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Abstract

PURPOSE—To determine neurocognitive, educational and psychological functioning during
childhood and early-adolescence among survivors of early-life meningitis who are apparently
healthy.

METHODS—In the general population-based Avon Longitudinal Study of Parents and Children
birth cohort, meningitis exposure was determined at age 18 months. The outcomes of 1Q, short-
term memaory, working memory, reading and spelling abilities, psychological and behavioural
problems, depressive and anxiety symptoms, and psychotic experiences at ages 9 to 13 years were
compared between those exposed and unexposed to meningitis. Individuals with special
educational needs were excluded.

RESULTS—BY age 18 months, 67 out of 11,035 children were reported to have suffered from
meningitis (0.61%). These children, compared with the unexposed, performed worse on all
neurocognitive and educational measures; mean difference in total 1Q 7.36 (95% CI 1.60-13.11).
Meningitis was associated with higher depressive and anxiety symptoms (p=0.02), psychological
and behavioural problems (p=0.09), and increased risk of psychotic experiences; risk ratio 2.22
(95% CI 1.12-4.38).

CONCLUSIONS—Exposure to meningitis in the early-life is associated with neurocognitive,
educational and psychological difficulties during childhood and early-adolescence among
survivors who are apparently healthy. Therefore, focusing only on serious neurologic disabilities
may underestimate the true impact of early-life meningitis.
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INTRODUCTION

Meningitis is inflammation of the membranes (meninges) that surrounds and protects the
brain and spinal cord. It is most often caused by an infection (bacterial, viral, or fungal) but
can also result from non-infectious causes (1-3). Meningitis is associated with considerable
death and disability: yearly an estimated 171,000 deaths and 9.8 million disability adjusted
life years (DALYs) worldwide according to the World Health Organization (WHO) (4).
Early life meningitis, particularly during the neonatal period, is associated with high
mortality and morbidity (5-8).

Major sequelae of childhood meningitis have been studied extensively, which in case of
bacterial meningitis includes, permanent neurologic disability, sensory and motor
impairment, intellectual disability, or loss of a limb (9-14). However, with improved
antimicrobial therapy serious complications from early-life meningitis are increasingly less
common in the Western countries (13). According to a recent systematic review and meta-
analysis of global data on childhood bacterial meningitis, the risk of at least one major
sequela is 9% in the WHO European region, compared with over 20% in Africa and South
Asia (13). Although relatively less studied, meningitis is associated with poorer
neurocognitive and educational performance. Studies have reported deficits in 1Q, memory,
increased emotional symptoms during childhood and adolescence among survivors of early-
life meningitis (10-12, 15, 16). This suggests serious complications, which are often used to
measure the impact of childhood meningitis, may only represent the tip of the iceberg in
terms of disability associated with the illness.

Previous studies have commonly included meningitis survivors with or without serious
complications as a single group, but there is evidence that cognitive impairments are greater
in those with a neurologic disability, such as hearing impairment, than those without (11).
Thus, the true burden of neurocognitive and psychological difficulties in meningitis
survivors who are apparently neurologically healthy remains to be determined. Many studies
have employed short follow-up; tests administered at the time of discharge from hospital
may not reflect long-term neurocognitive performance (13). Therefore, studies with long
duration of follow-up based on representative general population samples are necessary to
accurately measure the associations between early-life meningitis and long-term
neurocognitive abilities.

In order to determine long-term functioning in survivors of early-life meningitis who are
apparently healthy, we have carried out a 12-year follow-up study of meningitis occurring in
the first 18 months of life in the Avon Longitudinal Study of Parents and Children
(ALSPAC), a general population birth cohort. Focusing exclusively on individuals without a
serious neurologic disability, we have compared neurocognitive and educational
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performance assessed as 1Q, short-term memory, working memory, reading and spelling
abilities between ages 9 and 11 years, psychological and behavioural problems at age 10
years, symptoms of depression and anxiety at age 11 years, and risk of developing psychotic
experiences (PE) at age 13 years between those exposed and unexposed to meningitis. We
predicted that early-life meningitis will be associated with poorer performance in
neurocognitive, educational and psychological tasks during childhood and early-
adolescence.

