiology and Public Health, Institute of
Child Health, and it is therefore important to clarify my role within the study.

I had no input into the original Karim study but was appointed as the senior
researcher for the follow-up study. In this capacity, I took a lead in the study
design, writing the grant application for support to carry out the study, obtaining
ethics permission, designing questionnaires and drafting letters. These tasks were
completed in consultation with members of the study team.

Administration

of the study, tracing children, sending out letters and

questionnaires, approaching GPs and health visitors and advising parents where
necessary, was undertaken by the researcher together with the Karim Centre
administrator (Susan Halket). Coding and data entry was carried out by the
researcher and, under my supervision, by Susan Halket and a research assistant in
the department. I designed the coding frames and set up the databases and
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performed the analysis with advice from the departmental statistician.

Funding for the meningitis follow up study was provided by Action Research.
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Chapter 5

Results: Meningitis Incidence Study

5.1 Introduction
This chapter summarises the main findings from the Karim Centre meningitis
incidence study. The data described here were collected as part of the meningitis
incidence study, and the results have been published (de Louvois et al, 1991).

As a consequence of the five year follow-up study, further information was gathered
which indicated that on the basis of the inclusion criteria for the study, 40 children
were not eligible for inclusion in the incidence study. The reasons for exclusion are
shown in table 5.1.

Table 5.1 Reasons for excluding children
Reasons for exclusion
Meningitis not confirmed
Clinical details only
Spina bifida
Duplicate notifications
Older than 1 year of age
TOTAL

Number
14
10
6
5
5
40

During the incidence study 158 infants had been reported to have died at the time of
the acute attack. As a result of the follow up, it was found that an additional 5 children
had died at that time, but their deaths had not been notified to the Karim Centre.
Details about the age, cause of death, causative organism and presence of other
conditions obtained from death certificates and study information are shown in table
5.2.
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Table 5.2

Acute deaths not notified at time of incidence study:
Age at death, cause, organism and presence of other conditions

cause of death
pyogenic meningitis
meningitis
respiratory failure;
meningitis
Pneumococcal meningitis
& septicaemia;
gastroenteritis
Waterhouse Friderichsen
syndrome

organism
age at death
other bacteria
1 month
other bacteria
3 weeks
E.coli
3 weeks
S.pneu

10 months

N.men

4 months

other conditions
Down syndrome

In view of this information, the key data were reanalysed by the researcher after
excluding the 40 children who did not fulfill the study criteria, and including the five
additional deaths. The results presented in tables 5.3-5.5 and the data described in
sections 5.2.3 and 5.2.4 are the results of this reanalysis.

The objective of the Karim Centre meningitis incidence study was to determine the *■
incidence of meningitis in England and Wales in children under 1 year of age, and
thus analysis did not include investigation of the association between potential risk
factors and outcome. Since few studies have investigated risk factors for death in a
large cohort of children who had meningitis in infancy, further analysis of the original
data set was carried out by the researcher. Univariate analysis of data collected at the
time of the infection was performed to determine factors associated with

death

during the acute episode. Those factors found to be statistically significantly
associated with death (p<= 0.05) were included in a regression analysis to determine
factors independently associated with death.
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5.2 Study Population
During the two year period 1920 cases were identified through the monthly reporting
system (de Louvois et al, 1991). Two hundred and one further cases were identified
from information collected from CDSC, the Meningococcal Reference Laboratory and
ONS (23 neonates; 133 post-neonates and 45 infants for whom the age was unknown).
These additional cases were used to calculate incidence figures for meningitis but
were not included in the rest of the analysis (de Louvois et al, 1991). Based on these
figures, the annual incidence of meningitis during the study period was 160 cases per
100,000 children under one year; during the first 28 days of life it was 0.32 per 1000
live births. The male:female ratio was 1.4:1 (de Louvois et al, 1991).

Of the 1880 eligible cases identified in the incidence study 382 were in neonates
(babies less than 29 days of age), and 1485 in post-neonates (babies aged between 29365 days), the age was not known for a further 13 babies.
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5.2.1 Causative organism
The organisms isolated from the CSF for infants identified in the incidence study are
shown in table 5.3 according to the age of the child at infection. Only infants notified
through the incidence study are included in this table.

Table 5.3

Meningitis in infants in England and Wales:
causative organisms isolated for 1880 children
identified in the incidence study.

Causative organism
Haemophilus influenzae
Neisseria meningitidis
Streptococcus pneumoniae
E.coli
Group B streptococcus
other bacteria
viruses
other micro-organisms
*no organism grown/
specimen not collected
not known
Total

Age not
known
2
3
0
1
2
1
1
0
1
2
13

Neonates
n (%)
8 (2.7)
10 (3.4)
17 (5.8)
68 (23.0)
110(37.3)
38(13.0)
16 (5.4)
28 (9.5)
87
0
382

Post-neonates
n (%)
449 (37.1)
437 (36.1)
153 (12.6)
23 (2.0)
44 (3.6)
58 (4.8)
36 (3.0)
11 (0.1)
269
5
1485

* Codingofdataintheoriginal dataset didnot allowseparationof ‘noorganismgrown’from
‘specimennot collected’. This combinedgroupwerethereforenot includedinthepercentage
calculations.

125

Among the 382 neonates the main causative organisms were group B streptococcus
and Escherichia coli, and among post-neonates Haemophilus influenzae, Neisseria
meningitidis and Streptococcus pneumoniae reflecting the classic age distribution of
these organisms. For children with meningococcal meningitis, no information is
available regarding the proportion that had associated septicaemia. The CSF was
found to be sterile or a specimen had not been collected for almost % of the neonates
and nearly 20% of the post neonates. The category ‘other bacteria’ includes a wide
range of gram positive and gram negative bacterial organisms.

5.2.2 Demographic and main clinical details
For the cohort as a whole the ratio of males to females was 1.4:1. Most babies had
normal birthweight (over 2500 grams). The proportion with low birthweight (15002500 grams) or very low birthweight (<1500 grams) was higher among neonates,
(22% and 10%) than among post neonates (8% and 3.6% respectively). De Louvois
observed that low birthweight was significantly more common among both groups
(p=<0.001) than the 2.5% of the population with a low birthweight (de Louvois et al,
1991). It was not surprising that gestational age less than 37 weeks was also relatively
common among both groups of children (neonates 32%, post neonates 11%). Five
percent of children were reported to have a congenital anomaly at the time of the acute
illness. Few details were provided in the incidence study about the precise nature of
these conditions although 2% (37) were known to have hydrocephalus. The main
demographic and clinical details are shown in table 5.4.
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Table 5.4

Summary of demographic and main clinical details for
1880 children with meningitis in the first year of life. Number (%)

Demographic and
clinical details
Sex
Male
Female
not known
Birthweight
VLBW (<1500 gms)
LBW (1500-2500 gms)
NBW (>2500 gms)
not known
Gestational age
less then 32 weeks
32-36 weeks
37 weeks or more
not known
on admission:
in coma
convulsions
rash
congenital anomaly

Total
(n=1880)

neonates
(n=382)

1087 (58.2)
780 (41.8)
13

216 (56.7)
165 (43.3)
1

866 (58.6)
612(41.4)
7

5
3
5

92 (6.2)
205 (13.7)
1196 (80.1)
387

39(11.1)
84 (24.0)
227 (64.9)
32

53 (4.6)
121 (10.6)
968 (84.8)
343

0
0
1
12

106 (7.3)
189(13.0)
1157 (79.7)
428

49 (14.8)
74 (22.4)
207 (62.7)
52

57 (5.1)
114(10.2)
950 (84.7)
364

0
1
0
12

208 (12.6)
324(19.6)
246 (14.7)
92 (5.3)

43 (12.5)
84 (24.3)
20 (5.7)
18 (5.0)

165
240
226
62

1
0
0
1
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post-neonates
(n=1485)

(12.6)
(18.3)
(17.0)
(3.6)

age not known
(n=13)

5.2.3 Treatment
Most of the babies received more than one antibiotic. In half the neonates the
treatment was based on chloramphenicol and in half on gentamicin, in addition most
also received penicillin, ampicillin or third general cephalosporins. In the postneonatal group, 84% received chloramphenical usually in combination with penicillin
or ampicillin. Only 14% of this age group received cephalosporins. No child received
cephalosporins only. Seven percent of the children received steroids. Altogether 23%
of infants had received antibiotics from the general practitioner prior to admission to
hospital but no information was available on the type of antibiotics given or the route
of administration.

5.2.4 Outcome
In the incidence study information on outcome was limited to death or survival. There
were 163 deaths (8.6%), with a rate of 21% for neonates and 5.5% for post neonates.
Among neonates the highest mortality rates were among children who died as a result
of meningitis caused by ‘other bacteria’. Mortality arising from Group B streptococcal
meningitis remained consistently high across the age groups at 26% (de Louvois et
al, 1991).

Among post neonatal infants the death rate associated with pneumococcal meningitis
(8%) was twice as high as that for either haemophilus (4%) or meningococcal
meningitis (4%). Haemophilus meningitis in the neonatal period was associated with a
death rate of 25% but numbers in this group were small (2/8).
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Table 5.5 Deaths by organism and age at meningitis for 1880 children
Results are number (%) total in each age group

Micro organism
H. influenzae
N.meningitidis
S.pneumoniae
E.coli
Group B streptococccus
other bacteria
viruses
other micro-organisms
no organism grown/specimen
not collected
not known
Total deaths

age not known
n=13
0/2
0/3
0/0
0/1
0/2
0/1
0/1
0/0
0/1
0/2
0

Neonates
n=382
2/8 (25)
0/10 (0)
3/17 (17)
16/68 (23)
29/110(26)
18/38 (47)
0/16 (0)
8/28 (28)
3/87 (3)
0/0
79 (20.0)

post-neonates
n=1485
19/449 (4)
19/437 (4)
13/153 (8)
2/23 (8)
12/44 (27)
11/58(19)
0/36 (0)
2/11 (18)
6/269 (2)
0/5
84 (5.6)

5.3 Investigation of risk factors associated with death
To investigate the factors associated with death, univariate analyses were conducted.
Variables included in the analysis were based on those identified as risk factors for
poor outcome in published studies: seizures, coma, temperature on admission, low
CSF glucose level, CSF white count, complications during the acute episode
(hydrocephalus, ventriculitis, convulsions and/or relapse), receipt of antibiotics by the
GP, together with the additional variables of age at meningitis, sex, gestational age,
birthweight and treatment with cephalosporins. These analyses were conducted for
different groups of children on the basis of the organism that had caused the
meningitis: for the whole cohort (table 5.6); for a combined group of children whose
infection was caused by one of the three major bacterial organisms {Haemophilus
influenzae, Neisseria meningitidis, Streptococcus pneumoniae) (table 5.7) and
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separately for children infected with these organisms: Haemophilus influenzae (table
5.8); Neisseria meningitidis (table 5.9); Streptococcus pneumoniae (table 5.10).
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Table 5.6

Summary of univariate analysis of factors associated with death
from meningitis in the first year. All organisms
Demographic&
OR 95% C l
Total
p-value
Deaths
clinical details
*n
*n (%)
sex
male
1087
LOO
100 (9)
female
780
0.85
63 (8)
0.60-1.19
0.32
gestational age
37 weeks and over
1157
68 (6)
1.00
32-36 weeks
189
31 (16)
3.16 1.95-5.10 <0.001
26 (24)
less than 32 weeks
106
5.83 3.38-10.02 <0.001
birthweight
over 2500 gms
1196
73 (6)
1.00
2.94
1500-2500 gms
205
33 (16)
1.84-4.67 <0.001
92
7.53
less than 1500 gms
28 (30)
4.37-12.93 <0.001
age at meningitis
1485
83 (6)
1.00
post-neonate
79 (21)
382
4.36
neonate
3.08-6.18 <0.001
antibiotics by GP
yes
38(9)
416
1.00
1242
106 (8)
0.92
no
0.61-1.38 0.676
coma on admission
1444
70(5)
1.00
no
8.43
yes
209
62 (30)
5.64-12.59 <0.001
convulsions on admission
1334
1.00
no
88 (7)
324
44 (14)
2.23
yes
1.49-3.33 <0.001
rash on admission
1.00
no
1426
116(8)
yes
246
1.15
0.70-1.88 0.56
23 (9)
temperature on admission
921
1.00
46 (5)
higher than 38° C
2.18
1.44-3.30 <0.001
38 °C or lower
610
62 (10)
CSF glucose
1.00
431
12(3)
>20 mmol/1
3.00
425
32 (7)
1.46-6.26 <0.001
<20 mmol/1
CSF white cell count
1.00
1039
64 (6)
>100xl06/l
1.88
<100 x 106/l
237
26 (10)
1.13-3.11 0.009
treatment with cephalosporins
41 (12)
yes
335
1.00
0.57
0.38-0.85 0.004
1294
95 (7)
no
complications
24 (2)
1.00
1225
no
57(16)
9.59
5.71-16.2 <0.001
366
yes
*totals for each variable do not add up to 1880 cases and 163 deaths due to missing data
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Table 5.7 Summary of univariate analysis of factors associated with death
caused by bacterial meningitis in the first year
(H.influenzae, N.meningitidis, S.pneumoniae)
Demographic&

Total

clinical details

n

Deaths

OR

95% Cl

p--value

33 (5)
22 (5)

1.00
0.91

0.50-1.63

0.73

28 (4)
6(8)
2(10)

1.00
2.00
2.63

0.65-5.14
0.28-11.86

0.13
0.20

30(4)
5(8)
2(10)

1.00
1.89
2.83

0.62-5.36 0.20
0.30-12.93 0.18

50 (4)
5(14)

1.00
3.27

0.94-9.11

0.14

5(2)
38 (5)

1.00
2.26

0.87-7.45

0.08

18(2)
24(18)

1.00
9.69

4.87-19.360.001

32 (4)
10(6)

1.00
0.69

0.32-1.53

0.32

30(4)
14(8)

1.00
0.44

0.22-0.89

0.01

22 (3)
13(5)

1.00
1.41

0.66-2.99

0.33

7(3)
10(3)

1.00
1.00

0.34-2.97

1.00

19(2)
9(8)

1.00
2.99

1.21-7.21

0.006

8(7)
33 (4)

1.00
0.55

0.24-1.42

0.141

10(1)
11(6)

1.00
5.08

1.97-13.170.001

n (%)

sex
626
male
445
female
gestational age
700
37 weeks and over
78
32-36 weeks
20
less than 32 weeks
birthweight
721
over 2500 gms
65
1500-2500 gms
less than 1500 gms
19
age at meningitis
1039
post-neonate
35
neonate
antibiotics by GP
212
yes
727
no
coma on admission
808
no
135
yes
convulsions on admission
773
no
yes
169
rash on admission
784
no
169
yes
temperature on admission
625
higher than 38 °C
266
38 °C or lower
CSF glucose
>20 mmol/1
204
312
<20 mmol/1
CSF white cell count
715
>100x1071
114
<100x1071
treatment with cephalosporins
114
yes
842
no
complications
737
no
172
yes
132

Table 5.8

Summary of univariate analysis of factors associated with death
caused by haemophilus meningitis in the first year.

Total
Demographic &
clinical details
n
sex
269
male
189
female
gestational age
322
37 weeks and over
24
32-36 weeks
8
less than 32 weeks
birthweight
311
over 2500 gms
24
1500-2500 gms
6
less than 1500 gms
age at meningitis
449
post-neonate
8
neonate
antibiotics by GP
129
yes
282
no
coma on admission
352
no
64
yes
convulsions on admission
349
no
68
yes
rash on admission
404
no
14
yes
temperature on admission
267
higher than 38 0C
132
38 °C or lower
CSF glucose
78
>20 mmol/1
144
<20 mmol/1
CSF white cell count
333
>100 x l0 6/l
22
<100 x l0 6/l
treatment with cephalosporins
60
yes
359
no
complications
317
no
77
yes

Deaths
n (%)

OR

13(5)
7(4)

1.00
1.31

0.48-3.72

0.57

11(3)
1(4)
1(12)

1.00
1.21
3.97

0.03-9.02
0.08-35.53

0.59
0.26

11(3)
2 (8)
1(16)

1.00
2.44
5.36

0.25-12.22
0.10-53.78

0.24
0.21

18(4)
2(25)

1.00
8.78

0.78-57.57 0.03

2(2)
14(5)

1.00
3.37

0.75-30.90

1.00
9.62

2.90-33.96 <0.001

13(3)
3(4)

1.00
1.17

0.21-4.42

0.21

14(3)
2(14)

1.00
0.22

0.04-2.22

0.09

8(3)
6(4)

1.00
1.55

0.43-5.23

0.40

4(5)
3(2)

1.00
0.42

0.06-2.55

0.26

9(2)
2 (9)

1.00
3.46

0.34-18.4

0.15

4(6)
10(2)

1.00
0.41

0.11-1.86

0.13

5(1)
3(4)

1.00
2.52

0.38-13.26

0.19

6(1)
9(14)

95% C l ]p-value

0.09

Table 5.9

Summary of univariate analysis of factors associated with death
caused by meningococcal meningitis in the first year.

Demographic &
clinical details

Total
n

sex
257
male
189
female
gestational age
268
37 weeks and over
41
32-36 weeks
7
less than 32 weeks
birthweight
298
over 2500 gms
29
1500-2500 gms
less than 1500 gms
8
age at meningitis
437
post-neonate
10
neonate
antibiotics by GP
59
yes
323
no
coma on admission
339
no
42
yes
convulsions on admission
324
no
55
yes
rash on admission
240
no
147
yes
temperature on admission
252
higher than 38 °C
107
38 °C or lower
CSF glucose
87
>20 mmol/1
122
<20 mmol/1
CSF white cell count
275
>100x106/
65
<100 x l0 6/l
treatment with cephalosporins
32
yes
356
no
complications
322
no
50
yes

Deaths

OR

95% C l

]p -value

1.00
2.24

0.74-8.09

0.12

8(3)
3(7)
0

1.00
2.19
0.36-9.55
not calculated

0.22

8(2)
1(3)
0

1.00
0.02-7.78
0.99
not calculated

1.00

n (%)

14(5)
5(2)

19(4)
0

1.00
not calculated

2(3)
10(3)

1.00
0.87

0.18-8.37

2 (0.6)
10(23)

1.00
53.7

10.5-512.7 <0.001

11(3)
1(2)

1.00
0.53

0.01-3.80

2 (0.8)
11(7.5)

1.00
9.76

2.07-91.41 <0.001

6(2)
4(3)

1.00
1.60

0.33-6.92

0.49

2(2)
3(2)

1.00
1.14

0.13-13.99

1.00

2 (0.7)
5 (7.6)
1(3)
11(3)
1 (0.3)
2(4)
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1.00
10.55
1.00
1.00
1.00
13.96

0.69

*
1.00

1.65-112.21 0.004

0.14-44.41

1.00

0.70-825.79 0.04

Table 5.10

Summary of univariate analysis of factors associated with death
caused by pneumococcal meningitis in the first year.

Demographic &
clinical details

Total
n

sex
male
100
67
female
gestational age
110
37 weeks and over
18
36 weeks and less
birthweight
112
over 2500 gms
17
less than 2500 gms
age at meningitis
153
post-neonate
17
neonate
antibiotics by GP
24
yes
122
no
coma on admission
117
no
29
yes
convulsions on admission
100
no
46
yes
rash on admission
140
no
8
yes
temperature on admission
106
higher than 38 °C
27
38 °C or lower
CSF glucose
39
>20 mmol/1
46
<20 mmol/1
CSF white cell count
107
>100 x l0 6/l
27
<100x1071
treatment with cephalosporins
yes
22
127
no
complications
98
no
45
yes

Deaths
n (%)

OR

95% C l

6(6)
10(14)

1.00
0.39

0.11-1.28

0.07

9(8)
3(16)

1.00
2.20

0.34-10.15

0.37

11(9)
3(17)

1.00
2.08

0.33-9.35

0.38

13(8)
3(17)

1.00
2.33

0.37-10.26

0.20

1(4)
14(11)

1.00
2.91

0.40-128.37 0.46

10(8)
5(17)

1.00
2.28

0.55-8.16

0.17

8(8)
6(13)

1.00
1.73

0.46-6.11

0.37

14(10)
1(12)

1.00
1.26

0.03-11.01

0.59

8(7)
3(11)

1.00
1.48

0.24-6.78

0.69

1(2)
4(8)

1.00
4.24

0.39-214.78 0.36

8(7)
2(7)

1.00
0.91

0.09-5.04

1.00

3(13)
12(9)

1.00
0.70

0.16-4.10

0.68

4(4)
6(13)

1.00
3.77

0.08-19.04

0.07
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p-value

5.3.1 Summary of analyses of factors associated with death
Sex
For the whole cohort, and for all sub-analyses with the exception of children in the
pneumococcal group, there was no difference in death rates between girls and boys.
Boys were twice as likely to die as a result of pneumococcal meningitis then girls,
although this difference failed to reach statistical significance (p=0.07).

Gestational age
For the cohort as a whole, prematurity was associated with an increased risk of death.
This was not found to be the case in any of the sub-analyses which included small
numbers of premature babies. For example, among children who died as a result of
meningococcal meningitis, 8 had a gestational age of 37 weeks or longer, 3 were
bom between 32 and 36 weeks, and none were bom earlier than 32 weeks gestation.

Birthweight
Babies bom weighing less 2500 grams were at increased risk of death in the cohort as
a whole. This association was not demonstrated for any other of the organism groups,
this may be a result of the small numbers of low birthweight babies included in these
sub-groups.

