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Abstract Meningitis, an inflammation of the meninges
often caused by bacterial or viral infections, can lead to
significant neurocognitive sequelae in children, even after
adequate treatment. This study aims to assess the medium-
and long-term neurocognitive influences in children who
have recovered from meningitis, focusing on memory,
attention, executive functions, and academic performance.
The study involved 100 children aged 6 to 12 who had
recovered from confirmed bacterial or viral meningitis
within the last three years. Neurocognitive assessments
were conducted using the fifth edition of the Wechsler
Intelligence Scale for Children (WISC-V). To complement
these measures, parental questionnaires were used to obtain
information on children's behavioral, emotional, and
academic functioning. The study highlighted significant
neurocognitive challenges in children recovering from
meningitis, with working memory being a notable area of
concern. Specifically, 40% of participants showed
moderate to severe deficits, as identified through WISC-V
assessments. Attention: 30% of children exhibited a
reduced attention span, which affected their ability to
concentrate on tasks. Executive functions: Half of the
cohort suffered from disorders affecting planning and

cognitive flexibility, which are essential for problem-
solving and adaptation. School performance: Children with
prolonged hospitalizations (more than 10 days),
particularly  those following bacterial meningitis,
demonstrated significantly lower performance in math and
reading, underscoring the long-term educational impact of
severe cases. Personalized rehabilitation programs and
increased awareness are essential to mitigating long-term
consequences. In resource-limited contexts, such as
Morocco, strengthening follow-up infrastructure and
vaccination campaigns is crucial for improving the quality
of life and educational outcomes for affected children.

Keywords Meningitis, Working Memory, Executive
Functions, WISC

1. Introduction

Meningitis, defined as inflammation of the meninges, is
a major medical emergency with potentially serious
consequences, particularly in children. Although advances
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in prevention, such as vaccination, and improvements in
antibiotic and antiviral treatments have significantly
increased survival rates, neurocognitive sequels remain a
worrying issue.

Even after apparent clinical recovery, meningitis can still
impair essential cognitive functions, including memory,
attention, and executive functions. These deficits directly
impact children's academic and social development,
resulting in learning difficulties and a reduced quality of
life in the long term. Several factors can exacerbate these
problems, including the length of the hospital stay, the
severity of the infection, and the type of meningitis
(bacterial or viral) [1].

Bacterial meningitis had a mean Intelligence Quotient
(1Q) lower than controls, with a value of 5.50 points. This
effect was particularly pronounced in meningitis caused by
Neisseria meningitidis and Haemophilus influenzae, but
had no significant impact on the cognitive aspects of viral
meningitis [2].

Likewise, developmental delays were reported, with a
mean delay of approximately 0.5 standard deviations for
cases of bacterial meningitis [3] in rat pneumococcal
meningitis models, where adjuvant therapies were
combined with limited brain damage, resulting in improved
learning and memory performance. This indicates that
targeted therapeutic approaches may help attenuate specific
meningitis-related cognitive deficits [4].

Through event-related potential studies [5], authors
found that children with this history of pneumococcal
meningitis had deficits in learning difficulties, cognitive
slowness, and short-term memory. Following meningitis,
neuroinflammation and microglial activation have been
linked to cognitive deficits. Both neuroinflammation and
cognitive decline precede further neuronal insults, as
demonstrated by PET imaging in a cohort study utilizing
animal models [6]. Studies using PET imaging in Animal
Models found that neuroinflammation precedes cognitive
decline, suggesting a potential target for therapeutic
intervention [7].

The importance of macrophage migration inhibitory
factor (MIF) in predicting long-term cognitive impairment
was also emphasized, with elevated levels of MIF during
acute disease being associated with worse cognitive
outcomes [7]. The cognitive function of children with
meningitis has been assessed with the P300 wave, a
neurophysiological marker. The persistence of latencies
and amplitude abnormalities in the P300 wave in many
children reflected their chronic neurophysiological
impairment [8]. The impact of viral meningitis on cognitive
functions appears to be less severe than that of bacterial
meningitis. The differences in cognitive outcomes may
vary depending on the type of meningitis, the age at which
the child is affected, and the child's genotype. Moreover,
the potential of therapeutic approaches to attenuate the
cognitive deficits caused by seizures holds promise for
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improving outcomes for these children.