METHODS

Ethical approval

Ethical approval for the study was obtained from ALSPAC Ethics and Law Committee and
the Local Research Ethics Committees. Parents of all participants provided informed written
consent.

Description of cohort

The ALSPAC birth cohort is based on all pregnant women resident in the county of Avon, a
geographically defined region in the southwest of England, with expected dates of delivery
between April 1991 and December 1992 (www.alspac.bris.ac.uk). The initial ALSPAC
cohort consisted of 14,062 live births and 13,988 infants still alive at 12 months (17, 18).
Avon included both urban and rural areas, and the population was broadly representative of
all children in the UK. The parents completed regular postal questionnaires about all aspects
of their child’s health and development since birth. Since the age of 7, the children attended
an annual assessment clinic during which they participated in a range of face-to-face
interviews and physical tests.

The current study is based on 11,035 participants whose parents provided data on meningitis
when the study child was on average 18.3 months old. The number of individuals with
available information for both meningitis and specific outcome measures vary, as the latter
were completed by different number of individuals (Figure 1). At age 9 years, information
on special educational needs were gathered by trained interviewers for the entire cohort that
identified 63 children with special needs (20 learning disabilities, 11 ADHD, 8 dyslexia, 7
visual or hearing impairments, and 17 with motor or other impairments). None of these
children was reported by their parents to be exposed to meningitis. Children with special
educational needs were excluded from analyses in order to improve comparability between
exposed and unexposed groups, i.e. meningitis-exposed children without special educational
needs were compared with meningitis-unexposed children without special educational
needs.

Assessment of meningitis

Data on exposure to meningitis were gathered using a questionnaire completed by parents
when the ALSPAC participants were on average 18.3 months old. Parents were asked
whether the child suffered from meningitis anytime since birth. They could respond either
‘yes’ or ‘no’, which was used to determine whether the child suffered from meningitis in the
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first 18 months of life. At the time of reporting, the age range of the child was 18 to 31
months; however, 95.8% of the children were 18 or 19 months old.

Assessment of neurocognitive and educational performance

General intelligence and short-term memory (average age 9 years)—IQ was
measured by the Wechsler Intelligence Scale for Children (WISC I11, 3rd UK edition) (19).
A shortened version of the test was applied by trained psychologists, whereby only alternate
items were used for all subtests with the exception of the coding subtest which was
administered in its standard form. Digit span subtest of WISC |1l was used as a measure of
short-term memory. The WISC has been reported to have very good internal consistency
and inter rater reliability. Inter rater reliability coefficients for verbal, performance, and full
scale 1Q are all greater than 0.9, which is excellent (20, 21).

Reading and spelling abilities (average age 10 years)—Two reading tasks and a
spelling task were administered by trained psychologists and speech therapists. Reading was
assessed by asking the child to read out loud ten real words, followed by ten non-words. The
tester recorded whether the child read each word correctly or incorrectly or whether the
child did not attempt the task. For the spelling task, the child was given a series of fifteen
words to spell. For each word, the tester first read the word out loud on its own to the child,
then within a specific sentence incorporating the word and finally alone again. The child was
asked to write down the spelling of the word even if s/he thought they were just guessing.
The tester recorded whether the child got each spelling correct or incorrect or whether the
child didn’t attempt the task. The two sets of words for the reading tasks and one set of
words for the spelling task were specifically chosen for use in ALSPAC after consulting the
developers of these tasks (22). Final score for each task was used. These tasks have good
validity and reliability for assessing reading and spelling abilities in children. The test-retest
reliability coefficient for the word reading task is 0.80. It has a correlation of 0.85 with the
Schonell Word Reading Task, and 0.81 with the word spelling given 4 months later (23).

Working memory (average age 11 years)—Computerized Counting Span Task was
used (24), which tests information processing and storage abilities simultaneously. A child’s
working memory span was calculated automatically by the computer program. The
maximum score a child could achieve was five (i.e. all correct). We used the span score,
which is the main outcome measure from this task.