Age at meningitis
When the whole cohort was grouped together children who had meningitis in the
neonatal period were at a four fold increased risk of death compared with those who
had meningitis after one month of age. Although the risk of death for children who
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had haemophilus meningitis in the neonatal period was found to be nearly 9 times that
of children who were older than one month at the time of infection, this observation
was based on 2 deaths of a total of only 8 cases.

Receipt of antibiotics by GP
Overall, it was not possible to demonstrate a beneficial effect on outcome of
antibiotics administered by the GP. However, findings differed between the organism
groups. In the combined bacterial group (H. influenzae, N. meningitidis, S.
pneumoniae) children who did not receive early antibiotics were at increased risk of
death (OR 2.26, 95% Cl 0.87-7.45) although this was not statistically significant
(p=0.08). For children who had haemophilus meningitis, the risk of death for those
that did not receive antibiotics was three times higher, but this was also not
statistically significant (p=0.09) with wide confidence intervals (95 % Cl 0.75-30.9).
There was no apparent protective effective of receipt of antibiotics for children in
either the meningococcal or pneumococcal groups. However, numbers of deaths in all
sub-analyses were few.

Coma, convulsions, rash and temperature on admission
For all analyses, with the exception of pneumoccocal infection, coma on admission
was statistically significantly associated with death. Although there was an increased
risk o f death among children with pneumococcal meningitis who were admitted in
coma, this was not a statistically significant association.
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For the cohort as a whole, convulsions on admission were statistically significantly
associated with death. Rash on admission was associated with poor outcome only for
those children who had meningococcal meningitis. This raises the possibility that the
children in this group who had a rash also had septicaemia, which is associated with a
higher mortality rate than meningitis alone. A temperature of 38 ° C or lower was
significantly associated with death only when all the children in the cohort were
included.

CSF glucose level and white cell count
When all the children in the cohort were included a CSF glucose level of less than 20
mmol/1 and a low CSF white cell count (< lOOx 106 /l) were found to be associated
with death. A low white cell count was also associated with death among children
who had bacterial meningitis (H. influenzae, N. meningitidis and S. pneumoniae
combined together) and for the meningococcal meningitis group alone. The odds of
death for children with a low white cell count remained elevated among the
haemophilus group but this was not a statistically significant association.
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Acute complications
Complications (convulsions, ventriculitis, hydrocephalus and/or relapse) were
statistically significantly associated with death for the cohort as a whole and for all the
sub-group analyses, with the exception of children who had haemophilus meningitis.
In this group the numbers of deaths were few (n=8).

The effect of these small

numbers is particularly apparent in the analysis for children in the meningococcal
group. Although the odds of death for a child with complications were 14 times higher
than those for a child without complications, this observation is based on only 3
deaths and the confidence intervals around the estimate of the odds ratio were very
wide (95% Cl, 0.70-825.79).

Treatment with cephalosporins
For the cohort as a whole, children who were treated with cephalosporins had a
significantly increased risk of death than those not treated. Such an association was
not found in any of the sub-group analyses. During the period when this cohort of
children had acute meningitis, treatment with cephalosporins was not standard
practice and children who were given these drugs may have differed from those who
were not. To determine whether or not children given cephalosporins differed, the
incidence of acute complications (hydrocephalus, ventriculitis, convulsions and/or
replapse) in the treated and untreated groups was compared. Children with acute
complications at the time of initial infection were more likely to receive
cephalosporins than children without (32.8% compared with 16.1%; %2 47.5, 95% Cl
1.90-3.31, p=<0.001). This suggests that children who were more severely ill were
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more likely to be given the newer cephalosporins in an effort to improve their disease

course.

5.3.2 Investigation of independent risk factors for death
To identify factors that were independently associated with death from meningitis in
the first year, those factors found to be statistically significantly associated with death
in the univariate analysis (p=<0.05), were included in a multiple logistic regression.
This analysis was carried out only for the whole cohort of children.
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Table 5.11

Summary of multiple logistic regression of risk factors for death
from meningitis in the first year for 818 children.

Crude OR

Adjusted
OR

1.00
4.13
11.59

1.00
2.07
1.57

0.53-7.69
0.18-12.29

0.28
0.67

1.00
3.59
13.63

1.00
1.54
9.02

0.38-5.89
1.13-75.36

0.53
0.04

1.00
7.13

1.00
8.46

3.41-22.31

0.001

1.00
2.69

1.00
1.97

0.60-5.80

0.23

1.00
2.84

1.00
1.77

0.68-4.47

0.22

1.00
1.97

1.00
0.58

0.22-1.48

0.27

1.00
2.17

1.00
3.19

1.27-7.80

0.01

1.00
0.58

1.00
2.70

1.06-7.43

0.04

1.00
6.62

1.00
5.09

2.21-12.23

0.0002

Clinical Details
gestational age
37 weeks and over
33-36 weeks
32 weeks or less
birthweight
over 2500 gms
1500-2500 gms
under 1500 gms
age at meningitis
post neonate
neonate
coma on admission
no
yes
convulsions on admission
no
yes
temperature on admission
higher than 38 °C
38 °C or lower
CSF white cell count
>100 x l0 6/l
<100 x l0 6/l
treatment with cephalosporins
yes
no
complications during meningitis
no
yes

95% Cl

p-value

5.3.3 Independent risk factors for death
The analysis was restricted, since only those children for whom there were data for all
variables could be included. After controlling for all the other factors included in the
model, those that remained independently associated with death from meningitis in
the first year were very low birthweight (less than 1500 grams), meningitis in the
neonatal period, a low CSF white cell count on admission and acute complications
during meningitis. In addition, after controlling for all other factors in the model,
children who were not treated with cephalosporins were at increased risk of death.
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5.4 Key points

• Based on an active reporting system the annual incidence of meningitis from all
causes between 1985 and 1987 was 160 per 100,000 children under one year.
1.6/ 100, 000 .

• Premature and low birthweight babies were more likely to acquire the infection
than normal birthweight and full term babies.
• There was an increased incidence of meningitis among males compared with
females.
• The most common organisms responsible for meningitis in the neonatal period
were Escherichia coli and Group B streptococcus.
• The common infecting organisms in the post-neonatal period were Haemophilus
influenzae, Neisserria meningitidis and Streptococcus pneumoniae.
• Meningitis in the neonatal period was independently associated with a risk of death
five times that of children who had the infection over the age of one month.
• Low birthweight, prematurity, a low CSF white cell count, complications during
the acute episode, and treatment that did not include cephalosporins were all found
to be independent risk factors for death from meningitis in children under one year
of age.
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Chapter 6

Results: Five Year Follow up Study

6.1 Introduction
In this chapter information gathered from general practitioners (GPs) and from parents
about the children’s health and development is described. First, the information
obtained from GPs and parents is described separately. The main part of the results
section concerns the overall findings based on the combination of data from GPs and
parents. The definitions and prevalence of selected conditions for the meningitis
cohort as a whole, for the non-meningitis group and the results for children who had
bacterial meningitis (Haemophilus influenzae, Neisseria meningitidis or Streptococcus
pneumoniae).

Finally, the results of univariate analyses to investigate factors

associated with poor outcome and of multiple logistic regression to identify
independent risk factors for poor outcome are described.

6.2 Study Population
1761 children who had survived the initial attack of meningitis formed the basis for
the follow-up. Of these, 40 children were subsequently excluded since they did not
fulfil the inclusion criteria for the original study (see page 104) (table 5.1); an
additional 20 children had emigrated and 33 could not be traced. At follow-up, 37
children were reported to have died. On further investigation it was found that 32 of
these children had died since completion of the original study, and the remaining 5
children at the time of the acute attack of meningitis but this had not been notified to
the Karim Centre (see page 123, table 5.2).
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i) Children who could not be traced or were not followed up
A total of fifty three children were either not followed up or could not be traced. Of
these, 20 children were found to have emigrated. For 7/33 children who could not be
traced, there was no record from the time of the acute episode of meningitis of their
sex or date of birth (for one of these children no name was recorded either), making it
not possible to trace them via the available registers; 4 children were known to be in
forces families but SSAFA were not able to provide details of their present posting;
the remaining 22 children could not be traced through any of the sources
including the National Health Services Central Register. There is evidence that
children who are difficult to trace are more likely to be disabled than those that are
easier to find (Wariyar 1989). Table 6.1 shows selected demographic and clinical
details at the time of the acute episode for children who could not be traced or who
had emigrated, compared with those children for whom contact was made with the
GP. This information was missing for a higher proportion of children who could not
be traced or who had emigrated.
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Table 6.1 Selected demographic and clinical details for 53 children who could
not be traced or who had emigrated compared with 1631 children for
whom contact was made with the GP.

Clinical details
birthweight
VLBW
low birthweight
over 2500 gms
information missing
gestation
32 weeks or less
32-36 weeks
37 weeks or over
information missing
age at diagnosis
neonate
post-neonate
information missing
causative organism
H. influenzae
N. meningitidis
S. pneumoniae
Group B streptococcus
E. coli
Other organisms
Viruses
no organism grown/specimen
not collected
Information missing
Coma
Yes
No
Information missing
Fits
Yes
No
Information missing
Acute complications
Yes
No
Information missing

Children not traced Children traced
number (%)
number (%)
3 (9)
3 (9)
28 (82)
19

60 (5)
167 (13)
1071 (82)
333

3 (8)
2 (5)
32 (86)
16

90 (7)
136(11)
1037 (82)
368

8(17)
40 (83)
5

290(18)
1334 (82)
7

14(35)
12 (30)
5(12)
7(17)
0
2 (5)
12

420
408
146
105
75
93
52
326

1

6

5(11)
39 (89)
9

138 (9)
1309 (90)
184

5(11)
39 (89)
9

272(19)
1181 (81)
178

10 (23)
34 (77)
9

290 (20)
1147 (80)
194
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(32)
(31)
(11)
(8)
(6)
(7)
(4)

It is important to consider the issue of bias, that is whether or not the children who
were followed up differed from those who were not as this could lead to inaccurate
estimates of the sequelae of meningitis. For this purpose, the prevalence of acute
complications, found to be an independent predictor of death in the Karim study, was
used as a measure of the severity of disease, and the two groups compared. On this
basis there was no difference between the two groups (x2 0.17, p=0.68), although
information for this variable was more likely to be missing for the group that could
not be traced (17% v 12%).

ii) Deaths
In addition to the 158 children who died as a result of the acute attack of meningitis,
32 children were found to have died since completion of the original study. A further
five children had died at the time of the acute episode but this had not been notified
to the Karim Centre (table 5.2). The causes of and age at death, and details of the
presence of other conditions for these children were collected from a number of
sources: hospital records, death certificates and ONS (table 6.2).

Thirty of these children had conditions associated with prematurity, congenital
abnormalities, severe neurological damage as a consequence of meningitis, or other
severe health problems such as acute lymphoblastic leukaemia. Five children had
Down syndrome. Only two children were not reported to have any pre-existing
condition and in these cases the causes of death were septic shock at 4 years, and
acute bronchiolitis and pneumonia. The information available for four children was
inadequate to determine the cause of death. Subsequent' to collection of the data the
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researchers were informed that one of the children included in the follow-up had died
following a road traffic accident.
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Table 6.2

Late deaths, cause, age and presence of other conditions

Cause of death
Intracranial haemorrhage

Organism
H.flu

age at death
13 months

H.flu

14 months

H.flu

17 months

Cerebral tumour

H.flu

21 months

Poor weight gain, growth
and development
Microcephaly; blind;
spastic quadriplegia
Complex congenital
cyanotic heart disease
Severe retardation; spastic
quadriplegia
Multiple cardio-vascular
abnormalities; Down
syndrome; second
meningitis aged 6 months
Down syndrome; a/v canal
defect; duodenal atresia;
Hirchsprung’s
Cerebral palsy & diabetes
insipidus
Profound developmental
delay; microcephaly
post meningitis cerebral
scarring; spastic
quadriplegia; blind
Congenital brain
malformation; sfd; cleft lip
and palate; talipes
Cerebral palsy
Hydrocephalus; epilepsy
Dermoid cyst of spine;
hydrocephalus
Cerebral palsy

Pulmonary
hypertension/rt and left
ventricular failure
Upper respiratory tract
infection
Fulminating
gastroenteritis
Inhalation of gastric
contents
Cardiac failure

N.men

2 3/4 years

S.pneu

18 months

Viral infection

S.pneu

19 months

Chronic heart disease;
leukaemia

S.pneu

2 yrs 10 months

Congestive cardiac
failure

S.pneu

3 yrs 4 months

Bronchopneumonia

GBS

11 months

No record

GBS

18 months

Bronchopneumonia

GBS

2 yrs 1 mth

Inhalation o f gastric
contents

GBS

2 3/1years

Bronchopneumonia
Cerebral atropy
e.coli ventriculitis; e.coli
meningitis (2nd attack)
Bronchopneumonia
No record

GBS
E.coli
E.coli

5 yrs 1 mth
7 months
11 months

E.coli
E.coli

21 months
Not known
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other conditions
Acute lymphoblastic
leukaemia
Down syndrome; a/v septal
defect

Table 6.2 contd.
Cause of death
Inhalation gastric
contents; raised
intracranial pressure;
upper respiratory tract
infection
bronchopulmonary
dysplasia; respiratory
distress syndrome
Bronchopulmonray
dysplasia

Organism
Other
bacteria

Age at death
5 months

O ther conditions
Sfd; hydrocephalus & V/P
shunt

other
bacteria

11 weeks

premature; severe growth
retardation

Other
bacteria

6 months

Bronchitis and chronic
severe heart disease

Other
bacteria

21 months

Hyaline membrane
disease; intraventricular
haemorrhage; extreme
prematurity
Severe mitral and aortic
valve incompetence;
bacterial endocarditis;
chronic renal failure and
dysplastic kidney

Respiratory failure; acute
bronchiolitis;
bronchopneumonia
No record

Other
bacteria

22 months

3 Vi years

Hydrocephalus with shunt

Unknown

Hydrocephalus with shunt

Pneumonia

Other
bacteria
Other
bacteria
other vims

3 V2 years

Cerebral haemorrhage

No growth

14 months

Acute respiratory failure;
acute respiratory arrest;
septicaemic shock
Septicaemic shock; acute
haemorrhagic necrosis of
small bowel; volvulus
Bronchopneumonia

No growth

2 yrs 5 months

Spastic quadriplegia;
herpes encephalitis
Hydrocephalus; premature;
developmental delay
Infantile spasms;
developmental delay

no growth

4 years

no growth

4yr 2 mths

no record

4 months

no record

22 months

No record

Sudden infant death
syndrome
Bronchopneumoni a
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Cerebral palsy;
microcephaly;
hydrocephalus
Down syndrome; a/v canal
defect
post meningitis
encephalopathy;
microcephaly; spastic
quadriplegia; epilepsy

iii) Children followed up
Response rates from general practitioners
Meningitis group
Questionnaires were sent to 1631 GPs and returned completed for 1540 children
(94%). A further 65 (4%) questionnaires returned by GPs had not been fully
completed, but provided information that enabled contact to be made with parents.
Thirty one (2%) GPs did not reply to the questionnaire despite being sent several
reminders through the post. These GPs were subsequently contacted by telephone by
the researcher and reminded about the survey. Two of them said they would prefer to
have the parents’ consent before completing the questionnaire. In this situation a letter
seeking consent was sent to the parents to be forwarded by the GP, but parental
consent was not obtained.

To determine whether or not there were differences in health and development among
the two groups of children, that is those about whom GPs responded compared with
those for whom there was no response, the prevalence of complications during the
acute attack of meningitis was compared. Children for whom the GP did not reply
were more likely to have had acute complications at the time of the initial episode
(32% v 17%; x2 4.04, p=0.04), a factor found to be independently associated with
death in the analysis of the Karim incidence study data. This raises the possibility that
the children for whom there was no information from the GP had a higher rate of
sequelae than those for whom information was gathered.
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Non-meningitis group
Completed questionnaires were returned by 1320/1485 GPs, a response rate of 89%.
A further 121 (8%) questionnaires were returned but not completed, but this enabled
contact to be made with the parents.

6.3 Information collected from GPs
Based on information collected from GPs for 1540 children in the meningitis group
and 1320 in the non-meningitis group, the prevalence and relative risks of reported
problems in each of the health and development domains were calculated (Table 6.3).

Table 6.3 Health and developmental problems reported by GPs at 5 years
for 1540 children in meningitis and 1320 children in non
meningitis group. (Percentages, RR and 95% Cl)

Hearing/ENT problems
Learning problems
Motor problems
Ocular/visual problems
Seizure disorders
Speech/language problems
Behaviour problems
No problem reported

Meningitis
(n=1540)
19.4
7.5
7.5
9.5
6.0
14.3
7.4
54.6

Non-meningitis
(n=1320)
9.2
1.1
1.0
3.9
1.2
4.5
2.7
69.6

RR

95% Cl

2.1
6.6
7.7
2.5
5.0
3.2
2.7

1.7-2.6
3.9-11.2
4.3-13.5
1.8-3.3
2.9-8.4
2.4-4.2
1.9-3.9

6.3.1 Health and development problems reported
Just over a half of the children in the meningitis group and nearly 70% in the non
meningitis group were reported by GPs to have no health or development problems.
The prevalence of reported problems in both groups was high, since GPs reported all
conditions ranging from those that are common in the childhood population such as
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middle ear problems to more serious, less common conditions such as sensori-neural
hearing loss and cerebral palsy. Children who had had meningitis were at increased
risk of having health and developmental problems in all domains. This was
particularly evident in the categories of learning problems, neuromotor problems and
seizure disorders with children in the meningitis group at a six fold, seven fold and
five fold increased risk respectively of having such problems. There was considerable
overlap between categories with 39% of children in the meningitis group and 21% in
the non-meningitis group affected by more than one condition.

6.3.2 Hearing and ENT problems
Among the meningitis group 298 (19.4%) children and 121 (9.2%) of the non
meningitis group were reported to have hearing or ENT problems (RR 2.1, 95% Cl
1.7-2.6). GPs provided specific details of the problem for 254/298 (85%) children in
the meningitis group and 105/121 (86%) children in the non-meningitis group (table
6.4).

Eighty two (5%) children in the meningitis group and 3 (0.2%) in the non-meningitis
group were reported to have a sensori-neural hearing loss. In the meningitis group this
loss was described as profound bilateral for 14 (0.9%) children and severe bilateral for
5 children (0.32%). The children in the non-meningitis group were all reported to
have mixed bilateral losses. Among the meningitis group 83 (5.4%) were reported to
have conductive hearing loss, with 48 (3.6%) in the non-meningitis group. In addition,
a further 78 (5%) and 48 (3.6%) children in the meningitis and non-meningitis groups
respectively, were reported to have middle ear disease such as otitis media.
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Table 6.4 Hearing and ENT problems reported by GPs for
298 meningitis and 121 non-meningitis children at five years
(number and % of total in meningitis and non-meningitis groups)

Hearing /ENT problem

Meningitis
n (%)

bilateral sensorineural loss
profound
severe
moderate
mild
degree unspecified
mixed
unilateral sensorineural loss
profound
severe
moderate
mild
degree unspecified
mixed
hereditary
sensorineural loss site unspecified
moderate
mild
degree unspecified
mixed
Total sensorineural loss
conductive loss
bilateral
unilateral
site unspecified
Total conductive loss
middle ear problems
suspected loss
type of loss unknown
problem not specified
Total hearing/ENT problems
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14
5
2
2
15
15

(0.9)
(0.3)
(0.1)
(0.1)
(0.9)
(0.9)

3
2
0
1
8
1
1

(0.2)
(0.1)

Non-meningitis
n (%)

3 (0.2)

(0.1)
(0.5)
(0.1)
(0.1)

2 (0.1)
1 (0.1)
6 (0.4)
4 (0.3)
82 (5%)
59 (3.8)
7(0.5)
17(1.1)
83 (5.4%)
78 (5)
8 (0.5)
3
44
298

3 (0.2%)
37 (2.8)
4(0.3)
7 (0.5)
48 (3.6%)
52 (3.9)
1 (0.1)
1 (0.1)
16
121

6.3.3 Speech and language problems
GPs reported 220 (14.3%) children in the meningitis group and 59 (4.5%) in the non
meningitis group, to have speech and language difficulties. A further five children in
the meningitis group and three in the non-meningitis were specifically reported to
have had speech and language problems that had improved. Detailed information
about the nature of the problem was provided for 185/220 (84%) meningitis children
and 50/59 (84%) children in the non-meningitis group. Of these, 25 (1.6%) children
in the meningitis group and none in the non-meningitis group were reported to be
unable to speak or to have severe communication problems. For the remaining
children, the condition described was either speech and/or language delay (145, 9.4%
meningitis; 50, 3.7% non-meningitis), or other speech and language problems such as
expressive dysphasia, dysarthria (meningitis 15, 0.9%; non-meningitis 0).

6.3.4 Ocular/ Visual problems
One hundred and forty seven (9.5%) children in the meningitis group and 51 (3.9%)
children in the non-meningitis group were reported by GPs to have ocular or visual
problems. The most common condition in both groups was squint (76, 5% meningitis;
30, 2.3% non-meningitis). Among the meningitis group, six children were reported to
be blind.