Bacterial meningitis is associated with notable declines
in 1Q, with survivors experiencing an average reduction of
approximately 5 points compared to healthy controls. This
reduction is particularly concerning given that survivors of
bacterial meningitis were found to be five times more likely
to exhibit intellectual impairment (defined as an 1Q of less
than 70) than their non-affected peers [9]. Furthermore, a
consistent pattern of developmental delay (DD) is observed
across various bacterial causes, with a deficit of
approximately 0.5 standard deviations in younger survivors.
Additionally, these effects have implications for
educational attainment and health outcomes among
survivors of bacterial meningitis, suggesting that those with
lower 1Qs or moderate to severe intellectual impairments
are likely to face significant challenges in these areas. Thus,
the necessity for routine cognitive screening and
developmental assessments for children who have survived
bacterial meningitis highlights the potential for early
intervention to mitigate long-term adverse effects [9].

There is a correlation between late diagnosis of
meningitis and poorer clinical outcomes. Furthermore,
Streptococcus pneumoniae was identified as a predominant
pathogen associated with increased clinical severity in
meningitis cases. This finding is particularly relevant as it
underscores the need for targeted preventive measures and
timely treatment protocols to address this bacterium [10].

In this context, it is crucial to better assess the
neurocognitive impact over the medium and long term to
identify the specific needs of the children concerned. This
study focuses on the situation of children in Morocco,
particularly in and around Kénitra, where available data on
this subject remains limited. The primary objective is to
identify persistent neurocognitive deficits and propose
practical strategies for their rehabilitation and support.

2. Materials and Methods

The study included 100 children (60 boys and 40 girls)
aged 6 to 12 who had recovered from confirmed meningitis
(viral or bacterial) within the previous three years. Children
with pre-existing neurodevelopmental disorders or
significant comorbidities unrelated to meningitis were
excluded. Working memory was assessed using the WISC-
V, which measures both short-term memory and the active
manipulation of information. Attention and executive
functions, including inhibitory control and cognitive
flexibility, were evaluated through specific tasks such as
the Stroop Test and the Trail Making Test.

Processing speed was also measured using the WISC-V,
particularly through the Coding and Symbol Search
subtests, which assess the speed and efficiency of visual
information processing. Scores from the different
assessments were first obtained as raw scores, then
converted into standard scores and percentile ranks.
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Figure 1. Qualitative representation of standard scores in a cognitive profile

This scoring process enabled the development of an
individualized, qualitative cognitive profile, highlighting
both cognitive strengths and areas of difficulty. Academic
performance in mathematics and one of the following
languages (French or Arabic) was assessed through a
structured, quantitative evaluation designed to document
the level of academic skill acquisition objectively.

The  statistical ~ methodology  followed  two
complementary approaches: a qualitative descriptive
approach, aiming to define the cognitive and educational
profiles of each participant through individual performance
analysis and clinical observation; and an analytical
approach, using statistical tools such as Pearson’s
correlation coefficients and Student’s t-tests to examine the
relationships between cognitive and academic variables,

and to identify significant associations between
neurocognitive functioning and school performance
(Figure 1).

3. Results

3.1. Observed Cognitive Deficits

Based on the qualitative interpretation of raw scores, the
data were transformed into cognitive profiles, allowing for
a more nuanced understanding of each child's functioning.
Analysis revealed that 40% of children exhibited moderate
to severe deficits in working memory, reflecting difficulties
in retaining and manipulating information over short
periods. Sustained attention was reduced in 30% of the
sample, with notable challenges in maintaining focus
during prolonged tasks. In terms of executive functions,
50% of children showed impairments in planning and
cognitive flexibility, indicating difficulties in adapting to
changing tasks and organizing goal-directed behavior
(Figure 2).

3.2. Academic Skills Based on Length of
Hospitalization

The prolonged duration of hospitalization is often
associated with bacterial infections, such as bacterial
meningitis, which can have more severe neurocognitive
effects. This infection directly affects the brain, leading to
neurological complications that can impact academic
performance.

In this context, prolonged hospitalization is not merely
an isolated factor but rather an indicator of the severity of
the infection. Severe bacterial infections, such as
meningitis, often lead to more severe brain inflammation
and neurological complications that disrupt cognitive
functions, working memory, reduced sustained attention,
and executive functions. These cerebral alterations can, in
turn, impair children’s ability to learn and perform
academically, explaining the decline in performance
observed in the diagram (Figure 3).

Thus, rather than viewing the length of hospitalization as
a direct cause of reduced academic performance, it would
be more accurate to see it as an indirect factor reflecting the
severity of the pathology, especially when the infection is
bacterial. This highlights the importance of closely
monitoring the neurocognitive status of children after
prolonged hospitalization, particularly in cases of bacterial
meningitis, and implementing appropriate interventions to
mitigate the cognitive repercussions associated with this
specific form of meningitis.

3.3. Associated Factors

Type of meningitis: Deficits were more pronounced in
children with bacterial meningitis.