Assessment of psychological and behavioural problems

The parental version of the Strengths and Difficulties Questionnaire (SDQ) was completed
by mothers when the study child was on average 10 years old. The SDQ is an age
appropriate, valid and reliable tool for measuring psychological and behavioural problems in
young children (25). In a nationwide epidemiological study of over 10,000 British 5 to 15-
year-olds, it has been reported to have good reliability for measuring psychological and
behavioural problems (mean Cronbach alpha for internal consistency 0.73) (26). The SDQ
assesses problems in four domains (emotional symptoms; conduct problem; hyperactivity;
peer-relationship), and gives a total difficulties score of 0-40.
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Assessment of depressive and anxiety symptoms

The short version of the Mood and Feelings Questionnaire (SMFQ) was completed by the
children at average age 11 years. The MFQ is a validated tool widely used in
epidemiological studies (27). The SMFQ includes 13 items covering core symptoms of
depression and anxiety experienced in the past two weeks. Each item is scored zero (not
true), one (sometimes true) or two (true) giving a total score of 0-26. Analyses of
psychometric properties of the SMFQ in a community sample of 7 to 11-year-old British
children suggests that it is a valid tool for measuring depressive and anxiety symptoms (28).

Assessment of psychotic experiences

Psychotic experiences were assessed by the semi-structured Psychosis-like Symptoms
interview (PLIKSIi) at a mean age of 12.9 years (SD 0.23). The PLIKSi comprised 12 ‘core’
questions derived from the Diagnostic Interview Schedule for Children—-1V (DISC-1V) (29),
and the Schedules for Clinical Assessment in Neuropsychiatry version 2.0 (SCAN 2.0) (30).
They include key symptoms covering the three main domains of positive psychotic
symptoms: hallucinations (visual and auditory); delusions (delusions of being spied on,
persecution, thoughts being read, reference, control, grandiose ability, and other unspecified
delusions); experiences of though interference (thought broadcasting, insertion, and
withdrawal). This allowed an observer rating for the presence of any psychotic experiences
in the past six months. Children with psychotic experiences were compared with the rest of
the cohort. The PLIKSi has good inter-rater reliability (kappa=0.7) (31). Details of the
interview and coding process, and training and reliability of the interview procedure have
been reported elsewhere (31).

Assessment of covariates

Age at the time of testing (in days), sex, ethnicity, and father’s social class were included as
potential confounders. As per the UK Office of National Statistics classification system

social class was recorded in six categories: I, II, 1l non-manual, 111 manual, 1V, and V (in
descending order, with professionals and higher managerial workers representing social
class I).

Statistical analysis

Linear regression was used to compare mean scores of 1Q, memory, reading and spelling
tasks between those with and without meningitis. Mean difference (95% CI) between groups
was calculated for each task. Regression models were adjusted for age at the time of testing
(in days), sex, social class and ethnicity. Since SDQ and SMFQ scores were not normally
distributed, their distributions were compared between meningitis-exposed and unexposed
groups using the independent samples Kruskal Wallis test.

We examined whether deficit in total 1Q in the meningitis group was due to a sub-group of
individuals with very low 1Q, or low IQ in all cases of meningitis (i.e. left shift of entire
distribution of 1Q scores). Linearity of association between exposure to meningitis and the
outcome of total 1Q score was examined by including a quadratic term (square of 1Q score)
within the linear regression model.
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We calculated the relative risk or risk ratio (RR) for psychotic experiences at age 13 years in
the meningitis-exposed, compared with the unexposed group. Age at the time of assessment
psychotic experiences (in days), sex, ethnicity, social class and childhood 1Q were included
as potential confounders.

RESULTS

In the first 18 months of life, 67 children were reported to have suffered from meningitis out
of the total 11,035 (0.61%). Table 1 presents baseline characteristics of children exposed
and unexposed to meningitis.

Neurocognitive and educational performance at ages 9 to 11 years

General Intelligence—Analysis of meningitis and 1Q was based on 6,525 individuals
(after excluding those with special educational needs): 31 exposed to meningitis (46% of all
children exposed to meningitis) and 6,494 unexposed (59% of all children unexposed to
meningitis. Children exposed to meningitis performed worse on all measures of 1Q
compared with the unexposed (Table 2). Mean differences between groups were slightly
attenuated after adjusting for age at the time of 1Q testing, sex, social class and ethnicity;
however, still remained significant for full scale 1Q.