Other conditions reported included amblyopia (2 meningitis; 2 non

meningitis) and nystagmus.
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6.3.5 Learning problems
One hundred and fifteen (7.5%) of the meningitis children and 15 (1.1%) of non
meningitis children were reported to have learning problems. Thirteen children (0.8%)
in the meningitis group were described as having severe learning disabilities, and 21
(1.4%) in the meningitis group and 2 in the non-meningitis group as having a global
delay. GPs were asked if the child had a mental impairment and in responding to this
question a variety of terms were employed: mental retardation; learning problems;
developmental delay; global delay; mental handicap; brain damage; developmental
retardation; ‘almost a vegetable’. In addition GPs described the condition associated
with the learning problem e.g. cerebral palsy, hydrocephalus, Down syndrome rather
than providing more precise details of the extent of the learning disability.

6.3.6 Neuromotor Deficits
GPs reported 116 (7.5%) children in the meningitis and 13 (1%) in the non-meningitis
groups to have neuromotor problems (RR 7.7 95% Cl 4.3-13.5 ). Detailed information
about the nature o f the motor problem was provided for 98/116 (84%) children in the
meningitis group and 9/13 (69%) in the non-meningitis group (table 6.5). The total
number of problems among children in the meningitis group is greater than 98, since 4
children were reported to have more than one deficit. Cerebral palsy was specifically
reported for 66 children (4.2%) in the meningitis group and for 2 (0.1%) children in
the non-meningitis group

In cases where the information was not precise enough to determine the exact nature
of the disorder, educated guesses were made. For example a child described by the GP
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as having spastic diparesis and being unable to walk was included as a report of
cerebral palsy.

Three children in the meningitis group were described as having conditions that
predated their meningitis: hemiparesis (1); motor delay (1); severe congenital
deformities: bilateral talipes and severe radial club hand with absent radius (1). Two
children were described as being so severely handicapped that they were unable to
make voluntary movements (1) and had primitive reflexes only (1).
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Table 6.5

M otor problems reported by GPs for 116 meningitis
and 13 non-meningitis children at five years (num ber and % total)

M otor problem
cerebral palsy
spastic quadriplegia
spastic hemiplegia
spastic diplegia
spastic paraplegia
monoplegia
hemiparesis
double hemiparesis
ataxia
Sub-total cerebral palsy
severe problems
no voluntary movements
primitive reflexes only
multiple congenital
malformations
bilateral through knee
amputations
Sub-total other severe motor
problems
gross motor delay
abnormal gait/poor
balance/clumsy
delay walking/running
hypotonic
slight weakness
manipulation problems
poor fine coordination
Sub-total moderate/mild
motor problems
problem not specified
Total m otor problems

Meningitis
n (%)
14
10
12
8
1
1
13
1
6
66 (4.2%)
1
1
1
1

non-meningitis
n (% )
1
1

2 (0.1%)

1
25 (1.6%)
4
10
9
1
1
1
5
31 (2%)
18
120
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6
1

7 (0.5%)
4
13

6.3.7 Seizure disorders
GPs reported 93 (6%) of children in the meningitis group and 16 (1.2%) in the non
meningitis group to have seizure disorders. Information on the nature of the disorder
was provided for 67/93 (72%) meningitis and 13/16 (81%) non-meningitis children
(table 6.6).

Table 6.6

Seizure disorders reported by GPs for 93 meningitis
and 16 non-meningitis children at five years (num ber and % total)

Seizure disorder
epilepsy
febrile convulsions
not specified
Total seizure disorders

meningitis
n (%)
47 (3)
20(1.3)
26(1.6)
93

non-meningitis
n (%)
3 (0.2)
10(0.7)
3 (0.2)
16

6.3.8 Behavioural problems
Seven percent of the meningitis children (n=114) and 2.7% (n=36) of the non
meningitis children were reported to have behavioural problems. Specific details of
the problem were provided for 79/114 (69%) children in the meningitis group and
28/36 (77%) children in the non-meningitis group. A diverse range of problems were
described including temper tantrums (meningitis 12, non-meningitis 3); hyperactivity
(meningitis 17, non-meningitis 10) and sleep disturbance (meningitis 7, non
meningitis 1). In both groups children reported by GPs to have behavioural problems
had additional health and development problems (meningitis group 97/114, 85%; non
meningitis group 19/36, 52%).
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6.3.9 Hydrocephalus
Thirty six (2.3%) children in the meningitis group and 1 child (0.07%) in the non
meningitis group were reported to have hydrocephalus. Among the meningitis group 7
of these children were known to have had the condition prior to the infection, for 23
children the condition was reported to have presented following the episode of
meningitis and, for the remaining 6 children, this information was not available.

6.3.10 Other conditions
In addition to the specific conditions that are recognised to be associated with
meningitis, GPs reported that 359 of the meningitis and 243 of the non-meningitis
children had other conditions (table 6.7). These comprised congenital conditions such
as talipes, microcephaly, Down syndrome and cardiac problems as well as acquired
conditions such as autism and failure to thrive. Asthma was the most frequently
reported condition for both groups. The prevalence of each condition reported in the
two groups has not been calculated since the general nature of this question may have
resulted in under reporting. The total number of conditions reported is higher than the
number of children in both groups, since some children had more than one condition.
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Table 6.7

Other conditions reported by GPs for 359 meningitis children and
243 non-meningitis children (number)

Condition
asthma
atopy
recurrent infections
Cardiac problems
severe
mild
congenital malformations
renal/urinary tract conditions
Down syndrome
failure to thrive
iron deficiency anaemia
haemoglobinopathies
metabolic conditions
immunodeficiency
diabetes
headaches
orthopaedic conditions
autism
necrosis hand and foot
histiocytosis X
cystic fibrosis
gastro-intestinal conditions
peripheral neuropathy
other minor conditions
Total

meningitis
number
152
27
14
3
7
7
6
6
6
4
3
3
2
2
2
2
1
1

3
1
134
386
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non-meningitis
number
157
50
16

7
2
2
4
1
1
4
1
4

1
2
4
22
278

6.4 Summary of results
• Based on information collected from GPs, the overall picture of the health and
development of the children in the meningitis cohort shows that although the
majority of children were without significant problems or had only relatively mild
conditions, a significant number had severe, permanent disabilities. For example,
4.6% of these children had severe neuro-motor disabilities.

• There was also a significant number of children in this cohort with health and
development problems that were apparently unrelated to the sequelae of meningitis
although they may have increased the risk of the child acquiring the infection.

• These data provide detailed information about a cohort of five-year-old children
who did not have meningitis in infancy, and gives detailed insight in the health and
development of a sample of the childhood population.
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6.5 Information collected from parents
Introduction
“ I am very happy to complete this questionnaire and would he pleased to receive any
information regarding the long term effects o f meningitis. Ifin d it a subject which,
unless involved with, no-one seems to have any interest in. I enclose C ’s school
report, I am so proud o f his achievements after I didn’t even think he would live to go
to school " (mother o f a child who had H.influenzae meningitis)
“Thank you fo r sending me the form to fill in. My child B had the worst form o f
meningitis. When he was in hospital the doctors told me not to get my hopes up and
when the doctor came to tell me he could go home he said he had made a miraculous
recovery, he was unscathed.... " (mother o f a boy who suffered meningococcal
meningitis)

In this section the information gathered from parents will be briefly described.
Questionnaires were received from 1423/1543 (92%) parents of the meningitis group
who were contacted and 1203 /1400 (86%) parents of the non-meningitis group. For
48 of the children in the meningitis group no information had been provided by GPs,
and parents were thus the only source of information, highlighting the importance of
contacting parents as well as GPs to achieve as complete follow up as possible. Of
these 48 children,

7 were reported by parents to have significant health and

development problems (profound sensori-neural hearing loss 1; poor vision 1; severe
learning problems

1; hemiparesis

1; hydrocephalus 2; cerebral palsy and

hydrocephalus 1).

In general the information gathered from parents tended to be more descriptive, and
provided detailed insights into the health and development of two groups of 5 year
old children: a cohort who had suffered meningitis in their first year and a comparison
group who were not exposed to the infection.
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Since not all parents who completed the questionnaire responded to every question,
there are differences in the denominator used.

Prevalence rates for specific

conditions have been calculated on the basis of the number of parents who responded
to the question under investigation.

6.5.1 Demographic information
Mother’s age at child’s birth
The mothers of children in the meningitis group ranged in age from 15 to 44 years at
the time of the child’s birth, with a range of 14 to 46 years among mothers of children
in the non-meningitis group. Mean maternal age was 26.5 years among mothers of
children in the meningitis group and 27 years among mothers of children in the non
meningitis group.

Birthweight and gestation
Parents were asked for details of their child’s birthweight and gestation to supplement
the information gathered in the Karim incidence study.

Table 6.8 Parents reports of birthweight for children in the
meningitis and non-meningitis groups
(number, % total responding)

Birthweight
VLBW (less than 1500 grams)
LBW (1500-2500 gms)
over 2500 grams
Total

meningitis
(n %)
62 (4.5)
152(11.0)
1163 (84.5)
1377
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non-meningitis
(n %)
10(0.9)
48 (4.1)
1115(95.1)
1173

Table 6.9

Parents reports of gestational age for meningitis
and non-meningitis groups.
(number, % total responding)

Gestational age
less than 32 weeks
32-36 weeks
37 weeks and over
Total

meningitis
(n %)
81 (6.0)
175 (12.8)
1112(81.3)
1368

non-meningitis
(n %)
13(1.1)
83 (7.2)
1058 (91.7)
1154

Children in the meningitis group were more likely to have been low birthweight and
to have a gestation less than 37 weeks than children in the non-meningitis group
(birthweight, x2 76.61, p=<0.001; gestation x2 56.3, p=<0.001). This finding concurs
with that reported from the Karim incidence study, in which low birthweight and
prematurity were significantly more common among the cohort of meningitis children
than in the general population (de Louvois et al, 1991).

For those children for whom information regarding birthweight and gestation was
available from both the original study as well as from the follow up study, data from
both sources were compared and there was almost perfect agreement (birthweight,
kappa=0.902, standard error 0.025, 95% CI=0.85-0.95; gestational age, kappa=0.939,
standard error 0.024, 95% CI= 0.89-0.99) (tables 6.10 and 6.11 ).
Table 6.10

Comparison of recorded birthweight
for children included in meningitis incidence study
with parents’ report at five year follow-up

Weight recorded in
incidence study
VLBW
LBW
NBW

Parents’ reports of
birthweight
VLBW LBW NBW
0
3
46
9
5
117
910
2
12
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Table 6.11 Comparison of recorded gestational age
for children included in meningitis incidence study
with parents’ report at five year follow-up

Gestational age recorded
in incidence study

less than 32 weeks
32-36 weeks
37 weeks and more

Parents’ reports of
gestational age
37 weeks
less than 32-36
32 weeks weeks
and more
1
58
3
9
105
13
2
37
846

In cases where the information from the data sets differed significantly, the
questionnaire was scrutinised and, on the basis of the report of gestational age, a
judgment made about which report was most likely to be accurate. For example, 2
children who were recorded with a birthweight of over 2500 grams in the original
study were reported by parents to have weighed less than 1500 grams. In these two
cases the children had been bom at full term, and it therefore seemed unlikely that
they would have weighed less than 1500 grams.

For all further analyses, information on birthweight and gestation collected from
parents was used and where this was missing, supplemented by the information from
the original study. Although agreement between the sources was almost perfect the
decision to use information from the parents was made for a number of reasons. In the
follow-up study parents were asked to record their child’s birthweight on the
questionnaire in pounds and ounces; it seems likely that parents would recall their
child’s birthweight accurately particularly if the baby was small,

whereas the

information about birthweight gathered in the incidence study would have been
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transcribed from hospital records onto a questionnaire, providing several opportunities
for transcription errors. In addition, parents were the only source of information about
birthweight and gestation for the non-meningitis group.

Family size
The majority of children in both groups (43% meningitis; 48% non-meningitis) had
one sibling. The number of siblings ranged between 0 and 10 with a mean of 1.6
among the meningitis group and 1.5 among the non-meningitis group.

Socio-economic status
Information was collected about current or most recent parental occupation and coded
according to the Registrar General’s classification of occupation. Social class was
assigned on the basis of father’s occupation or, where a lone mother was in
employment, on the basis of her own occupation.
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Table 6.12 Father’s socio-economic status for 1363 children in the
meningitis group and 1151 in the non-meningitis group
(number %)

S

meningitis
(n %)
360 (26)
OO

Father’s socio-economic
status
I&II professional/managerial
III non-manual
III manual
4&5
Student
lone mother-not working
not known
Total

419 (31)
186 (14)
7 (0.5)
198 (14)
106 (8)
1363

non-meningitis
(n %)
375 (33)
82 (7)
358 (31)
131 (11)
5 (0.4)
124 (11)
76 (7)
1151

The meningitis and non-meningitis groups were generally similar in their socio
economic backgrounds, although a higher proportion of parents of children in the non
meningitis group were in professional and managerial classes (%2 10.46 p=0.001).
There was also a higher proportion of non-working lone mothers among parents of
children in the meningitis group (%2 8.65, p=0.003).

6.5.2 Parents’ perceptions of the health of their children
The majority of parents of both groups of children (1305/1420, 91%) meningitis
group; (1163/1200, 96%) non-meningitis group, considered their child to be fit and
healthy. One hundred and eleven parents of meningitis children and 33 parents of the
non-meningitis group did not consider their child to be healthy or did not know
whether they were or not. The reasons they gave for this are described in table 6.13.
There were no significant differences in perceptions of a child’s state of health
according to socio-economic status.
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Table 6.13 Parents’ reasons for considering their child not
to be fit and healthy for 111 meningitis and 33
non-meningitis children

Reason given by parent
susceptible to minor infections
asthma/eczema
headaches
hearing loss
pains/tired/pale/ frail
multiple problems
clumsy
cerebral palsy
cerebral palsy & epilepsy
learning problems
hearing loss and epilepsy
hydrocephalus
epilepsy/fits
headaches & epilepsy
diabetes
hypogammaglobulinaemia
gastrointestinal problems
adrenal hyperplasia
catarrah
hystiocytosis X
needs kidney transplant
out of breath easily
throat polyps
needs tonsillectomy
perthes disease
Total

meningitis
(number)
42
19
8
6
7
8
1
5
1
2
1
1
3
1
1
1
2
1

non-meningitis
(number)
5
13
0
1
5

1

2
1
1
1

1

111

1
1
1
33

Despite the picture gathered from the GP data, that many of these children had
significant disabilities, it is clear that parents have particular criteria for perceiving
health and fitness in their children which is unrelated to disability. The main reason
the parents of the meningitis children gave for not considering their child to be fit and
healthy was a perceived increased susceptibility to minor infection (n=42), and among
parents of non-meningitis children, it was atopy (n=13). This perception on the part of
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parents of a child who has had meningitis may be due to their understandable concern
that when their child becomes ill it may be a recurrence of meningitis, and they are
thus particularly aware of the frequency of infections.

6.5.3 Hearing and ENT problems
Parents reported 266/1409 (19%) children in the meningitis group and 120/1185
(10%) in the non-meningitis group to have hearing or ENT problems, a similar
proportion to that reported by GPs. A further 1.2% and 1.7% of parents of meningitis
and non-meningitis children respectively reported their child to have had problems in
the past that had now resolved. Details of the nature of the problems were provided
by parents for 252/266 children in the meningitis group and for 115/120 children in
the non-meningitis group (table 6.14).

Among the meningitis group, the prevalence of any reported ENT or hearing problem
was higher among the more socio-economically deprived groups (%2 for trend 8.816,
p=0.003), with the highest prevalence among children whose mother reported
themselves to be a lone parent (25.5% v 17%). Such a pattern was not apparent
among the non-meningitis group.
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Table 6.14

Hearing and ENT problems described by parents for children in
meningitis and non-meningitis groups (number % total)

Hearing/ENT problem

Meningitis
(n %)

bilateral sensorineural loss
profound
severe
loss requiring aids
unilateral sensorineural loss
profound
severe
sensorineural loss site/degree unspecified
mixed loss
s/n loss
Total sensorineural loss
bilateral loss, type & degree unspecified
unilateral loss, type & degree unspecified
unspecified loss
middle ear disease
teacher/parent think there’s a problem
inconclusive/failed hearing tests
problem not specified
Total

non-meningitis
(n %)

18 (1.2)
5 (0.3)
9 (0.6)
10 (0.7)
1 (0.1)
3 (0.2)
2 (0.1)
48 (3.4)
5 (0.3)
24 (1.7)
25 (1.7)
111 (7.8)
27 (2)
12 (0.8)
14
266

1 (0.1)

4(0.3)
7 (0.6)
82 (7.0)
14(1.2)
7 (0.6)
5
120

Hearing tests
Parents were asked if their child’s hearing had ever been tested (table 6.15). Since
meningitis is one of the major recognised risk factors for hearing loss, it was of
concern that nearly 8% of parents responding whose child had had meningitis reported
that they had not had a hearing test. However, it is acknowledged that this finding
may not be a true reflection of the situation, and that parents may simply not have
remembered their child’s hearing being tested.
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Table 6.15

Child’s hearing tested (number and % total)

Child’s hearing tested
yes
no
don’t know
Total

meningitis
n (%)
1278 (91)
108 (8)
13 (1)
1399

non-meningitis
n (%)
1021 (86)
144 (12)
15 (1)
1180

Responses to this question differed for children infected with the different bacterial
organisms. For example, 9% of parents of children in both the meningococcal and
haemophilus groups said their child’s hearing had not been tested, compared with
only 4% in the pneumococcal group; this difference just failed to reach statistical
significance^2 3.51, p=0.06).

Parents were also asked how old their child was at their last hearing test: the mean age
of children in the meningitis group was 4 years and one month, but 17% were under
1 year of age and 12% were 1-2 years old. The children in the non-meningitis group
were considerably younger, with a mean age of 13 months at their last test.

6.5.4 Speech and language problems
Sixteen percent (230/1418) of the parents of children in the meningitis group and
5.9% (70/1192) of the non-meningitis group said that their child had speech and
language problems. An additional 178 (12.5%) and 95 (8%) children in the meningitis
and meningitis groups respectively were reported to have had problems in the past that
had now resolved. Details of current speech and language problems were provided
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by parents for 220/230 children in the meningitis group and 64/70 in the non
meningitis group (table 6.16).

Forty three children (3%) in the meningitis group and none in the non meningitis
group were reported to be unable to speak or to have severe communication
problems. A wide range of speech problems were reported for the remainder of the
children: 47 reported delay and 8 of these were specifically reported to be secondary
to hearing problems; 5 children were described as having physical conditions that
resulted in speech and language difficulties these included: cerebral palsy (2);
tracheotomy (1); one child was reported not to have spoken following bilateral
through knee amputations and he is included in the category ‘psychological
problems’.

Among the meningitis group, the prevalence of reported speech and language
problems was increasingly common among children in the more deprived social
groups (X2f0rtre"d 5.057, p=0.024).

Table 6.16 Speech and language problems described by parents for
meningitis and non-meningitis groups (number % of total)

Speech/language problem

meningitis
(»%>
43 (3)
39 (3)
8 (1)
124 (9)
5 (0.4)
1 (0.1)
10
230

no speech/severe problems
delay
delay secondary to hearing problem
other speech/language problems
secondary to physical problems
psychological problems
problem not specified
Total
173

non-meningitis
(n%)
4
2
56
2
6
70

(0.3)
(0.2)
(5)
(0.2)

Speech therapy
Parents reported 7% (94/1354) of the meningitis group and 2.5% (29/1155) of the
comparison group to be having speech therapy. A further 12% (158) and 7.5% (87)
respectively had received therapy in the past.

6.5.5 Visual/ocular problems
Problems with vision were reported for 207/1421 (14.6%) children in the meningitis
group and 96/1199 (8%) in the non-meningitis group. These figures are considerably
higher than the prevalence reported by GPs (6% and 2% respectively). Specific details
of the problems were described by the parents for 194/207 meningitis children and
91/96 non-meningitis children with squint the most commonly reported condition
among both groups (table 6.17).

Table 6.17 Visual/ocular problems described by parents for 207 meningitis
and 96 non-meningitis children (num ber and % of total)

Visual/ocular problem
squint
poor vision
refractive errors
diplopia
cataracts
other eye problems
blind until one year
thinks there is a problem
corneal ulcer
problem not specified
Total

meningitis
n (%)
72 (5)
69 (5)
34 (2)
1 (0.1)
1 (0.1)
11 (1)
1 (0.1)
5 (0.4)
13
207

174

non-meningitis
n (% )
25 (2)
34 (3)
21 (2)
1 (0.1)
3 (0.2)
6 (0.5)
1 (0.1)
5
96

Conditions included in the category ‘poor vision’ were: blind (meningitis 5); no pupil
reaction to light (meningitis 1); reduced visual acuity (meningitis 36, non-meningitis
19); amblyopia (meningitis 16, non-meningitis 8). Refractive errors included:
astigmatism (meningitis 19, non-meningitis 9); long sight (meningitis 20).

Of the 1414 parents of meningitis and 1200 parents of non-meningitis children who
answered the question, 27% and 23% respectively said that their child had not had
their eyes tested. A further 2.8% of parents in both groups did not know whether or
not their child’s eyes had ever been tested. This too may not be a true reflection of
reality and either a parent’s perception or memory of the situation. Parents were also
asked how old their child was at the last eye test, the mean age of children in the
meningitis group was 3 years and 3 months and in the non-meningitis group, 14
months.