Memory, reading and spelling abilities—Compared with the unexposed, children
exposed to meningitis performed worse on all measures. Mean difference between groups
were slightly attenuated after adjusting for potential confounders, although still remained
significant for working memory and reading ability (Table 2).

Distribution of IQ scores between those with and without meningitis—
Compared with the unexposed, the proportion of children exposed to meningitis gradually
decreased with increasing 1Q (Figure 2). Overall the association between 1Q and meningitis
was non-linear (regression coefficient for the quadratic term=0.005; SE <0.001; p <0.001).

Psychological and behavioural problems, depressive and anxiety symptoms at ages 10 to
11 years

Median values of total SDQ and SMFQ score at ages 10 to 11 years were higher in the
meningitis, compared with the unexposed group (Table 3).

Risk of psychotic experiences at age 13 years

Data on both meningitis and PE were available for 5,274 individuals; 21 exposed to
meningitis. In the meningitis group, 6 (28.6%) reported PE at age 13 years compared with
676 (12.9%) in the unexposed group. This equated to over two-fold increased risk of PE at
age 13 years in the meningitis, compared with the unexposed group. Adjusting for age at the
time of assessment of PE, sex, social class, ethnicity and total 1Q at age 9 years had minimal
influence on the risk ratios (Table 4).
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DISCUSSION

To our knowledge, this is the first study to focus exclusively on meningitis survivors without
serious neurologic complications. We have examined a variety of neurocognitive,
educational and behavioural outcomes in a general population birth cohort. The findings
demonstrate that meningitis in the first 18 months of life is associated with deficits in
childhood 1Q, working memory, and reading ability in exposed individuals who are
apparently healthy. As well as higher scores on measures for psychological problems,
depression or anxiety, meningitis-exposed children are twice as likely to report psychotic
experiences in early adolescence, compared with the unexposed. None of the 31 meningitis
survivors included in this study was noted to have any special educational needs. It has been
reported that risk of major sequelae from meningitis is higher in children aged less than five
years compared with those aged five years or more (13). Thus, survivors of early-life
meningitis included in our analyses would be considered to have ‘good outcome’ from the
illness by most standards. Even in this group, we show significant deficits in neurocognitive
and educational domains to be present, as well as higher psychological and behavioural
manifestations on 8 to 12 years follow-up.

These findings have important implications. Intelligence and memory deficits would
interfere with a child’s academic achievement. This is reflected by poor reading ability
among children with a history of meningitis in our sample. Compared with their same age
peers who did not have meningitis, many meningitis-exposed children have long-term
neurocognitive deficits although they are by and large within the normal range of intellectual
ability. Therefore, awareness and attention within family and school are necessary to enable
these children to reach their full academic potential. Meningitis is a leading cause of
disability (32), which is associated with an annual 9.8 million DALY's worldwide according
to the WHO (4). Estimation of the burden of meningitis has most commonly involved data
on mortality and, in some cases, the cost of disability from serious complications (33, 34).
However, there is little data on the indirect cost of long-term so called ‘soft-neurological’
impairments reported in this study. The findings suggest loss of productivity as a result of
cognitive or educational deficits in survivors of meningitis who are apparently healthy might
be considerable.

To our knowledge, this is the first study to examine the association between adolescent PE
and early-life meningitis. Population-based longitudinal studies suggest children who report
PE are 12-16 times more likely to develop a psychotic disorder that resembles schizophrenia
by early adulthood (35, 36). Childhood meningitis has been also linked with the risk of adult
schizophrenia (37). Higher risk of depressive and anxiety symptoms among meningitis
survivors is consistent with previous studies (11, 12). Childhood psychological and
behavioural problems are associated with an increased risk of depression in adult life (38).
Thus, individuals exposed to meningitis in the early-life may have a high burden of
neuropsychiatric disorders in adulthood.