Squint
Parents were specifically asked if their child had a squint. Among the meningitis
group 90 parents reported that their child had a squint and a further 70 reported a
history of squint. Among the non-meningitis group 18 were reported to have a squint
and a further 29 had a history of squint. Seventy two children in the meningitis group
and 22 in the non-meningitis group were reported to have received treatment for the
squint. This was: patching (meningitis n=33, non-meningitis n=8); surgery and
patching (meningitis n=16, non-meningitis n= 5); surgery alone (meningitis n=13,
non-meningitis n=6).
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It was of interest that some parents who had responded to the earlier question that
their child had no problem with their vision, reported that their child had a squint
(18/90 meningitis; 5/18 non-meningitis), suggesting that parents do not consider a
squint to be associated with visual problems.

6.5.6 Motor problems
Parents were asked to rate their child’s ability to walk, run and climb stairs. Parents
reported that 28 children in the meningitis group were unable to walk, 36 unable to
run and 30 unable to climb stairs (tables 6.18 i-iii). All the children who were reported
to be unable to walk were also unable to run or to climb stairs.
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Table 6.18 i Parents’ rating of child’s ability to walk for
meningitis and non-meningitis groups (number % total)
Walking
Cannot walk
Very clumsy
Clumsy
not clumsy
Total

meningitis non-meningitis
(n %)
(n %)
28 (2)
1 (0.1)
13 (1)
40 (3)
209(15)
93 (8)
1118(80)
1079 (91)
1395
1186

Table 6.18 ii Parents’ rating of child’s ability to run for meningitis and
non-meningitis groups (number % total)
Running
Cannot run
Very clumsy
Clumsy
Not clumsy
Total

meningitis
(n %)
36 (3)
55 (4)
226 (16)
1063 (77)
1380

non-meningitis
(n %)
1
(0.1)
21 (2)
104 (9)
1060 (89)
1186

Table 6.18 iii Parents’ rating of child’s ability to climb stairs for meningitis
and non-meningitis groups (number % total)
Climbing stairs
Cannot climb stairs
very clumsy
Clumsy
not clumsy
Total

meningitis
(n %)
30 (2)
28(2)
114(8)
1191 (87)
1363

177

non-meningitis
(n %)
0
18(2)
37 (3)
1125 (95)
1180

6.5.7 Seizure disorders
Parents reported 58/1410 (4.1%) of the meningitis and 16/1193 (1.3%) of the non
meningitis children to have suffered fits or convulsions in the past year. A further
301/1410 (21%) parents of the meningitis and 53/1193 (4%) of the non-meningitis
children reported that these had occurred in the past, but not in the last year.
Information was provided about the history of fits for 289/301 (99%) of the
meningitis group and 47/53 (88%) of the non-meningitis group.

For the majority of affected children in the meningitis group 205/298 (69%) the past
history of fits was associated with the acute attack of meningitis; a further 37 (12%)
parents reported a history of febrile convulsions, while in the non-meningitis group
the main cause of fits in the past was febrile convulsions (32/47).

Many parents of the meningitis group provided detailed descriptions of the nature of
their childrens’ current seizures. Five parents reported febrile convulsions. One boy
with multiple handicaps: cerebral palsy, cortical blindness and no speech, was
reported to have approximately one fit every 3 weeks, usually precipitated by being
tired or before becoming ill. A child otherwise considered to be fit and healthy was
reported to have up to 15 petit mal fits in every 24 hours. Another mother reported
that her son, along with very severe mental impairment, had epilepsy that had
improved to a level of suffering 3-4 episodes of small salaam fits per day, occurring
in clusters of 10 or 12 fits per episode. This child also had temporal lobe epilepsy
controlled by drugs.
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Of the children who had had seizures in the past year, 38/58 (66%) in the meningitis
group and 4/16 (25%) in the non-meningitis group were taking anti-convulsant
medication. For 35 children in the meningitis group and 4 non-meningitis children
details of the medication were provided, with most children taking sodium valproate
alone or in combination with another anti-convulsant.

6.5.8 Behavioural problems
Parents were asked if they considered their child to have any behavioural problems at
home or at school, specifically in relation to eating, sleeping, activity and temper
tantrums. More parents in the meningitis group (426/1400, 30%) considered their
children to have behavioural problems than in the non-meningitis group (156/1186,
13%) Table 6.19 shows the responses from parents of both groups. In this table the
total number of problems reported is greater than the number of children in both
groups since some parents reported more than one behavioural problem. Parents were
more likely to report behavioural problems than GPs, and some provided great detail
about the nature of the problem.

It was of note that 32 parents of children in the meningitis group (4 non-meningitis)
specifically reported their child to be slow or to have poor concentration in school.
These were children who apparently had no other health problems. Among the
meningitis group there was a significant association between socio-economic status
and the prevalence of behavioural problems with a higher prevalence with increasing
socio-economic deprivation (%2fortrend 16.3, p=<0.001). It was striking that among both
groups, children of lone mothers were reported to have the higher rates of behavioural
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problems compared with children in two parent families (meningitis 37% v 28%;
non-meningitis 23% v 11%). Among the meningitis group, boys were more likely to
be reported to have behavioural problems than girls, a difference that just failed to
reach statistical significance. (%2 3.39 p=0.065).

Table 6.19

Behavioural problems reported by parents for 426 meningitis
children and 156 non-meningitis children (number and % total)

Behavioural problems
temper tantrums
sleep problems
hyperactivity
slow learning/poor concentration
other problems at school
appetite/eating problems
other behavioural problems
Total behavioural problems

meningitis
(n %)
272 (19)
160 (11)
55 (4)
32 (2)
42 (3)
116 (8)
187 (13)
864

non-meningitis
(n%)
65 (5)
38 (3)
27 (2)
4 (0.3)
20 (2)
43 (4)
69 (6)
266

6.5.9 Other conditions
Parents were asked a general question about the presence of any disability or handicap
that they had not previously mentioned, or to enlarge on those that they had. Details of
other conditions were provided by 127 parents of meningitis and 24 parents of non
meningitis children. This information does not allow prevalence figures for specific
conditions to be calculated, since responses to this open question may not have been
complete, but the information provides insight into the range of conditions affecting
both groups of children. The total number of problems reported for the meningitis
group is greater than the number of children since some parents described more then
one condition (table 6.20).
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Table 6.20

O ther conditions described by parents for 127 meningitis and
24 non-meningitis children.

Condition

meningitis
(n)
17
35
12
16
4
2
2
1
3
5
3

hydrocephalus
cerebral palsy/paresis/motor delay
learning problems
multiple problems (unspecified)
Down syndrome
amputations
diabetes
osteogenesis inperfecta
cardiac conditions
congenital anomalies
renal/urinary tract conditions
Pierre Robin syndrome
coeliac disease
autism
orthopaediac conditions
cystic fibrosis
other conditions
Total number conditions

non-meningitis
(n)
1
1
2

1
2
1
2

1
13
16
130

4
1
9
24

6.5.10 Hospitalisation
Clearly all the children in the meningitis group had been in hospital at least once.
Parents reported that 1259/1391 children in the meningitis group had been admitted to
hospital following the acute admission for meningitis on 1403 occasions, while
417/1183 children in the non-meningitis group had had 703 admissions. Excluding the
initial admission for the acute meningitis, for the children in the meningitis group the
mean number of hospital admissions by age five years was 1.0, and for non
meningitis children 0.6. One hundred and seventy eight children in the meningitis
group

(13%) and 32 (2.7%) in the non-meningitis group had in excess of three

admissions by the age of five years.
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Table 6.21 shows the reasons for hospitalisation, provided by 1259 parents of
meningitis children (excluding the original admission for meningitis) and 417 of the
non-meningitis group. Among the meningitis group the most common reason for
admission was for ENT investigations or surgery while for the non-meningitis group it
was for asthma.

In this table, ENT investigations and surgery includes insertion of grommets, removal
of tonsils and adenoids; infections includes pneumonia, pertussis, croup, herpes,
malaria; hydrocephalus includes admission for a blocked shunt or for reinsertion of a
shunt. Some children had repeated hospitalisations for the same condition. These
include children with hydrocephalus admitted for shunt insertion, and then repeated
admissions for new shunts or for blocked shunts. A child with bilateral through knee
amputation of the legs, made repeated visits for stump infections and skin grafts. For
selected conditions the number of children involved is also shown in the table.
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Table 6.21

Reasons for hospitalisation among 1259 meningitis and 417 non
meningitis children (excluding original admission for meningitis)

Reasons for hospitalisations

Number of admissions (number of children)

meningitis/suspected meningitis
ENT surgery/investigations
Infections
convulsions/fits
asthma
chest/lung
gastro-intestinal conditions
accidents/injuries
hydrocephalus
urogenital investigations/surgery
miscellaneous surgery
ophthalmic surgery/investigations
orthopaedic surgery
pyrexia
plastic surgery/amputations/grafts
miscellaneous investigations
cardiac problems/surgery
neurological investigations
cerebral palsy
other
Total hospital admissions

meningitis
(n=1259)
15(15)
212(131)
182(108)
138 (73)
100
81
98
94
89 (40)
79
47
37
33
18
16
15
7
4
3
135
1403

non-meningitis
(n=417)
3(3)
93
73
38 (30)
95
35
67
74
3(1)
52
35
11
18
8
3
10
0
3
1
81
703

Conditions included in the ‘other’ category include histocytosis X; coeliac disease;
poor weight gain; phenylketonuria .

Fifteen children in the meningitis group had been admitted a second time either for
meningitis (2) or suspected meningitis (13). Three children in the non-meningitis
group had also suffered meningitis; two of these children had had viral meningitis
over the age of one year and one child, who had suffered neonatal meningitis, would
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not have been eligible to be included in the study since his/her date of birth was
outside the study dates.

6.5.11 Parents’ concerns
Parents of 210 children in the meningitis group and 94 in the non-meningitis group
expressed concerns about their child’s health, development or behaviour. For parents
of children who had meningitis, these related to the effects of meningitis or of specific
conditions such as hearing loss on their child’s development (n=13); about their
progress with learning (n=40). Frequent minor infections were cited as a concern for
40 parents of the meningitis group and 13 of the non-meningitis group.

A mother whose child also had leukaemia was anxious that this may have been caused
by meningitis. Other concerns expressed among the parents of the meningitis group
included: having meningitis might affect future fertility (1); anxiety when the child
became ill in case it was another attack of meningitis (2); the meaning of an ‘unusual’
CAT scan at the time of the meningitis which had never been fully explained to the
parents (1); frequent falls (2). The parent of a child with hydrocephalus who had
repeated hospital admissions, expressed concern that new problems kept arising and
they all seemed to stem from the meningitis.

Concerns among the parents of the non-meningitis group included slow progress with
learning (10); the effects of neonatal fits (1); the implications of thalassaemia trait (1).
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6.5.12 Schooling
Parents reported 129/1068 (12%) children in the meningitis group to be attending a
school for children with special educational needs or to be receiving extra help at a
mainstream school. A further 8 children were awaiting assessment for special
educational needs. For the non-meningitis group,

parents reported 36/1142 (3%)

children to be receiving special education or help at mainstream school with one child
awaiting assessment. Details of type of schooling are given in table 6.22. Special
schools included schools for the visually and hearing impaired, and for children with
severe learning difficulties. Special units in mainstream schools included units for
hearing impaired children and language units

Table 6.22

Parents reports of type of schooling for children in the meningitis
and non-meningitis groups (n %)

Type of schooling
mainstream school
extra help in mainstream school
special school
special unit in mainstream school
home tuition
conductive education
receiving extra provision-type not specified
Total
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meningitis
(n %)
932 (87)
52 (5)
42 (4)
15 (1)
1 (0.1)
1 (0.1)
25 (2)
1068

non-meningitis
n (%)
1105 (97)
23 (2)
5 (0.4)
1 (0.1)

8 (0.7)
1142

6.6 Combined information from GPs and/or parents
Combining the information from GPs and parents resulted in an overall higher followup rate than would have otherwise been achieved and provided a more complete
picture of the health and development of the children. For example, information for
1540 children in the meningitis group was collected from GPs and for a further 44
children from parents only. This was because the GP had either not replied (2) or had
returned an incomplete form (42). For 169 children the GP was the only respondent.
Information was gathered from one or both sources for 1584 (97%) meningitis
children who were successfully traced and for 92% of survivors.

The data from parents enhanced that gathered from GPs. Whereas GPs were more
likely to provide details of a diagnosis, parents described their children’s abilities
and disabilities in great detail. Information from parents described how specific
conditions affected their child’s everyday life, and was important in assessing the
severity of disability.

Based on information from both sources,

the prevalence of problems and relative

risks in each of the health and development domains were calculated. The prevalence
of specific conditions within each domain was calculated for both groups and for
children with bacterial meningitis {Haemophilus influenzae, Neisseria meningitidis,
Streptococcus pneumoniae).

186

6.6.1 Health and development problems
For the domains that encompassed more severe problems, such as neuro-motor
deficits, the reported prevalence based on combined parental and GP reports differed
little from that based on GP reports alone (GPs 7.8%, GPs and/or parents 8.1%). In
contrast the prevalence of hearing and ENT problems, and of visual or ocular
problems reported form the two sources differed considerably (hearing: GPs 19.2%,
GPs and/or parents 25.8%. visual/ocular: GPs 9.6%, GPs and/or parents 13.7%). The
prevalence of behavioural problems was also increased from 7.3% based on GPs
reports alone, to 11.9% based on the combined information.
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Agreement between parental and GP reports
To formally measure the agreement between GPs and parents in the reporting of
outcomes,

a comparison was made using the kappa-statistic measure of agreement

(Cohen, 1960) of

reports in three

domains: behaviour, severe neuro-motor

conditions, and hearing problems. This latter domain was sub-divided into any ENT/
hearing problem, and sensori-neural hearing loss (tables 6.23-6.26).

Table 6.23

Comparison of reports of behavioural problems by GPs and parents

Behaviour problem

Behaviour problem reported by GPs

reported by parents

Yes
No
k=0.201, se 0.046,

Yes

No

61
31

119
182

95% Cl 0.29-0.11, slight agreement

Table 6.24 Comparison of reports of hearing/ENT problems
by GPs and parents

Hearing/ENT problem
reported by parents

Hearing/ENT problem reported
by GPs

Yes
No

Yes

No

167
69
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k=0.046, se=0.046, 95% 0=0.55-0.73, moderate agreement
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Table 6.25 Comparison of reports of SNHL by GPs and parents

SNHL reported by GPs

Report of SNHL
by parents

SNHL

Middle ear
disease

27
1

8
42

SNHL
Middle ear disease

k= 0.7624,

se=0.111,

95% Cl 0.54-0.98, substantial agreement

Table 6.26 Comparison of reports of severe motor problems by GPs and parents

Severe motor problem
reported by parents
(unable to walk)

Severe motor problem reported
by GPs
Yes

No
{mild/moderate/
no problem)

Yes

26
31

No

3
323

k=0.5317, se 0.047, 95% CI=0.06-0.44, moderate agreement

The measure of agreement varied for the four comparisons from almost perfect for
reports of sensori-neural hearing loss to slight agreement for reports of behavioural
problems. There was only moderate agreement for severe neuro-motor problems, but
the comparison was made on the basis of responses to two quite different questions.
There was also only moderate agreement for comparison of reports of any
ENT/hearing problems. These results would suggest that agreement between GPs and
parents was greater for reports of specific conditions such as sensor-neural hearing
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loss and less good for those that involved more subtle conditions such as behavioural
problems.

The prevalence of problems reported in each of the health and development domains
based on the combined data sources is shown in table 6.27.
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Table 6.27 Health and developmental problems reported by GPs and parents at
5 years for 1584 children in meningitis and 1391 children in
non-meningitis group. (Number, (%), R R , 95% Cl, p-value)

Hearing/ENT problems
Learning problems
Motor problems
Ocular/visual problems
Seizure disorders
Speech/language problems
Behavioural problems
No problem reported

Meningitis
(n=1584)
408 (25.8)
118(7.5)
128 (8.1)
217(13.7)
116(7.3)
247 (15.6)
188(11.9)
743 (46.9)

Non-meningitis
(n=1391)
190(13.7)
16(1.1)
13 (0.9)
55 (3.9)
37 (2.7)
64 (4.5)
46 (3.3)
931 (66.9)

RR

95% Cl

p-value

1.9
7.0
8.6
3.4
2.7
3.5
3.6

1.6-2.2
4.1-11.8
4.9-15-2
2.6-4.6
1.9-3.9
2.8-4.6
2.6-4.9

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

6.6.2 Hearing and ENT problems
Based on the combined data sources 408 (25.8%) meningitis children and 190
(13.7%) non-meningitis children were reported to have hearing or ENT problems (RR
1.9, 95% Cl 1.6-2.2). Specific details of the nature of the problem were available for
372/408 children in the meningitis group and 117/190 children in the non-meningitis
group (table 6.28).

Children in the meningitis group were at increased risk of having sensori-neural
hearing loss with 90 (5.6%) children affected. Three children (0.2%) in the non
meningitis group were reported to have a mixed loss. The relative risk of any degree
of sensori-neural hearing loss was 22.8 (95% Cl 7.22-72.05). For 29 (1.8%) of the
children in the meningitis group, this was reported to be a severe or profound bilateral
sensorineural loss. Conductive loss and other middle ear problems were reported
among children in both groups (272; 17% meningitis; 100, 7% non-meningitis) but
were significantly more likely among the meningitis group (x 2 67.22, p=<0.001).
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Middle ear problems included recurrent otitis media, otitis media with effusions and
glue ear.
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Table 6. 28 Hearing and ENT problems reported by GPs and/or parents for
408 children in the meningitis and 190 in the non-meningitis
groups at five years, (number, % of total)

Hearing /ENT problem

Meningitis
n (%)

bilateral sensorineural loss
profound
severe
moderate
mild
degree unspecified
mixed
unilateral sensorineural loss
profound
severe
moderate
mild
degree unspecified
mixed
hereditary
sensorineural loss site unspecified
profound
moderate
mild
degree unspecified
mixed
Total sensorineural loss
conductive loss
bilateral
unilateral
site unspecified

23(1.4
6 (0.4)
2(0.1)
2(0.1)
15(1.0)
14(1.0)

2(0.1)
2(0.1)
1 (0.1)
4(0.3)
4(0.3)
90 (5.6%)

3 (0.2%)

59 (3.7)
7 (0.4)
18(1.1)

37 (2.6)
4(0.3)
7(0.5)

188 (5)
8 (0.5)
6
29
3
408 (25.8%)
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3 (0.2)

3 (0.2)
3 (0.2)
0
1 (0.1)
6 (0.4)
1 (0.1)
1 (0.1)

84 (5.2%)

Total conductive loss
middle ear problems
suspected loss
type of loss unknown
teacher/parent concerned
problem not specified
Total hearing/ENT problems

Non-meningitis
n (%)

48 (3.6%)
52
1
1
12
73
190

(3.9)
(0.1)
(0.1)

(13.7%)

The prevalence of sensori-neural hearing loss for children following bacterial
meningitis was 7.0%. Children who had pneumococcal meningitis were more likely
to be reported to have a sensori-neural loss (16%) than children who had either
haemophilus (4.6%) (x 2 =20, p= <0.001) or meningococcal meningitis (6.5%) (x 2
=12, p= <0.001). Not only were children in the pneumococcal group at higher risk of
having a sensori-neural loss, but of the 23 children affected, 12 (52%) had a severe
or profound bilateral loss (table 6.29). This highlights the importance of investigating
the sequelae of meningitis within different organism groups.
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Table 6.29

Hearing and ENT problems reported by GPs and/or parents
for children who had bacterial meningitis (number).

Hearing/ENT problems

N. men
(n=402)

bilateral sensorineural loss
profound
severe
moderate
mild
degree unspecified
mixed
unilateral sensorineural loss
profound
severe
moderate
mild
degree unspecified
mixed
sensorineural loss site unspecified
moderate
mild
degree unspecified
mixed
Total sensorineural loss
conductive loss
bilateral
unilateral
site unspecified
Total conductive loss
Teacher/parent concerned
middle ear problems
suspected loss
Total
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H.flu
(n=413)

S.pneu
(n=142)

5
3
0
1
4
5

5
0
1
0
3
1

9
3
0
0
1
2

1
2
0
1
0
1

2
0
0
0
2
0

1
0
0
0
4
0

1
0
2
2
19(4.6%)

0
1
1
1
23(16%)

0
0
1
2
26 (6.5%)
11
1
2
14(3.6%)
12
20
2
74

14
1
9
24 (6%)
3
30
76

8
0
2
10 (7.2%)
4
11
48

6.6.3 Speech and language problems
Speech and language problems were reported for 247 (15.6%) children in the
meningitis group and 64 (4.5%) in the non-meningitis group (RR 3.5, 95% Cl 2.84.6). Among children in the meningitis group there was a clear association between
speech and language problems and hearing and intellectual impairment. Of the 247
children with speech and language problems, 100 (40%) also had learning problems,
52 (21%) had learning and hearing problems, and a further 65 children (26%) had an
isolated hearing problem.

In only 22% of children with speech and language

disorders was this not associated with other conditions.

Of the 55 children with severe communication problems or no speech, 43 (78%) were
known to have learning disabilities, for 15 of these children the disability was
described as severe. Thirty of these children were reported to have a hearing loss and
for in 15 cases this was a moderate, severe or profound loss.

Table 6.30 Speech and language problems reported by GPs and/or
parents for 247 children in the meningitis and 64 in the
non-meningitis groups at five years
(number and % total in both groups)

Speech and language problem
no speech/ severe communication
problem
speech and/or language delay
other speech/language problems
problem not specified
Total speech /language problems
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meningitis
n (%)
55 (3.5)
149 (9.4)
16(1.0)
27
247 (15.6)

non-meningitis
n (%)
0
53 (3.8)
2(0.1)
9
64 (4.6%)

Overall, the prevalence of speech and language problems among children with
bacterial meningitis was 12.8%. It was not surprising in view of the high rates of
sensori-neural deafness, that children in the pneumococcal group should also have the
highest rate of speech and language problems with 27 (19%) children affected. In the
haemophilus group 67 children were affected (16%) and 29 (7%) in the
meningococcal group.

6.6.4 Visual and O cular problems
Among the meningitis group 217 children (13.7%) were reported to have visual or
ocular problems with 55 (3.9%) children in the non-meningitis group (RR 3.5, 95% Cl
2.6-4.6). The most common condition reported among both groups was squint (116,
7.3% meningitis; 31, 2.2% non-meningitis). The prevalence of squint was higher
among children who had learning problems than those without; 26% of children with
a learning problem were reported to have a squint compared with 5.6% of children
without learning problems (%2 =69.4, p=<0.001).

Information was provided about the nature of the disorder for 201/215 (93%) children
in the meningitis and 51/55 (92%) in the non-meningitis groups (table 6.31). The total
for each group is greater than the number of children reported to have a problem since
some children had more then one visual problem (20 meningitis; 8 non-meningitis).

Disorders included in the poor vision category included hemianopia (meningitis=2);
blind

(meningitis=6);

(meningitis=3).

decreased

Refractive

visual

errors

acuity, no

included
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pupil

reaction

hypermetropia

high

to

light

myopia,

anisometropia. Oculomotor disorders included muscle palsy (meningitis=l); visual
motor problems (meningitis=l).

Table 6.31

Ocular/visual disorders reported by GPs and/or parents for 201
meningitis and 51 non-meningitis children at five years
(number, % total)

Ocular/Visual problems
squint/ suspected squint
poor vision/limited visual field
refractive errors
oculomotor disorders
optic atropy
nystagmus
cataracts
retinopathy of prematurity
congenital retrolental mass
micropthalmos
corneal ulceration
diplopia
problem unspecified
Total ocular/visual problems

Meningitis
n (%)
116(7.3)
60(3.8)
29(1.8)
2(0.1)
1 (0.1)
4(0.3)
3 (0.2)
1 (0.1)
1 (0.1)
2(0.1)

Non-meningitis
n (%)
32(2.3)
6(0.4)
13(1.0)
1 (0.1)

1 (0.1)
1 (0.1)
15
235

6
59

The prevalence of visual/ocular disorders among children who had had bacterial
meningitis was 6%, with little difference between the three organisms. Five percent of
children in both the haemophilus and pneumococcal groups were affected, with 6%
in the meningococcal group.

6.6.5 Learning problems
Of children who had meningitis 118 (7.5%) were reported to be affected by learning
problems with 15 (1.1%) in the non-meningitis group (RR 7.0, 95% Cl 4.1-11.8). Ten
of the children in the meningitis group had been reported at the time of the original
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meningitis incidence study to have congenital abnormalities: 3 had central nervous
system abnormalities, 3 had Down syndrome, 3 developmental delay and one child
had hydrocephalus.

At follow-up, sixteen children (1%) were described as having severe learning
disabilities, and 50 (3%) to have learning problems, in these cases the severity of the
learning problem was not specified. A further 6 children were specifically described
as having poor concentration.

Overall, 4% of children with bacterial meningitis were reported to have learning
problems, with a higher prevalence among children in the pneumococcal group (9%).
In the haemophilus group 5% were affected and 2% in the meningococcal group.

6.6.6 Motor problems
On the basis o f the combined data sources, 128 children (8.1%) in the meningitis
group and 13 (0.9%) in the non-meningitis group were reported to have motor
problems (RR 8.6, 95% Cl 4.9-15.2). Details of the nature of the problem were given
for 110/128 (86%) meningitis children and 9/13 (70%) non-meningitis children (table
6.32). Four children in the meningitis group had more than one condition.

The information provided by parents proved useful in combination with that provided
by GPs, particularly where the GP information was not adequate to determine the
nature of the problem. For example, a child reported by the GP to have an unspecified
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motor problem was reported by the parents to be unable to walk, run or climb stairs,
and was thus categorised as having cerebral palsy.

Table 6.32

M otor problems reported by GPs and/or parents for
110 meningitis and 9 non-meningitis children at five
years, (num ber % total in both groups).

M otor problem
cerebral palsy
spastic quadriplegia
spastic hemiplegia
spastic diplegia
spastic paraplegia
monoplegia
cerebral palsy predates
meningitis
hemiparesis
double hemiparesis
ataxia
Sub-total cerebral palsy
severe problems
no voluntary movements
primitive reflexes only
multiple congenital
malformations
bilateral through knee
amputations
Sub-total other severe motor
problems
gross motor delay
abnormal gait/poor
balance/clumsy
hypotonic
slight weakness
manipulation problems
poor fine coordination
Sub-total moderate/mild
motor problems
Total m otor problems

meningitis
n (%)
24
10
13
8
1
1
2
15
1
6
81 (5.1%)
1
1
1
1

non-meningitis
n (%)
1
1

2 (0.1%)

1
27 (1.7%)
12
8

1
6

1
1
1
5
28 (1.8%)

7 (0.5%)

114
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Children with sensori-neural hearing loss were more likely to have motor problems
than children without: 22% of children with sensori-neural loss were also reported to
have a motor problem compared with 7% of children with no sensori-neural loss (x2
26.3, p=<0.001).

Overall, the prevalence of motor problems among children with bacterial meningitis
was 4%. The prevalence of cerebral palsy among children who had haemophilus
meningitis was 2%, for pneumococcal meningitis 1.4% were affected and in the
meningococcal group, 0.3%.

6.6.7 Behavioural problems
Behavioural problems were reported for 188 (11.9%) children in the meningitis group
and 46 (3.3%) in the non-meningitis group (RR 3.6, 95% Cl 2.6-4.9). In combining
the parents and GPs’ data only those reports of behavioural problems judged to be of
significance were included. This is because many reports made by parents in
particular,

were considered to describe ‘normal five year old behaviour’. This

included difficulties or fussiness over eating, waking early, ‘naughtiness’.

Details of the nature of the problem were given for 156/188 (83%) children in the
meningitis group and 38/46 (82.6%) in the non-meningitis group. Many problems
were described; among the meningitis children the most common were: temper
tantrums 61 (3.9%), with 44 (2.8%) described as having severe tantrums;
hyperactivity 17 (1.1%); 42 (2.6%) children were reported to have poor concentration
or to be slow at school. Other problems included aggression 7 (0.4%). Among the
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non-meningitis children the most common behavioural problems were: hyperactivity
10 (0.7%); poor concentration or slow at school 7 (0.5%), and temper tantrums 7
(0.5%), in 4 cases these were severe (0.3%).

Overall, 8% (11) of children who had pneumococcal meningitis were reported by
GPs and/or parents to have behavioural problems with 26 (6%) in the haemophilus
group and 17 (4%) in the meningococcal group.

6.6.8 Seizure disorders
Based on the combined data, 116 (7.3%) children in the meningitis group and 37
(2.7%) in the non-meningitis group were reported to have seizure disorders (RR 2.7,
95% Cl 1.9-3.9). Among meningitis children 55 (3.5%) were reported to have
epilepsy and 2% to have suffered febrile convulsions. Among the non-meningitis
group, 5 children (0.3%) were reported to have epilepsy and 26 (1.8%) febrile
convulsions. Among children who had bacterial meningitis,

the prevalence of

epilepsy was reported to be 5% for the pneumocccal group, 1.5% for the haemophilus
group and 1% in the meningococcal group.

6.6.9 Hydrocephalus
Based on information from GPs and/or parents, 43 (2.7%) children in the meningitis
group and 1 child (0,07%) in the non-meningitis group were reported to have
hydrocephalus. O f these 43 children, 11 were known to have the condition prior to
their attack of meningitis.
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6.7 Summary of results
• The collection of information from both parents and GPs provided a rich source of
data on the health and development of a cohort of children who had meningitis in
infancy and a comparison group of a similar age.

• Reports from GPs and parents did not differ significantly with respect to reporting
severe adverse outcomes, but there was less agreement over the reporting of ‘softer’
less easily defined outcomes. Information provided by parents was more detailed
and concerned with their child’s abilities and it enabled an assessment of the
severity of disability to be made.

• Meningitis in infancy leads to significant disabilities. These include neuro-motor,
disorders, hearing and vision impairment, seizure disorders, and abilities with
learning.

203

6.8 Severity of disability
The preceding section described the prevalence of various conditions among the
meningitis and non-meningitis groups, and the relative risks of these for children who
had experienced meningitis. However, it provided little insight into the degree of
disability experienced by these children; an important finding was that many of the
children had multiple disabilities, but this is not reflected powerfully in the results
presented thus far.

Parents whose child has meningitis require information and

counselling about the degree of disability their child is likely to face.

It is also important for clinicians to be able to predict which children with meningitis
are at risk of a poor outcome. This can assist them in identifying children whose
presenting features or whose clinical course are suggestive of a poor outcome so that
they can be given extra, novel or intensive therapies which may be beneficial.

On the basis of the information about health and development collected from the GPs
and/or parents as well as information about the nature of the child’s schooling, an
assessment of the severity of disability was made. The method for assessing the
severity of disability and the definitions used were described in the methods section.

Table 6.33 shows the proportion of children in both the meningitis and non-meningitis
groups in each of the categories. Overall, nearly 16% of children in the meningitis
group and 1.5% of children in the non-meningitis group had severe or moderate
disabilities at five years.
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Table 6.33 Category of disability for children in the
meningitis and non-meningitis groups (num ber %)

Category of disability
Severe
Moderate
Mild
No problem/other
Total

Meningitis
92 (5.8%)
155 (9.8%)
461 (29.1%)
876 (55.3%)
1584

Controls
1 (0.1%)
20 (1.4%)
275 (19.8%)
1095 (78.7%)
1391

Table 6.34 shows the proportion of children in each category of disability according to
causative organism. Among children who had suffered bacterial meningitis, over a
quarter of children in the pneumococcal group were severely or moderately affected,
with 11% in the haemophilus group and nearly 10% in the meningococcal group.
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Table 6.34 Category of disability according to causative organism (n %)
Organism

Severe

Moderate

Mild

Total

134 (32.5)

No
problem/
Other
235 (57.0)

H.influenzae

14 (3.4)

30 (7.3)

N. m en ingitidis

12 (3.0)

26 (6.5)

120 (30.0)

244 (60.7)

402

S.pneumoniae

14 (10.0)

20(12.0)

37 (26.0

72 (50.3)

143

E.coli

4 (5.7)

13 (18.6),

18 (25.7)

35(50.0)

70

Group B streptococcus

13(13.3)

17(17.3)

18(18.4)

50 (51.0)

98

other bacteria

14 (22.9)

18(13.0)

12 (19.6)

17 (27.8)

61

viruses

4 (8.0)

2 (4.0)

15 (30.0)

29 (58.0)

50

other micro organisms

2 (8.6)

8 (34.8)

4(17.4)

9(39.1)

23

no organism grown/
specimen not collected
Not known

15

21

100

184

320

0

0

3

1

4

92

155

461

876

1584

TOTAL

206

413

6.9 Factors associated with adverse outcome at five years
To determine factors associated with poor outcome at five years, children with severe
or moderate disabilities were compared with those who had only mild problems or
were reported to be healthy. The relationship between socio-economic status (SES)
and outcome was analysed separately first. This differed from the other demographic
characteristics and clinical measurements under investigation, as information on SES
was gathered at the time of follow-up, rather than at the time of the acute episode of
meningitis.

Socio-economic status and outcome
The relationship between SES and outcome in both groups of children at five years
was explored by determining the proportion of children in each social class stratum
with a poor outcome.

Because of the difficulty of assigning socio-economic status to non-working lone
mothers, to students and to those for whom occupation was not known, outcome
among these groups was compared and found not to differ significantly for either the
meningitis or non-meningitis groups (meningitis %2 =0.90, p= 0.34; non-meningitis %2
1.41, p=0.35). Since there was no difference in outcome the groups were combined
and then compared with outcome in SES I and II the ‘baseline’ group. This too did
not differ for either the meningitis or non-meningitis groups (meningitis %2 0.87,
p=0.35; non-meningitis %2 1.41, p=0.23). On this basis, these groups were excluded
from the main analyses of SES and outcome and results for these ‘unclassified’ groups
are reported separately.
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There was a trend towards poorer outcome and increasing social disadvantage in both
groups, but this was only statistically significant in the non-meningitis group (tables
6.35 and 6.37).

Table 6.35

Odds of poor outcome at five years stratified by socio
economic status: meningitis group

Father’s socio-economic
status
I&II professional and
managerial
n=360
III non-manual
n=87
III manual
n=419
n=86
4&5
y l

Outcome at five years
poor outcome

mild/no
health problems

OR

n (%)
40(11)

n (%)
320 (89)

1.00

11(13)
67 (16)
27(15)

76 (87)
352 (84)
159 (85)

1.16
1.52
1.36

test for linear trend _ 2

p= 0 08

Table 6.36 Outcome among children for whom parental occupation
unclassified: meningitis group
Outcome at five years

Father’s socio-economic status

poor outcome

non-working lone mothers
not known/student

n= 19 8
n=106

mild/no
health problems

n (%)
24(12)
17(15)

n (%)
174(88)
89(85)

Table 6.37 Odds of poor outcome at five years stratified by socio
economic status: non-meningitis group
Father’s socio-economic
status
I&II professional and
managerial
III non-manual
III manual
4&5

Outcome at five years
poor outcome

mild/no
health problems

OR

n (%)
2 (0.5)

n (%)
373 (99)

1.00

0
8(2)
4(3)

82 (100)
350 (98)
127 (97)

0.00
4.25
5.81

^ 2 test for l,neartrend= 6 1 8 j
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p = Q Q1

Table 6.38 Outcome among children for whom socio-economic status
unclassified: non-meningitis group
Father’s socio-economic status

Outcome at five years
poor outcome

non-working lone mothers
not known/student

n=198
n= 106

n (%)
24(12)
17(15)

mild/no
health problems

n (%)
174(88)
89(85)

The relative risk of a poor outcome in each socio-economic group was also calculated
(table 6.39). There was an increased risk of a poor outcome in each social group
stratum, with a decreasing magnitude of risk with increasing social disadvantage.
This would suggest an increased risk of poor outcome for more socially deprived
children in the non-meningitis group.

Table 6.39

Relative risk of poor outcome stratified by socio-economic
status

Father’s socio-economic
status
I&II professional and
managerial
III non-manual
III manual
4&5

Table 6.40

meningitis non-meningitis RR
poor outcome
n

95% Cl

p-value

poor outcome
n

40/360

2/375

20.8

11/87
67/352
27/159

0/82
8/358
4/127

7.16
4.74

5.07-85.57

<0.001

RR can not be calculated
3.48-14.69 <0.001
1.70-13.26
0.007

Relative risk of poor outcome in children for whom socio-economic
status unclassified

lone mother
not known/student

24/174
17/89

1/123
2/ 74
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15.03 2.06-109.71 <0.001
6.09 1.45-25.60
0.003

To explore the relationship between poorer socio-economic status and poorer outcome
further,

the gestational age of the meningitis and non-meningitis groups were

analysed according to socio-economic status to determine whether the difference in
outcome could be explained by differences in birthweight or gestational age (tables
6.41 and 6.42).

Table 6.41 Birthweight of children in meningitis and non-meningitis groups
stratified by socio-economic status

Father’s socio
economic status
I&II professional
and managerial
III non-manual
III manual
4&5

Birthweight
VLBW
LBW
NBW
meningitis
non
meningitis
non
meningitis
non
meningitis
meningitis
meningitis
28 (11.3)
12 (3.3)
2(0.5)
9 (2.4)
318 (85.6)
362 (97.1) .
4 (4.8)
25 (6.1)
6 (3.3)

1 (1.2)
6(1.7)
0(0)

14(11.5)
53 (12.9)
11.6(13)

6(7.5)
11(3.1)
4(3.1)

66 (80.5)
334 (78.8)
162 (84.5)

73(91.2)
337(95.2) :
125( 97.0)

Table 6.42 Gestational age of children in meningitis and non-meningitis groups
stratified by socio-economic status

Father’s socio
economic status
I&II professional
and managerial
III non-manual
III manual
4&5

Gestational age
Less than 32 weeks
32-37 weeks
non
meningitis
non
meningitis
meningitis
meningitis
2(0.5)
40(11.3)
24 (6.6)
11(3.1)
7 (8.1)
34 (8.3)
7 (3.9)

2(2.5)
7 (2.0)
1 (0.1)

10(11.5)
53 (12.9)
21 (11.6)

6(7.6)
18(5.1)
11(8.4)

i

over 37 weeks
meningitis
nonmeningitis I
304 (85.6)
338 (92.9) ;
I
70 (80.5)
323 (78.8)
153(84.5)

In both analyses there was a suggestion of a higher prevalence of low birthweight and
prematurity among lower social classes. However, numbers of children in the lower
birthweight and gestational age groups were very small and did not support further
detailed analysis.
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71 (89.9) |
325 (92.9) i
119(90.8)

Other demographic characteristics and clinical details
Analyses of the relationship between other potential risk factors and outcome was
carried out. The factors included were based on the findings of published studies, in
which predictors of poor outcome had been investigated (Berlow et al, 1980; Dodge et
al, 1984; Feldman et a/1982; Grimwood et al, 1996; Herson and Todd, 1977;
Kaareson and Flaegstad, 1995; Lebel and McCracken, 1989; Lindberg et al, 1977;
Nadol, 1978). These included age at meningitis, clinical state on admission such as
presence of coma, convulsions, rash and temperature; CSF glucose level and white
cell count as determined by the pre-treatment lumbar puncture; complications during
the acute attack

(hydrocephalus, convulsions, ventriculitis and/or relapse). In

addition, sex, gestational age, birthweight were included as well as SES which was
dichotomised into non-manual and manual groups. The effect of early antibiotics by
the GP and receipt of cephalosporins. Since aminoglycosides are known to be
ototoxic, the prevalence of sensori-neural hearing loss was compared between the
children who were and were not treated with this group of drugs.

Children who had died in the interval between completion of the Karim Study and the
five year follow-up, and who had conditions that were suggestive of the sequelae of
meningitis were also included in these analyses. Since it is difficult to determine the
degree of damage attributable to meningitis in children with pre-existing conditions
such as cerebral palsy, hydrocephalus or significant congenital anomalies such as
Down syndrome, children known to have these conditions were excluded from the
analysis of risk factors for poor outcome.
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This analysis was conducted for all the children in the cohort (table 6.43), for children
who had bacterial meningitis {Haemophilus influenzae, Neisseria meningitidis or
Streptococcus pneumoniae) (table 6.44) and separately for children affected by each
of these organisms Haemophilus influenzae (table 6.45), Neisseria meningitidis (table
6.46), Streptococcus pneumoniae (table 6.47).
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Table 6.43

Sum m ary of univariate analysis of demographic and clinical
details for children with poor outcome. Meningitis cohort.