Limitations of the study include the use of parent report at 18 months as a means for
determining exposure to meningitis. Reliability of parent-report data on meningitis is
unknown. We did not have access to hospital records so cross-validation of parent reported
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data were not possible including sensitivity and specificity of reporting. However,
meningitis is a serious illness requiring urgent medical intervention. Therefore, the diagnosis
of meningitis would have been made by a clinician. It is also unlikely that a parent would
forget such a recent major event. Therefore, it is likely that children who were reported by
their parents to have suffered from meningitis in deed had the illness. As this information
was collected prospectively this also minimizes any chance of recall bias.

There are differences in the causative organisms and covariates for neonatal and childhood
meningitis. Lack of detailed clinical information precluded any comment on the causative
agent for meningitis. In the future studies should include detailed information on the
causative agents and covariates from hospital records. Neurologic outcomes of childhood
bacterial meningitis are worse than aseptic meningitis. The bimodal distribution of 1Q scores
may reflect different types of meningitis (Figure 2). Regardless of specific causes for
meningitis, the findings suggest that survivors of early-life meningitis, who are apparently
neurologically well, as a group, show long-term difficulties in various neurocognitive and
educational domains as well as increased risk of psychological and behavioural problems.
This is an important message.

It is likely that the small number of children with meningitis has contributed to low
statistical power. Meningitis-exposed children performed worse on all domains compared
with the unexposed, but the difference was not statistically significant for some of the
cognitive and behavioural tasks. However, it is worth noting that the direction of association
was consistent for all domains, i.e. meningitis-exposed group performed worse than the
unexposed group. Another potential limitation is bias due to attrition. Data on cognitive and
educational outcomes were available for 31 out of 67 children with meningitis. If
meningitis-exposed children who did not attend neurocognitive assessments had a more
favorable outcome, such as higher 1Q, this would lead to spurious over-estimation of the 1Q
deficit in meningitis-exposed group in our analysis. However, there was no reason to believe
that this was the case. Individuals from lower social classes were over-represented in the
missing sample. In the ALPAC cohort, lower social class was associated with the lower 1Q,
higher risk of psychotic experiences, and, overall, poorer health outcomes. Thus, it is more
likely that those who developed more severe adverse sequelae from meningitis were absent
from follow up. This assumption is consistent with the observation that none of the
meningitis-exposed children included in our sample was noted to have any special
educational needs at age 9 years.

In summary, we report that survivors of early-life meningitis without serious complications,
as a group, show deficits in a range of neurocognitive domains, experience more
psychological and behavioural issues including increased risk of psychotic experiences in
childhood and early-adolescence. Further studies on this population involving larger samples
and longer follow-up are necessary. Studies that focus only on serious complications may
under-estimate the true burden of meningitis. Findings from this study are consistent with a
substantial long-term health and economic impact of early-life meningitis among survivors
who are apparently healthy.
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11,035 completed questionnaire on
meningitis at 18 months
(Total exposed to meningitis=67)

|

7,439 completed assessments for
special educational needs at 9 years
(exposed to meningitis=31)

63 children with special
> educational needs

" excluded (exposed to
6,525 completed assessments for I1Q meningitis=0)

and short-term memory at 9 years
(exposed to meningitis=31)

!

5,651 and 5,921 completed SDQ, and
reading and spelling tasks, respectively,
at age 10 years (meningitis=27)

5,696 and 5,414 completed MFQ, and
working memory task, respectively, at
age 11 years (meningitis=25)

L

5,274 completed assessment for
psychotic experiences at age 13 years
(meningitis=21)

SDAQ-= Strengths and Difficulties Questionnaire
MFQ= Mood and Feelings Questionnaire

Figure 1. Flow chart of participantsin the study of early-life meningitisin the AL SPAC cohort
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- Dashed line: meningitis Solid line: unexposed
(N= 31) (N=6494)
Mean 1Q 97 (SD 20) Mean 1Q 105 (SD 16)

Figure 2. Distribution of total 1 Q scoresat age 9 years between groups exposed and unexposed to
meningitisin the ALSPAC cohort
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Table 1
Baseline characteristics of those exposed and unexposed to early-life meningitisin the
AL SPAC cohort