Demographic &
clinical details

Total
n

poor outcome

OR

95% Cl

p-value

(severe/moderate
disability)

number (%)
sex
male
female
socio-economic status
social class 1,2&III nm
social class Illnm, 4&5
gestational age
37 weeks and over
32-36 weeks
under 32 weeks
birthweight
over 2500 gms
1500-2500 gms
under 1500 gms
age at meningitis
post-neonate 6-12 months
post-neonate 1-6 months
neonate
antibiotics by GP
yes
no
coma on admission
no
yes
convulsions on admission
no
yes
temperature on admission
38 °C or higher
lower than 38 °C
rash on admission
no
yes

909
660

135 (14.9)
104(15.8)

1.07

0.80-1.43

0.62

433
585

42 (9.7)
84 (14.4)

1.00
0.64

0.42-0.97

0.03

1256
170
75

146(11.6)
39 (22.9)
32 (42.7)

1.00
2.26
5.66

1.49-3.43
3.37-9.48

<0.001
<0.001

1278
176
63

153 (12.0)
38(21.6)
24 (47.6)

1.00
2.02
6.68

1.33-3.06 <0.001
3.84-11.63 <0.001

591
690
284

64(10.8)
94(13.6)
80 (28.2)

1.00
1.30
3.23

0.91-1.85
2.20-4.74

0.13
<0.001

352
1042

52 (14.8)
151 (14.5)

1.00
0.98

0.69-1.40

0.89

1258
137

169(13.4)
36 (26.3)

1.00
2.30

1.49-3.54

<0.001

1143
259

148 (13.0)
59 (22.8)

1.00
1.98

1.39-2.82

<0.001

811
497

92 (11.3)
90(18.1)

1.00
1.73

1.25-2.40

<0.001

1.00
0.41

0.23-0.73

0.001

1198
208

191 (16)
15(7)

Contd./
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Table 6. 43 contd.
Demographic &
clinical details

OR

95% CI

35 (9.0)
66(18.1)

1.00
2.25

1.42-3.57

1007
217

145 (14.4)
36 (16.6)

1.00
1.62

0.86-3.04

0.11

280
1127

65 (23.2)
144 (12.8)

1.00
0.48

0.34-0.68

< 0.001

1117
265

109 (9.8)
93 (35.1)

1.00
5.00

3.58-6.98

< 0.001

Total
n

poor outcome

p-value

(severe/moderate
disability)

number (%)
CSF glucose level
more than 20 mmol/L
less than 20 mmol/L
CSF white cell count
>100xl06/l
<100xl06/l
treatment with
cephalosporins
yes
no
complications
no
yes

391
364

214

< 0.001

Table 6.44

Summary of univariate analysis of factors and poor outcome at
five years: children with bacterial meningitis
(H. influenzae, N.meningilidis or S. pneumoniae)

Demographic &
Clinical details

Total
n

poor outcome

OR

95% Cl

p-value

(severe/moderate
disability)
number (%)

sex
male
female
socio-economic status
1,2 & Illnm
Illnm, 4&5
gestational age
37 weeks and over
32-36 weeks
less than 32 weeks
birthweight
over 2500 gms
1500-2500 gms
less than 1500 gms
age at meningitis
post-neonate 6-12 months
post-neonate 1-6 months
neonate
antibiotics by GP
yes
no
coma on admission
no
yes
convulsions on admission
no
yes
temperature on admission
higher than 38 °C
38 °C or lower

554
394

67 (12.1)
42 (10.7)

1.00
0.87

0.56-1.33

0.50

233
374

14 (6.0)
41 (12.3)

1.00
1.93 0.99-3.80

0.40

804
82
19

82(10.2)
12 (14.6)
7 (36.8)

1.00
1.51 0.74-3.01
0.21
5.14 1.77-14.52 <0.001

822
72
19

87 (10.6)
6 (8.3)
7 (36.8)

1.00
0.77
4.93

0.26-1.84
0.55
1.70-13.9 <0.001

517
403
28

53 (10.3)
45 (11.2)
10(35.7)

1.00
1.10
4.86

0.71-1.71
0.65
1.97-11.84 <0.001

193
642

22 (11.4)
69 (10.7)

1.00
0.94

0.55-1.61

0.79

731
105

76(10.4)
20(19.1)

1.00
2.03

1.14-3.59

0.009

687
150

74 (10.8)
20(13.3)

1.00
1.27

0.72-2.22

0.37

562
232

60(10.7)
28 (12.1)

1.00
1.15

0.69-1.90

0.57

Contd./
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Table 6.44 contd.
Demographic &
Clinical details

Total
n

poor outcome

OR

95% Cl

1.00
0.54

0.26-1.11

0.073

1.00
2.32

1.10-4.99

0.016

p-value

(severe/moderate
disability)

number (%)
rash on admission
no
yes
CSF glucose level
more than 20 mmol/1
less than 20 mmol/1
CSF white cell count
>100xl06/l
<100xl06/l
treatment with
cephalosporins
yes
no
complications
no
yes

698
145
184
280

84(12)
10(7)
11(5.9)
36(12.9)

647
95

75 (11.6)
11 ( 11 .6 )

1.00
1.00

0.48-2.03

0.99

95
754

14(14.7)
82 (10.9)

1.00
0.71

0.37-1.37

0.26

680
142

62 (9.2)
31 (21.8)

1.00
2.78

1.68-4.60 < 0.001
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Table 6.45

Sum m ary of univariate analysis of clinical details and poor
outcome at five years for children with haemophilus meningitis

Demographic &
Clinical details

Total
n

poor outcome

OR

95% Cl

p-value

(severe/moderate
disability)
number (%)

sex
male
female
socio-economic status
1, 2 & Illnm
Him, 4&5
gestational age
37 weeks and over
32-36 weeks
less than 32 weeks
birthweight
over 2500 gms
1500-2500 gms
under 1500 gms
age at meningitis
post-neonate 6-12 months
post-neonate 1-6 months
neonate
antibiotics by GP
yes
no
coma on admission
no
yes
convulsions on admission
no
yes
temperature on admission
higher than 38 °C
38 °C or lower

238
169

16(6.7)
23 (13.6)

1.00
2.19

1.07-4.51

0.02

118
153

3 (2.5)
6 (8.5)

1.00
3.56

0.94-19.86

0.04

360
24
3

27 (7.5)
4(16.7)
3 (37.5)

1.00
2.47
7.40

0.57-8.11
1.08-39.99

0.12
0.02

327
19
7

15 (4.6)
2(10.5)
3 (43.0)

1.00
2.45
15.60

0.25-11.93
2.1-99.2

0.24
0.004

281
119
6

27(9.6)
8 (6.7)
3 (50.0)

1.00
0.68
9.41

0.27-1.62
1.18-72.63

0.35
0.016

117
250

15(12.8)
17(6.8)

1.00
0.50

0.23-1.09

0.056

319
53

26 (8.2)
7 (13.2)

1.00
1.71

0.64-4.46

0.29

313
60

26 (8.3)
6 (10.0)

1.00
1.23

0.39-3.24

0.67

238
118

17(7.1)
12 (10.2)

1.00
1.47

0.63-3.39

0.33

Contd./
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Table 6.45 contd.
Demographic &
Clinical details

Total
n

poor outcome

OR

95% C l

p-value

(severe/moderate
disability)

number (%)
rash on admission
no
yes
CSF glucose level
more than 20 mmol/1
less than 20 mmol/1
CSF white cell count
>100xl06/l
<100xl06/l
treatment with
ceph alosporins
yes
no
complications
no
yes

362
11

31 (8)
1(9)

1.00
1.07

0.02-7.96

1.00

70
131

2 (2.9)
15(11.4)

1.00
4.40

0.97-40.6

<0.05

300
19

27 (9.0)
2(13.3)

1.00
1.19

0.13-5.5

0.69

51
324

27(8.3)
6(11.8)

1.00
0.68

0.26-2.14

0.43

292
65

20 (6.8)
12(18.5)

1.00
3.08

1.32-7.10

0.003
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Table 6.46

Sum m ary of univariate analysis of demographic and clinical
details and poor outcome at five years for children with
meningococcal meningitis

Demographic &
Clinical details

Total
n

poor outcome

OR

95% Cl

p-value

(severe/moderate
disability)

number (%)
sex
male
female
socio-economic status
1,2 &IIInm
Him, 4&5
gestational age
37 weeks and over
32-36 weeks
less than 32 weeks
birthweight
over 2500 gms
1500-2500 gms
less than 1500 gms
age at meningitis
post-neonate 6-12 months
post-neonate 1-6 months
neonate
antibiotics by gp
yes
no
coma on admission
no
yes
convulsions on admission
no
yes

231
169

30(12.9)
7(4.1)

1.00
0.29

0.11-0.70

0.004

69
171

5 (7.2)
18(10.5)

1.00
1.51

0.51-5.41

0.43

325
43
9

28 (8.6)
4 (9.3)
3 (33.3)

1.00
1.09
5.30

305
34
10

27 (8.8)
3 (8.8)
2 (20.0)

1.00
1.00 0.18-3.54
2.57 0.25-13.8

1.00
0.23

180
212
8

17 (9.4)
18 (8.5)
2 (25.0)

1.00
0.89
3.20

0.42-1.88
0.29-19.61

0.74
0.19

54
292

2 (3.7)
28 (9.6)

1.00
2.76

0.66-24.6

0.19

314
30

27 (8.6)
6 (20.0)

1.00
2.66

0.81-7.44

0.053

291
52

29 (9.9)
4(7.7)

1.00
0.75

0.18-2.29

0.61

Contd./
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0.26-3.35
0.81-26.3

0.78
0.04

Table 6.46 contd.
Demographic &
Clinical details

Total
n

poor outcome

OR

95% Cl

p-value

(severe/moderate
disability)
number (%)

rash on admission
no
yes
temperature on admission
higher than 38 °C
38 °C or lower
CSF glucose level
more than 20 mmol/1
less than 20 mmol/1
CSF white cell count
>100xl06/l
<100xl06/l
treatment with
ceph alosporins
yes
no
complications
no
yes

221
127

24(11)
8(6)

1.00
0.55

0.22-1.34

0.15

234
92

12(13.0)
19(8.1)

1.00
1.70

0.74-3.88

0.17

79
110

4(5.1)
11 (10.0)

1.00
2.08

0.59-9.29

0.22

253
53

28 (11.1)
3 (6.0)

1.00
0.48

0.09-1.66

0.24

26
325

2 (7.7)
31 (9.5)

1.00
1.27

0.29-11.6

1.00

302
42

27 (8.9)
6 (14.3)

1.00
1.70

0.54-4.58

0.27
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Table 6.47

Sum m ary of univariate analysis of clinical details and poor
outcome at five years for children with pneumococcal meningitis

Demographic &
Clinical details

Total
n

poor outcome

OR

95% Cl

p-value

(severe/moderate
disability)

number (%)
sex
male
female
socio-economic status
1,2 & Illnm
Him, 4&5
gestational age
37 weeks and over
32-36 weeks
less than 32 weeks
birthweight
over 2500 gms
1500-2500 gms
less than 1500 gms
age at meningitis
post-neonate 6-12 months
post-neonate 1-6 months
neonate
antibiotics by GP
yes
no
coma on admission
no
yes
convulsions on admission
no
yes
temperature on admission
38 °C or higher
below 38 °C

85
56

21 (24.7)
12(21.4)

1.00
0.83

0.34-2.00

0.65

46
50

6 (13.0)
10(20.0)

1.00
1.67

0.49-6.11

0.36

119
15
2

27 (22.6)
4 (26.6)
1 (50.0)

1.00
1.24
3.41

0.27-4.62
0.75
0.004-270.30 0.41

106
10
1

23 (21.7)
1 (26.7)
1 (100.0)

1.00
0.40 0.01-3.18
0.69
cannot be calculated 0.22

56
72
14

9(16.1)
19 (26.4)
5 (35.7)

1.00
1.87
2.90

0.71-4.99
0.61-12.52

0.16
0.13

22
100

5 (22.7)
24 (24.0)

1.00
1.07

0.33-4.12

0.89

98
22

23 (23.5)
7(31.8)

1.00
1.52

0.49-4.63

0.41

83
38

19(23.0)
10 (26.3)

1.00
1.20

0.45-3.17

0.68

90
22

24 (26.7)
4(18.2)

1.00
0.61

0.14-2.13

0.61
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Table 6.47 contd.
Demographic &
Clinical details

OR

p-value

29 (25)
1(14)

1.00
0.49

1.00

35
39

5 (14.3)
10 (25.6)

1.00
2.07

0.29

94
23

20 (21.3)
6 (33.3)

1.00
1.31

0.62

18
105

6 (33.3)
24 (23.0)

1.00
0.59

0.37

86
35

15 (17.4)
13 (31.4)

1.00
2.80

0.02

Total
n

poor outcome
(severe/moderate
disability)

number (%)
rash on admission
no
yes
CSF glucose level
more than 20 mmol/1
less than 20 mmol/1
CSF white cell count
>100xl06/l
<100xl06/l
treatment with
cephalosporins
yes
no
complications
no
yes

115
7
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6.9.1 Summary of factors associated with poor outcome at five years
Sex
For the cohort as a whole, for children who had bacterial meningitis and for children
who had pneumococcal meningitis there was no difference in outcome among boys
and girls. However, for children in the haemophilus group,

the odds of a poor

outcome for girls was twice as high as that for boys. Among the meningococcal group
the association with gender was reversed, with the odds of a poor outcome for boys
more than three times higher that for girls. This was not explained by differences in
the mortality rates associated with the acute episode of meningitis.

Socio-economic status
For the cohort as a whole the odds of a poor outcome were significantly increased for
children whose parents were in the manual socio-economic groups. This association
was also observed for children with haemophilus meningitis but in no other sub
analyses.

Gestational age
In all analyses except that for children with pneumococcal meningitis, there was a
statistically significant association between poor outcome and a gestational age of less
than 32 weeks. In addition, in the analysis of the whole cohort there was an
association between gestational age of 36 weeks or less and a poor outcome. In a
further analyses of those children who had meningitis when they were aged between
6-12 months, it also was found that birth before 32 weeks gestation increased the
odds of a poor outcome, although this did not reach statistical significance (OR 2.69,
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95% Cl 0.26-14.63, p=0.218).

Among the children who had pneumococcal

meningitis there were only 2 children who had been extremely premature, and the
lack of a statistically significant association with poor outcome is likely to be a
reflection of small numbers.

Birthweight
A birthweight of less than 2500 grams was statistically significantly associated with a
poor outcome for the whole cohort. However, only very low birthweight was
associated with poor outcome for children who had bacterial meningitis or who had
haemophilus meningitis. No association was found between birthweight and adverse
outcome for children in the meningococcal and pneumococcal groups.

Age at meningitis
For the whole cohort, children who had bacterial meningitis or who had haemophilus
meningitis, infection in the neonatal period was associated with a poor outcome.
However, few children (28) had bacterial meningitis (H. influenzae, N.meningitidis, S.
pneumoniae) in the neonatal period and the confidence intervals around the odds
ratios are wide.

Clinical details
Antibiotics given by the GP
Overall, for cohort taken as a whole, there was no association between the receipt of
antibiotics by the GP and an improved outcome. However, among the children who
had haemophilus meningitis, those that had received antibiotics from the GP had a
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risk of a poor outcome nearly three times higher than children not treated.

This

difference bordered on statistical significance. Among the meningococcal group, a
smaller proportion of children had poor outcome among the treated group than the
untreated group (3.7% v 8.9%). However, this difference did not reach statistical
significance (OR 2.76, 95% Cl

0.66-24.6,

p=0.19) and the finding should be

interpreted with caution since only 54 children in the meningococcal group received
antibiotics, and data on antibiotic administration were missing for 54 children, 13%
of whom had a poor outcome. No information was available on whether or not
children with meningococcal meningitis also had septicaemia, which could have
influenced the results.

The finding is further limited since this is an observational study, and it is possible
that children in the antibiotic and non-antibiotic groups differed. No information was
available on the route of administration of the antibiotics, which may also be an
important factor.

It seems unlikely that among the haemophilus group, administration of early
antibiotics was the cause of poor outcome, and this observation is likely to be due to
other factors such as the severity of illness.

Coma, convulsions, tem perature and rash on admission
For children in the whole cohort, those who were in a coma, were having convulsions
or had a temperature of 38° or lower on admission, were more likely to have a poor
outcome than children without these features. These differences were highly
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statistically significant. The absence of a rash was statistically significantly associated
with poor outcome. This may be a reflection of the type of meningitis.

CSF glucose and white cell count
A low CSF glucose level (less than 20mmol/l) was found to be associated with poor
outcome for the whole cohort, for children who had bacterial meningitis and for those
in the haemophilus groups. In contrast a low white cell count was not found to be
associated with poor outcome in any of the analyses.

In view of the reported association between a low CSF glucose and sensori-neural
hearing loss (Berlow et al, 1980; Feldman et al, 1982; Lebel et al, 1988; Nadol, 1978;
Vienny et al, 1984), the data were further explored to clarify this issue. For children
with a low CSF glucose (less than 20mmol/l), there was an increased risk of sensori
neural loss reported at five years ( OR 3.83, 95%CI 1.64-9.29; p=<0.001).

Treatment with cephalosporins
As previously described (page 139) children who were treated with cephalosporins
were more likely to have acute complications (hydrocephalus, ventriculitis,
convulsions and/or replapse) than children not treated. This suggests that they were
more severely ill and were given cephalosporins in an effort to improve their disease
course.
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Treatm ent with aminogylcosides
The prevalence of sensori-neural hearing loss was investigated among children who
had or had not received aminoglycosides. There was no significant difference in the
prevalence o f hearing loss in the two groups (3.9% v 5.6%; %2 1.21 p=0.3). However,
information on the receipt of these drugs was not available for 162 children, 12 (7%)
of whom had a sensori-neural hearing loss.

Complications during the acute attack of meningitis
It was not surprising that children who suffered complications (ventriculitis,
hydrocephalus, convulsions and or/relapse) during their meningitis were more likely
to have a poor outcome than children who did not. In this study it was not possible to
investigate the effects of each of these complications separately.

6.10 Investigation of independent risk factors for poor outcome
To determine which factors were independently associated with poor outcome, a
multiple logistic regression analysis was performed using the Genmod procedure. All
variables found to be statistically significantly associated with poor outcome in the
univariate analysis were entered into the regression model, with the exception of CSF
glucose and socio-economic status. The exclusion of CSF glucose was due to the large
amount of missing data for this variable; since only individuals with a complete set of
data are entered into the regression model, its inclusion would have reduced the power
of the regression model. Since this was a predictive model and data regarding socio
economic status was collected at the time of the follow-up, SES was also excluded.
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Children with incomplete data sets were excluded from the regression analysis
(n=364). To determine whether these children differed significantly from the whole
cohort, univariate analysis of factors determining poor outcome was conducted for
this group of individuals only. With the exception of coma the same factors were
found to be statistically significantly associated with poor outcome as for the whole
cohort (table 6.48). However, a higher proportion of children for whom data were
missing had a poor outcome compared with children for whom a complete data set
was available (19% v 14%) (%2 7.42 p=0.006).
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Table 6.48

Sum m ary of univariate analysis of demographic and clinical
details for 364 children with poor outcome who were excluded
from the regression analysis. *

Demographic &
Clinical details

Total
n

poor outcome

OR

95% C l

p-value

0.41

(severe/moderate
disability)
number (%)

sex
male
female
gestational age
37 weeks and over
32-36 weeks
under 32 weeks
birthw eight
over 2500 gms
1500-2500 gms
under 1500 gms
age at meningitis
post-neonate 6-12 months
post-neonate 1-6 months
neonate
antibiotics by GP
yes
no
coma on admission
no
yes
convulsions on admission
no
yes
temperature on admission
38 °C or higher
lower than 38 0C

219
143

46 (21)
25 (17)

1.28

0.71-2.2

256
37
28

31(12)
10(27)
15 (53)

1.00
2.69
8.37

1.10-6.50
3.38-20.89

0.014
0.001

289
22
16

42 (14)
5(22)
10(62)

1.00
1.73
9.80

0.47-5.22
3.01-34.3

0.35
<0.001

123
161
74

17(13)
27 (16)
26 (35)

1.00
1.26
3.38

0.62-2.56
1.59-7.22

0.49
<0.001

53
165

8(15)
31 (18)

1.00
1.30

0.52-3.33

0.54

171
17

31 (18)
6(35)

1.00
2.46

0.69-7.90

0.10

152
43

25 (16)
14 (32)

1.00
2.45

1.06-5.65

0.020

60
41

6(10)
8(19)

1.00
2.18

0.60-8.30

0.17

* There are missing data for each variable.

Contd./
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Table 6.48 contd.
Demographic &
Clinical details

Total
n

poor outcome

OR

95% Cl

p-value

(severe/moderate
disability)
number (%)

rash on admission
no
yes
CSF glucose level
more than 20 mmol/L
less than 20 mmol/L
CSF white cell count
>100xl06/l
<100xl06/l
treatment with
cephalosporins
yes
no
complications
no
yes

166
33

36 (21)
2(6)

1.00
0.23

0.03-1.00

0.04

79
79

8(10)
18(22)

1.00
2.62

0.99-7.11

0.03

230
22

40(17)
36 (32)

1.00
1.83

0.66-4.90

0.18

48
152

48 (35)
24(15)

1.00
0.34

0.15-0.76

0.003

139
36

18(12)
16 (44)

1.00
5.38

2.19-13.30 <0.001

* There are missing data for each variable.
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Table 6. 49 Summary of multiple logistic regression of risk factors for poor
outcome at five years for 1207 children with meningitis in infancy:
All organisms

Clinical Details
gestational age
over 37 weeks
32-37 weeks
less than 32 weeks
birthweight
over 2500 gms
1500-2500 gms
under 1500 gms
age at meningitis
post neonate 6-12 months
post neonate 1-6 months
neonate
coma on admission
no
yes
convulsions on admission
no
yes
temperature on admission
higher than 38 0C
38° C o r lower
rash on admission
yes
no
treatment with cephalosporins
yes
no
complications during meningitis
no
yes

Crude OR

Adjusted
OR

1.00
1.87
4.44

95% C l

p-value

1.00
1.34
1.89

0.78-2.24
0.66-5.29

0.27
0.22

1.00
1.96
4.81

1.00
1.11
2.28

0.58-2.06
0.75-6.66

0.73
0.13

1.00
1.35
2.63

1.00
1.18
1.67

0.75-1.87
0.95-2.92

0.46
0.71

1.00
2.44

1.00
2.09

1.20-3.55

<0.01

1.00
2.00

1.00
1.52

0.95-2.38

0.07

1.00
1.60

1.00
1.12

0.74-1.66

■
0.59

1.00
2.31

1.00
1.68

0.88-3.55

0.14

1.00
1.99

1.00
0.84

0.53-1.35

0.47

1.00
3.39

1.00
2.50

1.67-3.72

0.0001
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Table 6.50

Sum m ary of multiple logistic regression of risk factors for poor
outcome for 880 children with bacterial meningitis in infancy
(H. influenzae, N.meningitidis, S.pneumoniae).

Clinical details

gestational age
37 weeks and over
32-36 weeks
less than 32 weeks
birthweight
over 2500 gms
1500-2500 gms
under 1500 gms
age at meningitis
post neonate 6-12 months
post neonate 1-6 months
neonate
micro-organism
meningococcal
pneumococcal
haemophilus
coma on admission
no
yes
complications during
meningitis
no
yes

Crude
OR

Adjusted
OR

95% Cl

p-value

1.00
1.57
7.60

1.00
1.65
25.04

0.81-3.16
2.41-272.3

0.14
0.007

1.00
0.65
5.23

1.00
0.26
0.32

0.06-0.82
0.02-3.33

0.04
0.36

1.00
1.27
4.31

1.00
0.89
2.71

0.52-1.52
1.06-7.18

0.69
0.05

1.00
2.88
0.71

1.00
2.10
0.64

1.49-2.70
0.07-1.21

0.02
0.12

1.00
1.96

1.00
2.00

1.03-3.73

0.03

1.00
2.37

1.00
2.26

1.49-4.62

0.003
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6.10.1 Sum m ary of independent risk factors for poor outcome at five years

For the whole cohort, after controlling for all the other factors in the model, those that
remained independent predictors of poor outcome were: coma on admission and acute
complications (hydrocephalus, convulsions, ventriculitis and /or relapse) during the
episode of meningitis. For children who had bacterial meningitis in infancy,
independent risk factors for poor outcome at five years were: low birthweight,
infection in the neonatal period, infection with S. pneumoniae, coma on admission
and complications during the attack of meningitis. In addition, although gestational
age of less than 32 weeks was highly significantly associated with poor outcome, the
wide confidence intervals around the estimate indicate that this finding should be
interpreted with caution.

Summary of outcome
A summary of the outcome for all children identified in the Karim Incidence Study is
shown in table 6.51.
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Proportion of children who died in acute episode or subsequent to meningitis;
had severe or moderate disability; mild or no health problems at five years
expressed as a percentage of children followed up in each organism group. Total =1880 children.
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6.11 Confounding factors
Since low birthweight

and

prematurity are confounding factors, being risk factors for

meningitis and for conditions such as cerebral palsy, learning disabilities and deafness, it is
important to investigate

whether poor outcome is a reflection of prematurity or low

birthweight rather than due to the effects of meningitis.

Using information relating to

children in the meningitis and non-meningitis groups, stratified analyses were carried out to
determine the relative risks of poor outcome after controlling for the effects of birthweight
(table 6.52) and gestational age (table 6.53).
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Table 6.52 Relative risk of poor outcome following meningitis, stratified by
birthweight, with weighted relative risk (MHRR) for all strata.

Birthweight

VLBW (< 1500 gms)
LBW (1500-2500 gms)
NBW (>2500 gms)

Poor outcome
RR (95% Cl)
RR (95% Cl)
meningitis
non-meningitis
24/56
0/8
RR not calculable
2/47
29/149
4.57(1.13-18.45)
15/1076
113/1139
7.22 (4.24-12.29)
MHRR (95% Cl)
7.11 (4.30-11.73)

Table 6.53 Relative risk of poor outcome following meningitis, stratified by
gestational age, with weighted relative risk (MHRR) for all strata.
Gestational age

less than 32 weeks
32-36 weeks
37 weeks and over

poor outcome
meningitis
non-meningitis
32/74
30/170
108/1092

RR (95% Cl)

0/11
RR not calculable
3/81
4.76(1.50-15.15)
13/1037
7.89 (4.47-13.94)
MHRR (95% Cl)
7.64 (4.56-12.79)

This analysis was limited by the small numbers of children included in the lowest birthweight
and gestational age strata in the non-meningitis group. It is not possible to calculate relative
risks in the lowest birthweight and gestational age strata because of the absence of children
with poor outcome in the non-meningitis group.

With the proviso that the data available for this calculation were limited, the results suggest
that the risk of poor outcome for children who had meningitis, was over and above that which
could be due the effects of prematurity or low birthweight alone. In both stratified analyses
the weighted relative risk (Maental Haenstel Relative Risk, MHRR) showed a 7 fold
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increased risk of poor outcome for children who had meningitis in the first year of life. A
limiting factor to the interpretation of these findings is the wide confidence intervals around
the estimates.
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6.12 Key points
• Approximately 8% of children who had meningitis in their first year had severe
disabilities or had died subsequent to the acute infection by the age of five years.

• The rate of disability differed among children whose meningitis was caused by
different organisms; overall, 4% of children affected by bacterial meningitis {H.
influenzae, N. meningitidis, S. pneumoniae) had severe multiple disabilities at five
years of age.

• For children who had meningitis in the first year caused by any organism, the
independent risk factors for adverse outcome at five years were coma on admission
to hospital and acute complications (hydrocephalus, ventriculitis, convulsions
and/or relapse) during the acute infection.

• For children who had bacterial meningitis during the first year, independent risk
factors for poor outcome at five years were birth before 32 weeks gestation, low
birth weight, meningitis in the neonatal period, infection with S. pneumoniae,
coma on admission to hospital and complications during the acute attack of
meningitis.
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Chapter 7

Discussion

7.1 Introduction
This follow up study of the consequences of meningitis in infancy is unique in the
world literature. Not only is this the largest study reported, but it is based on a
national cohort of children who had meningitis at a similar young age, and who were
followed prospectively together with a comparison group of a similar age and sex. It
is particularly important that the consequences of meningitis are investigated in this
age group, since children under the age of one year are most commonly affected by
meningitis and are experiencing a serious assault to the brain when they are most
vulnerable.

The large numbers of children involved in this study allowed the investigation of the
consequences of meningitis according to different causal organisms, although even in
this study, numbers were still too small to draw definitive conclusions about risk
factors for adverse outcome. The findings relating to the outcome of bacterial
meningitis are broadly in line with other studies published in the world literature
(Grimwood et al, 1995; McIntyre et al, 1993) and those reviewed by Baraff et al,
(1993), although no other study has focused solely on the consequences of bacterial
meningitis in children under one year.

The high response rates to the questionnaires ensured high overall follow up rates,
which increase the validity of the findings. Since information about the children was
collected by postal questionnaire and not by examination, the results presented are
likely to be an underestimate of all the adverse consequences of meningitis, but are
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likely to be a reasonably accurate estimate of the severe adverse outcomes which was
the objective of the study.

In this chapter the methods used in this study will be critically appraised, the ethical
issues considered and the findings discussed in the light of the published literature.

7.2 Methodological considerations
The approach used in the study was selected as the most feasible for following up a
large cohort of children together with a comparison group. In an ideal situation, a
physical

and

neurodevelopmental

examination

together

with

psychological

assessment would have been performed, using a standardised protocol with the
researchers unaware of the status of the children. However, in view of the numbers of
children involved, and their geographical distribution across England and Wales, this
would have proved prohibitively expensive and time consuming and was clearly not
feasible. Since the main objective of the study was to identify significant problems
following meningitis, which could interfere with everyday life or with schooling, and
was not to look at more subtle deficits such as small reductions in IQ, a postal
questionnaire approach was adopted.

In studies where questionnaires have been developed to measure parental reports of
child health, comparison with health professionals’ ratings show them to be valid and
reliable tools for identifying severe disability (Fooks et al, 1997) and acute significant
illness, chronic illness status and hospital admission status (Spencer and Coe, 1996).
In this study, the level of agreement of reports between GPs and parents varied for the
conditions reported with a higher level of agreement for well defined severe outcomes
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than for more subtle deficits. In outcome studies the most reliable method for
determining the prevalence o f subtle deficits such as mild reductions in IQ or
behavioural difficulties is by examination and by making comparisons with an
appropriate control population.

In this investigation, in which information was collected by postal questionnaire, a
compromise had to be reached between achieving high response rates and collecting
detailed information. In designing the questionnaire for GPs in particular, great effort
was given to keeping it as brief and easy to complete as possible. This was so that
sufficient information could be collected to determine the prevalence of severe
sequelae accurately, as well as maximising response rates. As a result of this
approach, high response rates were achieved from the GPs with respect to both the
meningitis (94%) and the non-meningitis groups (89%). The reasons for the high
response rates from GPs are unclear, although they may perceive meningitis to be an
important issue if they have a child on their list who has suffered the infection.

High response rates were also achieved from the parents of the meningitis group
(92%). Many o f these parents expressed their interest in the study and were pleased
that it was being conducted; they provided many anecdotal reports with detailed
descriptions of the experience surrounding their child’s illness. It is well known that
parents view meningitis as a serious illness, and for those whose child had suffered
this condition the study seems to have provided a welcome opportunity to describe
their experiences. However, 12 parents said they were unaware that their child had
had meningitis and, not surprisingly, expressed concern that this was the case. These
parents were subsequently individually contacted by the researcher who offered to
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discuss the matter fully, and to answer any specific questions about their child’s
health and development.

This was an unexpected finding and a cause for concern. Although every effort was
made to ensure that parents were not approached inappropriately, this situation could
not be avoided. It also raises the question of why some parents are ignorant of their
child’s condition. As the quotations below from one of these parents and from the GP
demonstrate, it is important that they are fully aware of events such as an attack of
meningitis and of the possible consequences.

" V has severe speech problems mostly with language. He has been having intensive
speech therapy since the age o f three and a half. I f we had known he had meningitis at
birth we could have got his speech problems sorted out much sooner ”.
(Parent of a child who had neonatal meningitis)

"Mrs J was totally unaware that V had suffered from meningitis at birth. The news
was broken to her by the health visitor concerned with this survey (the researcher).
There is no mention in the GP records o f this episode

(GP of same child).

The comparison group was selected to serve as normal population controls. While
published data are available on the prevalence of conditions such as cerebral palsy and
sensori-neural hearing loss in childhood, it is still important to include appropriately
selected comparison groups in the investigation of outcome to ensure comparability.
The inclusion of a comparison group meant that it was not only possible to calculate
relative risks for the conditions of interest, but also to investigate confounding factors
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such as birthweight and gestation. The comparison group provided an additional
source of data on the health and development of the childhood population which I
plan to explore further.

Potential sources of bias
In any assessment of outcome it is essential to minimise the effects of bias. In this
study there were several potential sources of

bias, which fall into two main

categories: selection bias and information bias.

Selection bias
The selection of an appropriate control group is important to avoid bias. In this study,
a decision was made to choose a child close in age and of the same gender as the
index child, and from the same general practice.

This was partly for pragmatic

reasons to maximise follow up rates. GPs who are already familiar with the study
objectives are more likely to respond to a request for information about a control. It
also means that other factors which may have an influence on outcome such as social
class, geographical area, medical resources, standard of GPs and GP referral patterns
are comparable. Other selection methods, for example the use of siblings or
classmates as controls, could introduce bias.

The selection of controls was made through the FHSA rather then directly by the GPs
for a number of reasons. Bias might result from GPs selecting controls whom they
knew to be without health and development problems; this is likely to result in under
estimation of health problems in controls and to increase estimates of adverse
outcomes in the meningitis group. In addition at the time of the study, many general
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practices were not computerised and there was a risk of non-compliance if selection of
controls involved additional work.

However, using the same GP practice for selection of controls may have introduced
other biases. Although the children were not matched on social class, matching within
practice might mask possible differences in outcome attributable to social class.
Although the main objective of the study was not specifically to explore the possible
effects of social class on outcome, it was still possible to investigate outcome within
social class in the meningitis cohort as a whole. On balance, the benefits of choosing a
control from the same general practice outweighed the disadvantages.

Information bias
Recall bias
In this study the information gathered to determine outcome was based on reports
from GPs and parents. It is likely that parents of a child who has suffered a life
threatening illness are more alert to the state of their child’s health, and may be more
likely to seek medical advice, or even to search for specific problems. As GPs were
not blinded to the child’s condition they may be more likely to make referrals for
specialist opinion, or to look for problems associated with meningitis. Overall this
may lead to over-reporting of conditions among the meningitis group. For example,
recall bias could explain the significantly higher rates of conductive hearing loss and
middle ear disease observed in the meningitis cohort. However, the main study
objective was to investigate severe sequelae following an attack of meningitis and it
seems unlikely that serious problems such as cerebral palsy would be under-reported
in the comparison group. The most reliable method of avoiding recall bias would have
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been to perform standardised examination of all the children by an examiner who was
not aware of the child’s meningitis history. In practical terms this would be difficult to
achieve, since it would be only natural for many parents to inform the examiner of
their child’s history of meningitis

Response bias
The accurate estimation of the adverse consequences of meningitis may be
compromised by response bias. This could arise if a proportion of the cohort who
were not followed up were fundamentally different from the responders. In this study
loss to follow up or inability to trace the children was low (10%). It was of note that
the rate of severe or moderate disability as reported by GPs was significantly higher
among children whose parents did not respond to the questionnaire (29% v 14%, %2
25.80, p=<0.001). This could be due either to a reluctance to describe in detail their
child’s disabilities, anger with health professionals in general, or simply due to a lack
of time in view of the responsibilities involved in caring for a child with disabilities.
This observation concurs with that of Wariyar et al, (1989) and Tin (1998) who
reported a higher rate of disability among children who were harder to trace.

Disparity between GP and parental reports
The information collected from parents and GPs was equally important and
contributed different components to the overall picture of the children’s’ health and
development. The combination of information sources ensured a higher follow up
rate, improved the quality and quantity of data and generally increased the prevalence
rate of problems, particularly those relating to behaviour, vision, hearing and ENT
problems. For example based on GP reports alone 7.3% of meningitis and 2.7% non
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meningitis children were reported to have behaviour problems these rising to 11.9%
and 3.3% respectively when both sources were combined. In contrast when both
sources were combined for more severe adverse outcomes such as motor problems,
the addition of parental information had little effect on the prevalence rate of
problems reported by the GP, but provided more detailed information about the level
of disability. For a small proportion of children (21, 1.3%) reported by GPs to have
motor problems such as gross motor delay, insufficient information was provided to
determine the level of disability because no information was available from parents.
Although these children may have had serious conditions such as cerebral palsy,
without confirmation it is not possible to be certain about the severity of the problem.
In any future investigation using a similar approach, it would be important to include,
in addition to the question enquiring about the presence of a motor problem, specific
questions seeking details of the nature of the disability.

7.3 Ethical considerations
When the follow up study was designed and set up in 1990, ethics approval was
obtained from the two collaborating centres. If a similar study was being set up at the
present time, this approach would no longer be possible and it would necessary to
seek approval from every ethics committee in the country, as well as the Regional
Ethics Committees. This clearly would be a major undertaking with considerable
resource and financial implications (Tully et al, 2000).

The initial approach was to the hospital paediatrician who had initially reported the
case, who was asked to provide details of the family’s address as well as the name and
address of the GP recorded in the hospital notes. The GP was then contacted to
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confirm the family’s address and to seek advice about contacting them. This was
considered to be an important step so that contact could be avoided in instances where
a child had died or so that a personalised approach could be adopted where there were
difficult family circumstances. The subsequent discovery that 37 of the children
included in the follow up had died, justified this approach.

Currently parental consent has to be obtained before any information about a child can
be obtained from the GP or paediatrician or any other health professional involved in
the care of a child. While it is very important that patient/doctor confidentiality is
maintained, this could have a very negative effect on the conduct of some research,
and a balance needs to be reached between protection of the public and the
furtherance of scientific knowledge which could ultimately be of benefit to the public.
It would have been most unfortunate if the parents whose children had died since the
acute attack of meningitis had been contacted directly by the researcher. On the other
hand, asking health professionals for advice about approaching parents may result in
those who have a rather paternalistic approach making inaccurate assessments about
the willingness or otherwise of their patients to take part in a study.

An alternative approach to sending letters direct to the parents once the approval of
the GP had been obtained, would have been to have them forwarded to the parents by
the GP or FHSA. However it is possible that this would have compromised response
rates by making follow up of non responders more difficult. In a feasibility study in
the Oxford region for a national monitoring system to assess child health,
questionnaires were sent to 1169 parents of seven-year-old children via FHSAs and
GPs. The information sought and design of the questionnaires were similar to that
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used in the present study, although it was considerably longer (16 pages), and the
response rate from parents was 75% (Middle et al, 1996).

Another potential ethical dilemma was that parents were not aware that their child
had been notified to the Karim Centre as having had an attack of meningitis. Indeed,
since the incidence study could be considered to be part of the surveillance or audit of
infectious disease, there is no reason why they should have known. There is debate
currently about the need for consent to include notifications of infectious disease and
other conditions in surveillance programmes (personal communication with Dr C
Verity, Chair, British Paediatric Surveillance Unit, Royal College Paediatrics and
Child Health). In this study the high response rates obtained in the follow-up
demonstrated the willingness on the part of parents to take part in a study such as this
and highlights their positive attitudes.

The original intention for those children reported to have a sensori-neural hearing
loss, was to contact the specialist named by the parent for more detailed information
about the degree of hearing loss.

For this purpose, a box was provided on the

questionnaire for parents to tick if they agreed that the specialist could be contacted.
Information about the degree of sensori-neural hearing loss was sought from
specialists as the parents questionnaires were returned. Only 10 specialists were
contacted before it became apparent that they would not provide the information
sought, without first receiving signed consent from the parents, an ‘opt out’ box was
not sufficient. Since the resources were not available to provide this, this part of the
investigation was abandoned.
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It is important that reliable information is collected on the outcome of potentially
serious childhood conditions, not only so that parents can be advised about the
possible outcome for their child, but also to provide background information for
determining the need for preventive strategies, and for determining the need for
services. The question of how this best can be achieved requires consideration.

Use of child health registers as a basis for research is not without ethical problems,
and it is also necessary to have parental consent (Johnson, 1995). For a smaller
population in a well defined area GPs may be able to assist in making an approach to
parents. Mutch and King (1985) investigated the possibility of obtaining ‘opt out’
consent from parents for transfer of information from health services to a research
project. This was part of a project based in one health region identifying children
with specific disabilities who were low birthweight or in receipt of neonatal intensive
care. In the first year of using the opt out approach, recruitment rates of 97-98% were
achieved. Clearly the success of this initiative was partly because a well defined
project had already been set up, and parents could be provided with explicit
information about the nature o f the investigation. However, a more general ‘opt-out’
consent for possible future contact in the event of a research project could be built into
the initial protocol, although undoubtedly this would prove administratively
complicated.

7.4 Sequelae of meningitis
Most children in the meningitis group were reported to have no apparent residual
sequelae or only mild problems such as middle ear disease or squint,

relatively

common conditions in the childhood population. However, a substantial number (8%),
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had severe multiple handicaps which compromised normal life or had died in the
interval since the acute attack. An additional 10% of children had problems which
resulted in moderate disabilities and although the majority of these could function in
mainstream schools, in about a quarter, additional support was required. In all
domains children who had meningitis in infancy were at increased risk of adverse
outcome at five years compared with children who had not been exposed to the
infection.

Thirteen percent of children who had bacterial meningitis (H.

influenzae

N.meningitidis, S. pneumoniae) had severe or moderate disabilities at five years with
nearly one quarter of children who experienced pneumococcal meningitis affected,
11.8% of children in the haemophilus group and 10% in the meningococcal group.
These findings are broadly in line with the estimates made by Baraff et al (1993)
(16.4% of children with a least one major deficit), with Grimwood et al (1995) who
reported a rate of

8.5% of school-age children with severe sequelae following

bacterial meningitis, and of McIntyre et al (1993) whose estimate of 4% with severe
deficits following Haemophilus influenzae meningitis, parallels the finding from this
study (4.6%).

Conditions that are prevalent in the childhood population such as middle ear disease,
behavioural problems, speech and language problems, were found to be more
common in the meningitis group than in the controls. It is difficult to assess whether
the excess of these conditions in children with a history of meningitis is due to a
greater risk of developing these conditions, or a reflection of a higher detection rate
resulting from parental and/or medical concern about children who have had a

250

potentially life threatening illness. This question could only be answered by
conducting a more detailed physical examination as well as psychometric testing and
assessment of behaviour in the two groups of children. In view of the higher reported
rate of behavioural problems among the children in the meningitis cohort, the
children, together with the comparison group are currently the subject of a ongoing
investigation of behaviour through parents and teachers (personal communication
D.Harvey).

As large numbers o f children were enrolled in the study it enabled careful
examination of the consequences of meningitis according to causative organism. It
was apparent that the outcome differed for children with different bacterial causes of
meningitis, with children affected by pneumococcal meningitis having a poorer
outcome. This was particularly true with respect to the risk of sensori-neural hearing
loss. Nevertheless, despite the relatively large numbers the interpretation of findings
was still limited when analyses were grouped by organism.

For example when children known to have pre-existing conditions were excluded,
there were 141 children in the pneumococcal group and univariate analyses for risk
factors for poor outcome were restricted. Despite increased odd ratios for a number of
potential risk factors, few were statistically significant which reflects the small
numbers in individual cells. For rare risk factors and outcomes, large numbers are
required to ensure the validity of findings. This may also partly explain the
inconsistencies in findings between studies. Studies set up to investigate the
consequences of uncommon conditions would benefit from being conducted on a
multi-centre basis using standardised protocols. An alternative approach would be to
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conduct meta-analyses of studies, although different methodologies make this type
of approach fraught with problems (Eysenck, 1995).

This study provides a wealth o f information about the health and development of a
group of five year old children who had not been affected by meningitis and useful
information not only about the prevalence of severe disabling conditions in the
childhood population, but also about milder conditions such as middle ear disease.

7.4.1 Sensori-neural hearing loss
In this study the prevalence of sensori-neural hearing loss among children who had
bacterial meningitis (7%) is comparable with other published findings (range 2.429%; mean 10.5%) (Baraff et al, 1993)

with the highest risk attached to

pneumococcal meningitis (16%). There is evidence that hearing loss associated with
bacterial meningitis improves with time (Feigin et al, 1976; Lebel and McCracken,
1989; Munoz et al, 1983; Nadol, 1978) thus the time period between meningitis and
follow up is a critical factor in estimating the prevalence of subsequent hearing loss.
In studies conducted too soon after the acute episode, it's prevalence

may be

overestimated.