Group characteristics Meningitisgroup  Unexposed group  y2 statistic; p-value

Number 67 10,968 -
Mean age (SD) in yearsT ~ 12.82 (0.16) 12.88 (0.23) 1.87;0.18%
Male (%) 64.2 51.6 4.24;0.03
British White (%) 98.3 97.9 2.05;0.97
Social class (%) 11.65; 0.07
1 40 11.6
I 300 35.1
111 non manual 6.0 11.3
Il manual  36.0 30.1
IV 20.0 9.0
VvV 40 2.7

TMean age at the time of assessment of psychotic experiences

iIndependen’( sample t-test statistic and p value
XZ: Chi-squared

SD= Standard deviation
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Table 2
Childhood neur ocognitive performance and educational abilities between those exposed

and unexposed to early-life meningitisin the AL SPAC cohort

Cognitive ability and ~ Meningitisgroup Unexposed group Mean difference (95% CI) between
aver age age of testing groups

n Mean (SD) n Mean (SD) Unadjusted Adjusted
Age 9 years
Total 1Q 31 97.32(20.39) 6494 104.68 (16.29) 7.36 (1.60- 13.11)  6.28 (0.19- 12.37)
Verbal 1Q 31 101.09(18.90) 6522 107.60(16.62) 6.50(0.63-12.37) 5.91 (-0.03- 12.12)
Performance 1Q 31 93.58(20.15) 6511 100.11 (16.92) 6.52 (0.55- 12.50) 5.02 (-1.38- 11.44)
Short-term memory 31 9.25(3.59) 6467 10.38 (3.07) 1.13(0.05-2.22)  1.07 (=0.09- 2.24)
Age 10 years
Reading 27 6.89 (2.83) 5894  7.64 (2.37) 0.74 (-0.15- 1.64)  0.46 (-0.49- 1.40)
Non-word reading 27 426 (1.91) 5888  5.32(2.47) 1.05(0.12-1.99)  1.01 (0.01- 2.02)
Spelling 27 9.18(3.18) 5883  10.37 (3.38) 1.19 (-0.08-2.47)  0.59 (=0.75- 1.94)
Age 11 years
Working memory 28 3.03(0.99) 5386  3.43 (0.85) 0.40 (0.09-0.72)  0.37 (0.02- 0.71)

SD= Standard deviation

Cl= Confidence interval

Adjusted analyses included age at the time of testing, sex, social class and ethnicity as potential confounders
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Table 3
Childhood psychological and behavioural problems, depressive and anxiety symptoms
between those exposed and unexposed to early-life meningitisin ALSPAC

Test score and age Meningitisgroup  Unexposed p-vaJueT
group

SDQ score at age 10 years

Total number 27 5625

Median (IQR) 6.00 (5.00- 11.00)  6.00 (3.00- 9.00)  0.09

SMFQ score at age 11 years

Total number 25 5671

Median (IQR) 5.00 (3.00-6.50)  3.00 (1.00- 6.00)  0.02

TDistributions of SDQ and SMFQ scores were compared between meningitis exposed and unexposed groups by the independent sample Kruskal-
Wallis test

SDQ= Strengths and difficulties questionnaire
SMFQ-= Short version of the Mood and feelings questionnaire

IQR= Interquartile range
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Table 4
Early-life meningitisand risk of psychotic experiences (PE) at age 13 yearsin the
AL SPAC cohort
Adjustment for confounding Sample Risk ratio (95% CI) for PE
Unadjusted 5274 2.22 (1.12-4.38)
Age at assessment of PE 5274 2.24 (1.13-4.42)
Sex 5274 2.19(1.11-4.32)
Social class 4818 2.01 (0.95-4.27)
Ethnicity 5172 1.94 (0.91-4.17)
Total 1Q at age 9 years 5222 2.32(1.18-4.58)

Age, sex, social class, ethnicity, and 1Q 4760 2.09 (0.98- 4.46)

PE= Psychotic experiences

Cl= Confidence interval
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