As information was obtained through postal questionnaire, detail about the nature of
hearing loss is lacking for some children and the true prevalence of sensori-neural
loss may be even higher; unilateral loss in particular may not have been completely
reported, and may even have not been recognised in some children.

The true

prevalence could only be assessed by performing audiograms for the whole cohort of
children as well as the comparison group. This would prove expensive and may add
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little to the overall findings since it is unlikely that severe and moderate hearing loss
would have been missed.

In this study, in contrast with others, meningococcal meningitis was found to be
associated with a higher prevalence of hearing loss than meningitis caused by
Haemophilus influenzae (6.5% v 4.6%). This may be a reflection of the age of the
children at the time of initial attack. In their follow up of Haemophilus influenzae
meningitis McIntyre et al (1993) found that although the youngest children were more
likely to have persistent neurological sequelae, hearing loss, both severe and less
severe, was uncommon in children who had meningitis when younger than two years
of age. McIntyre et al used a similar approach for collecting information as that used
in the present study, using parents’ as well as GP reports.

7.4.2 Conductive hearing loss and middle ear disease
A higher prevalence of conductive hearing loss and middle ear disease was reported in
children in the meningitis group (17% v 7%). The extent to which this is a real
difference is difficult to ascertain without examination of the children. Middle ear
disease is common in the childhood population,

Hall (1997) quotes a figure of

probably half o f all pre-school children having at least one episode o f otitis media
with effusion (OME), with about 7% having OME for at least half the time around the
ages of 2 to 4 years. This figure is in line with the prevalence of chronic middle ear
disease reported in the non-meningitis group.

Hospitalisation for insertion of grommets was also more common in the meningitis
group, but this could be a reflection of more attention being paid to these children or a
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possible search for problems. The prevalence of conductive hearing loss and middle
ear disease was highest for children with haemophilus (13%) or pneumococcal (17%)
meningitis compared with meningococcal meningitis (8.5%). It is unclear why there
should be this difference in rates, although these children may be more susceptible to
the organisms that cause otitis media. It also raises the possibility that some of the
conductive hearing loss and middle ear disease in these children is actually
undiagnosed milder degrees of sensori-neural hearing loss.

Clearly it is important that all children have their hearing tested following meningitis
and it was of concern that 8 % of parents reported that their child’s hearing had never
been tested. This finding concurs with previous studies in which it has been shown
that a proportion of children surviving meningitis do not having a formal hearing
assessment (Fortnum and Hull, 1992; Riordan et al, 1993; Shields et al, 1995). The
finding in this study, that there was a difference in the reported rate of non-testing
between organism groups, may be explained by a perception among some
paediatricians that not all types of bacterial meningitis result in hearing loss and that it
is confined to haemophilus and pneumococcal meningitis (Fortnum and Hull, 1992).

Ideally, a hearing test should be performed using the most appropriate techniques for
the age of the child and taking account of other possible disabilities. It has been
recommended that a national screening programme for hearing impairment should be
based on universal neonatal testing with a targeted screen at 7 months for high risk
infants such as those who have had meningitis (Davis et al, 1997).

Should this

become policy, it will be imperative that the system for identifying and following up
children at increased risk is well defined; meningitis is the single most important
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cause of acquired hearing loss in children, accounting for 6-7% of all hearing
impaired children at five years (Davis and Wood, 1992). In one study, a system of
referring children with meningitis for hearing assessment before they were discharged
from hospital, increased referral rates from 78% to 96% over a two year period. The
major reason for hearing not being tested was then non-attendance by the parent
(Riordan et al, 1993) and this highlights the need to fully explain to parents the
possible consequences of the infection.

7.4.3 Neuro-motor problems
Among the children in the meningitis group 8.1% were reported to have motor
problems. For 5% of the children these were severe conditions such as cerebral palsy,
ataxia and paresis, and a further 1.3% children were described by GPs and/or parents
as having gross motor delay, abnormal gait or poor balance.

The prevalence of severe motor problems among children affected by bacterial
meningitis (2%) is at the lower end of the range reported from other studies (Baraff et
al, 1993). In common with hearing loss, it has been reported that motor abnormalities
detected early following meningitis such as hemiparesis and ataxia are particularly
likely to resolve over time (Pomeroy et al, 1990; Taylor et al, 1990) and this may
partly explain the lower prevalence found in this study. Milder forms of cerebral palsy
and paresis may also go undiagnosed in children who have other problems such as
hearing or visual impairment. The association between hearing loss and motor
disorders found in this study has been previously reported (Dodge et al, 1984) and it
highlights the need to be particularly vigilant in identifying such impairments among
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hearing impaired children, and the importance of carrying out a full assessment of
children who have had meningitis.

Parental information about their child’s physical abilities enabled an assessment of
the level of disability. Twenty eight children in the meningitis group and one in the
non-meningitis group were described by parents as being unable to walk at five years
and a further 40 (13 non-meningitis) were described as being very clumsy when
walking; 36 (1 non-meningitis) were unable to run and 30 (0 non-meningitis) unable
to climb stairs.

7.4.4 Vision and ocular defects
Six children in the meningitis group were reported to be blind, all these children had
multiple, severe handicaps such as cerebral palsy. Overall, 6% of children who had
had bacterial meningitis were reported to have visual or ocular disorders. One of the
few published prevalence rates for abnormalities in vision (9.5%) was published by
Grimwood et al, (1995). The prevalence of squint was common in both the meningitis
and non-meningitis groups and was particularly high among children who had
learning disabilities. The association of squint with learning disabilities is wellrecognised (Alberman et al, 1971).

7.4.5 Behavioural problems
This is one of the most difficult areas to assess without either formal assessment or a
specifically designed questionnaire.

As the major focus of this study was on

significant impairment, the questionnaire was kept as brief as possible to ensure
compliance and the fullest follow-up possible. The majority of behavioural problems
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reported by parents were those aspects of behaviour that are so prevalent among this
age group and they could be considered normal pre-school behaviour. Parents may be
unlikely to report these kinds of problems to a medical practitioner.

Hall (1996)

quoted rates of sleep disturbance (15%); overactivity (13%); eating difficulties (12%)
among pre school children, rates which were similar to those reported for the children
in the meningitis group.

Among both the meningitis and comparison groups, mothers who described
themselves as lone parents were more likely to report behavioural problems in their
children. Since information on occupation was collected at the time of the follow up
and was not available at the time of the acute episode,

this finding should be

interpreted with caution. It is not possible for example to determine if the child’s
behaviour caused a break-up o f the parents’ relationship; whether the child’s
behaviour resulted from the break-up of.the relationship; or whether lone parents find
it harder to cope, and thus are more likely to perceive their child to have behavioural
problems. Reported rates of behavioural problems are higher among socially deprived
families and families where there are discordant relationships (Hall 1996).

7.4.6 Learning problems
In this study children who had had meningitis were found to be at increased risk of
having learning disabilities at five years of age.

Since formal testing was not

conducted, it is not possible to describe the degree or nature of learning disabilities,
but it appears that in addition to those children for whom a severe learning
impairment was one of multiple disabilities, there was a group of children in whom
the only problem reported was difficulty with concentration. It is not possible to
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exclude a subtle intellectual deficit in this group but this could only be assessed by
detailed psychological testing.

These data support the findings of Feigin et al (1977) and Grimwood et al (1995) who
described a proportion of apparently normal meningitis survivors functioning at a
lower level than their peers for a number of intellectual, educational and cognitive
tasks several years after meningitis. The cohort followed up by Grimwood et al most
recently 12-14 years after their illness,

demonstrate that survivors of meningitis are

at increased risk of persisting deficits especially in the executive function and
academic achievement domains (Grimwood et al, 1998).

This issue is very important since it is likely that children who have no apparent
residual effects of meningitis will be considered to be functioning normally and will
not be provided with the extra support they may require to fulfil their potential.
Anecdotal reports from organisations such as the National Meningitis Trust, whose
main objective is to provide support for sufferers and their families, suggest that
problems such as difficulty in concentrating are a major cause for concern and are not
generally acknowledged as side effects of meningitis. While it is acknowledged that
such evidence is unsound from an epidemiological perspective, sufferers and their
families would consider this to be at the top of the agenda for future research in
meningitis (personal communication with National Meningitis Trust).
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7.4.7 Speech and language problems
Difficulties with speech and language are also common in the childhood population
but the risk of these problems was increased in children who had had meningitis. This
was mostly explained by its association with hearing and or learning impairments.

7.5 Factors affecting outcome
7.5.1 Treatm ent
Among the children who had meningococcal meningitis the receipt of antibiotics by
the GP appeared to have some protective effect with fewer children having an adverse
outcome compared with the non-antibiotic group. There is no published evidence
about the effects of receipt of early antibiotics on long term outcome, and in this
study, even though the difference in outcome did not reach statistical significance, it
adds weight to existing observational evidence that early antibiotics are beneficial in
meningococcal disease (Cartwright et al, 1992b).

7.5.2 Socio-economic status
The poorer health experience of children in the poorest social groups is well
recognised (Spencer 1996). The findings of this study provide yet more evidence of
the association between socio-economic deprivation and adverse health outcomes.
However, considerable caution is required in interpreting the findings since the data
on socio-economic status were collected at the time of follow up rather than at the
time of the acute episode. This may mean that having a disabled child affects social
status by reducing parents’ employment opportunities rather than the effects of social
disadvantage influencing the outcome of a serious infection.
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Assuming that the findings are an accurate reflection of the effect of social
circumstance on outcome, there are a number of possible explanations for the poorer
outcome observed in more disadvantaged children. In this study although it was not
possible to explore the effect o f delay between recognition of meningitis and initiation
of treatment, it has been reported to be an important factor in determining outcome
(Radetsky, 1992). Parents in more socially disadvantaged circumstances may delay
seeking medical advice because o f difficulty in accessing services (Pearson et al,
1992; Spencer 1996) or through a reluctance to use them. In this study the effect of
socio-economic status persisted even after children with known pre-disposing
conditions had been excluded from the analysis. The poorer outcome among the
children in the more deprived groups may be a result of a poorer pre-existing state of
health. Further investigation of this issue would require multivariate analysis, which
included a number o f relevant factors such as birthweight, gestational age, measures
of severity of illness as well as socio-economic status at the time of the acute episode
of meningitis.

7.6 Risk factors for poor outcome
This study is unique in that the large numbers of children included, allowed the
separate investigation of risk factors for death during the acute episode as well as for
subsequent death or disability at five years. Since there are no published findings that
have explored risk factors for adverse outcome specifically among a cohort of
children who had meningitis in infancy, comparisons are not possible. This study has
thus provided important information that has not been previously addressed.
However, some comparisons can be made with findings of other studies with respect
to risk factors associated with poor outcome among children with bacterial meningitis.
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Few studies investigating the outcome of meningitis have performed multivariate
analysis to determine the factors that are independently associated with poor outcome
(Kilpi et al 1991; Kaareson and Flaegstad 1995; Grimwood et al 1995) and the
analyses in this study produced interesting findings. Very low birthweight emerged as
a significant independent risk factor for death during the acute episode, while
prematurity was found to be an independent risk factor for subsequent adverse
outcome although only among children who suffered bacterial meningitis.

Other factors found to be associated with adverse outcome among children with
bacterial meningitis specifically the presence of coma on admission, and low CSF
glucose, particularly with respect to subsequent sensori-neural hearing loss, have
been reported elsewhere (Berlow et al, 1980; Dodge et al, 1984; Nadol, 1978; Vienny
et al, 1984) although coma has not be reported consistently (Grimwood et al, 1996).
In this study, coma on admission remained an independent risk factor for poor
outcome for children with bacterial meningitis.

It is important to consider the issue of following up children who may have pre
existing conditions; the sequelae described as being a consequence of meningitis may
be due to other factors. In the analysis of risk factors, an attempt was made to exclude
children known to have pre-existing conditions, however it is possible that children
with unrecognised conditions were included in this group and that some of the
disability associated with meningitis is actually a consequence of prematurity.
Although restricted by small numbers, the findings of the stratified analysis, which
controlled for the effects of birthweight and gestation, provided some reassurance that
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the disability described in this study was not solely due to the effects of these
confounding factors.

Prematurity was associated with poor outcome even among babies who contracted the
infection between the ages of 6 and 12 months. This would suggest that in very
premature babies the immune system is affected in a way which compromises the
ability to adequately fight serious infection and that this effect persists beyond the
earliest months of life.

This study confirms that deleterious effects of meningitis in infancy are significant
and provides estimates of the risk of specific conditions. In view of the large numbers
of children involved, and the high follow up rates it is likely that these represent
reliable estimates o f the consequences of meningitis. It is clear that children require
careful assessment following an attack of meningitis, not only to detect severe
disabling conditions, but also less well defined subtle deficits that may nonetheless
have a significant impact on a child’s life.

The findings contribute to the existing literature on the consequences of meningitis,
adding information specifically about meningitis in infancy. They provide the
background for determining the need for more detailed investigation of specific
conditions or outcomes following infection with particular micro-organisms, and also
for determining the need for prevention. Information provided about the consequences
of meningococcal and pneumococcal meningitis in particular will prove valuable
background information as conjugate vaccines are introduced into routine use.
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Most children in this cohort recovered fully from the attack of meningitis, however a
significant number o f children died or were permanently and severely disabled. The
children in this cohort who suffered haemophilus meningitis were bom too soon to
benefit from the protection afforded by the conjugate vaccine. Four percent of these
children suffered severe sequelae, and a further 4% had died at the time of the acute
attack. For children in the future, the only likely prospect of avoiding the damage
caused by meningitis is by primary prevention. The introduction of effective vaccines
against meningococcal and pneumococcal infection will make an important
contribution to the improvement of child health worldwide in the next century.
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FORM B

NATIONAL FOLLOW-UP OF MENINGITIS IN INFANCY
Name:

DOB:

Study Number:

1. This child was last seen on
m
2. Has any physical or mental impairment, disability or handicap, or any other condition ever been detected in
the child which interferes with normal everyday life or which might be a problem at school?
yes

under review

no

no record

If NO, go to Question 4 overleaf
3. If YES or UNDER REVIEW, please indicate into which category the condition, handicap or disability falls
___

i) Hearing loss
no
no record

under review

If YES, Sensorineural

J* yes

specify

conductive I

mixed

ii) Visual problems
no record
no

under review

yes

specify

iii)Speech problems
no
no record

under review

yes

specify

under review

yes

specify

v) Behavioural problem
no
no record

under review

yes

specify

vi) Motor delay/disorder
no
no record

under review

yes

specify

vii)Fits/convulsions
no
no record

under review |___

yes

specify

If YES, Febrile only

Epilepsy diagnosed

yes

specify

Bilateral

unilateral

iv) Mental impairment
no
no record |

|

Details.....................

viii)Other condition(s)
no

no record

under review

193.

Name:

DOB:

4. Has the child ever been referred to a specialist?

Study Number:

yes

no record

no

If YES, reasons for referral..............................

Names and addresses of consultants (private or NHS)

(please continue overleaf if necessary)
Diagnosis if known:....................................................................
5. Has the child been in hospital since initial episode of meningitis?
no ------

no record ____

yes

If YES, number of hospitalisations

1

2

[

4

5 or more

Reason (s) for hospitalisation, specify

6. Does the child have any other condition not previously mentioned (eg asthma, diabetes)
no 1

1 no record I

I under review 1

yes I

I

specify................

7. Is the child currently receiving regular medication for any chronic condition?
no

no record | ~

yes

specify

8. Do you have any additional concerns about the child’s physical or mental development?
no

yes

specify...............................................................................

Form completed by (please print):..................................................................................
GPs signature:.................

Date:______ /_____ /

PLEASE FEEL FREE TO ADD ANY ADDITIONAL INFORMATION OVERLE/^4

Appendix 2 Questionnaire for Parents

NATIONAL FOLLOW-UP OF MENINGITIS IN INFANCY
Name:

DOB:

Study Number:

THANK YOU FOR COMPLETING THIS QUESTIONNAIRE
ALL YOUR ANSWERS WILL BE TREATED IN CONFIDENCE.
PLEASE PUT A TICK IN THE BOX NEXT TO THE ANSWER THAT APPLIES TO YOU
AND WRITE IN DETAILS WHERE ASKED.

1. Do you think your child is generally fit and healthy?

yes
If NO, please say why n o t

no

don’t know

.................................................. ..........

2. Do you think your child has any problems with his/her eyesight?

yes

no

don’t know

If YES, please describe the p ro b lem .................................................... .........................

3. Have his/her eyes ever been tested?

yes

no

don’t know

If YES, at what age was the test done (if more than one test, give age at last test)

yes

no

don’t know

If NO, has s/he been prescribed glasses?

yes

no

don’t know

5. Has your child ever been referred to a specialist about his/her eyes?

yes

no

don’t know

If YES, please give name and address of specialist
Name:
Address:

6. Does your child have a squint?
yes, now
yes, in past, not now
no
don’t know

If YES, has s/he had any treatment for the squint?

yes

no

don’t know

If YES, please describe treatment (eg operation, eye-patch etc)
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yes

no

don’t know

If YES, please describe the problem

8. Has s/he ever had a hearing test?

yes

no

don’t know

If YES, at what age was the test done (if more than one test, give age at last test)

9. Was his/her hearing found to be normal?
□
yes

□
no

□
don’t know

If NO, has your child been prescribed any treatment?
□
yes

□
no

□
don’t know

If YES, please describe (eg hearing aids, operation etc)

10. Has your child ever been referred to a specialist about his/her hearing?

□

□

yes

no

□
don’t know

If YES, please give name and address of specialist
Name:.....................................................................................................:..........
Address: ............................................................................................................

yes, now
yes, in past, not now
no
don’t know
If YES, please describe the problem ..................................................

12. Do people outside the family understand what s/hesays?

yes

no

don’t know

13. Has s/he ever had speech therapy?
yes, now
yes, in past, not now
no
don’t know
14. Do you have any worriesabout your child’s behaviour?

yes

no

don’t know

If YES, please describe your worries (eg temper tantrums, eating, sleeping, behaviour at school etc.)

(please continue on the back of this page if necessary)

walks

____
yes, very

____
yes,a little

____
not at all

runs

____
yes, very

____
yes,a little

____
not at all

climbs stairs

____
yes, very

____
yes,a

____
not at all

little

16. Has your child ever had fits or convulsions?
yes, in past 12 months
yes, but not in past 12 months
no
don’t know

I f NO, please go to question 19

If YES, in past 12 months, please describe attacks and give details of how often they occur.

If YES, but not in past 12 months, please describe attacks and give date of last attack.
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about the fits/convulsions?

yes

no

don’t know

If YES, please give name and address of specialist
Name:....
Address:

18. Has s/he ever been on any medicine for the fits or convulsions?
yes, now
yes, in past, not now
no
don’t know

If YES, please give name of medicine

19. Is your child taking medicine regularly for gny other condition(s)?

yes

no

don’t know

If YES, for which condition(s)?

Please give the name(s) of the medicine(s)
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yes

no

don’t know

If YES, please describe

(please continue on the back of this page if necessary)

21. Do you have any worries about any aspect of your child’s health,
development or behaviour that you have not mentioned above?

yes

no

don’t know

If YES, please describe your w orries..............................................

(please continue on the back of this page if necessary)

22. How many times has your child been a hospital in-patient?
1

2

3

4

5

Please give the reason(s) for being in hospital
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yes

no

don’t know

If YES, please describe reason(s) for referral

Name and address of specialist(s) (hospital or private)
N am e:...........................................................................................................
A ddress:.......................................................................................................

(please continue on the back of this page if necessary)

We would like to contact the specialist (s) you have named for more information about your child’s condition.
If you do NOT wish us to contact the specialist(s), please tick the box

___ _

24. Has your child started primary school?

- yes

no

If YES, please give name and address of school
If NO, please give name and address of school s/he will be attending
Name of School:.............................................................................................................
Address: .........................................................................................................................

25. Is your child receiving any special education or extra help at school?

yes

no

don’t know

If YES, please describe on the back of this page
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If you are not his/her mother, please answer as best you can and
give your relationship to the child at the end of the questionnaire.

25. How many weeks pregnant were you when s/he was born?........................................................
26. How much did s/he weigh at birth?............................ ...................................................................
27. Mother’s date of birth.....................................................................................................................
28. How many other children are there in the family?.......................................................................
29. Please give the other children’s ages in years................................................................................
30. Does or did anyone in the family (by this I mean the child’s brothers and sisters, parents and
grandparents) have any health problems in childhood?
(eg. problems with hearing, eyesight, fits or convulsions etc)

yes

no

don’t know

If YES, please describe health problems and relationship of person to child
Health problem :..............................................................................................................................................

Relationship to child:.....................................................................................................................................

(please continue overleaf if necessary)
31. Mother’s present or most recent occupation ................................................................................
Tick here if not working now

-------

Tick here if never had paid job

------

32. Husband/partner’s present or most recent occupation ...............................................................
Tick here if not working now
Tick here if never had paid job

------____

Tick here if no partner----------------------------------If you are not the child’s mother, what is your relationship to the child?

THANKYOU VERY MUCH FOR YOUR HELP
WHEN YOU HAVE FILLED IN THE FORM PLEASE RETURN IT
IN THE FREEPOST ENVELOPE PROVIDED (NO STAMP IS NEEDED) TO:
The Karim Centre for Meningitis Research
Institute of Obstetrics & Gynaecology
Queen Charlotte's Hospital
FREEPOST
London W6 OBR
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