Duration of hospitalization: Prolonged hospitalization
(>10 days) was correlated with lower scores in all assessed
areas (Figure 4).
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3.4. Significant Statistical Correlations

Firstly: Length of hospital stay and working memory. A
significant negative correlation was found between the
length of hospital stay and working memory performance,
with a correlation coefficient of r = -0.60 and a p-value of
less than 0.01. This suggests that prolonged hospital stays
are associated with a decline in children's ability to
manipulate and retain short-term information. The results
suggest that prolonged hospital stays may impair the neural
mechanisms underlying working memory, leading to
difficulties with tasks that require children to temporarily
maintain and process information. These impairments can
have long-term consequences for academic performance
and cognitive development, underscoring the importance
of minimizing hospital stays whenever possible.

Secondly, Length of hospital stay and sustained attention.

A significant negative correlation was also observed
between the length of hospital stay and sustained attention,
with a correlation coefficient of r = -0.50 and a p-value of
less than 0.02. This indicates prolonged hospitalization
harms children's ability to focus on tasks for long periods.
Maintaining attention is crucial for success at school and in
everyday tasks.

3.5. Type of Meningitis and Academic Performance in
Mathematics

The test statistic: t = -3.3, p-value: < 0.01. Interpretation:
A significant difference was found in academic
performance in mathematics between children recovering
from bacterial meningitis and those recovering from viral
meningitis. Specifically, children recovering from bacterial
meningitis performed worse in mathematics than their
counterparts with viral meningitis. This suggests that
bacterial meningitis may have a more detrimental impact
on cognitive skills, including mathematical skills. Type of
Meningitis and Academic Performance in Reading Test
statistic: t = -2.9, p-value: < 0.01. A significant difference
was also found between children recovering from bacterial
meningitis and those recovering from viral meningitis.
Children who recovered from bacterial meningitis scored
lower in reading than those recovering from viral
meningitis. This suggests bacterial meningitis has a more
significant adverse effect on reading abilities.

Cognitive Deficits and Academic Performance in
Mathematics Correlation coefficient: r = 0.70, p-value: <
0.001. A strong positive correlation was observed between
the severity of cognitive deficits and academic
performance in mathematics. This suggests that children
with more severe cognitive deficits tend to exhibit lower
performance in mathematics, underscoring the substantial
impact of cognitive challenges on mathematical abilities.

Cognitive Deficits and Academic Performance in
Reading Correlation coefficient: r = 0.66, p-value: < 0.002.
Interpretation: A significant positive correlation was found
between cognitive deficits and reading performance.

Higher cognitive deficits were associated with poorer
reading scores, indicating that cognitive impairments
significantly impact reading abilities. And Post-Recovery
Duration and Executive Functions Correlation coefficient:
r = 0.30; p-value: < 0.04; A moderate but significant
positive correlation was observed between recovery
duration and executive functions. This indicates a gradual
improvement in executive functions after recovery from
meningitis. It suggests that while the recovery period might
initially be challenging, there is potential for improvement
in executive cognitive skills as time progresses. These
correlations ~ demonstrate  statistically  significant
relationships between key variables, such as the type of
meningitis, duration of hospitalization, cognitive deficits,
and academic performance. The findings suggest that
bacterial meningitis, prolonged hospitalization, and more
severe cognitive deficits are strongly associated with
poorer educational outcomes in both mathematics and
reading. Additionally, there is evidence of improvement in
executive functions as children recover over time. These
results underscore the importance of early interventions
and tailored support programs in addressing children's
cognitive and academic challenges in recovering from this
type of meningitis.

4. Discussion

The results of this study highlight the significant impact
of meningitis on children's neurocognitive development.
The deficits observed in executive functions, memory, and
academic skills confirm previous research findings,
emphasizing the importance of a multidimensional
approach to understanding these sequelae. Notably,
children who suffered from bacterial meningitis appear to
be more vulnerable, consistent with the observations of
Zainel et al. [11], who demonstrated that bacterial
meningitis leads to an increased risk of permanent
neurological damage due to more severe inflammation and
brain injury compared to viral meningitis.

Executive functions, including planning, cognitive
flexibility, and problem-solving, are often the most
affected. This observation aligns with the conclusions of
Grimwood [12], who found similar deficits in children who
survived meningitis, with marked impairments in
managing complex tasks. These disorders may be
attributed to damage to the frontal brain structures, which
are often involved in regulating executive functions.

Working memory is also significantly impaired, with
nearly 45% of children showing moderate to severe deficits
in this study. These results align with the work of Hofer et
al. [13], who emphasized that damage to the hippocampal
regions during bacterial meningitis contributes to memory
disturbances. Such deficits can have lasting impacts on
school learning, as the ability to retain and manipulate
information is essential for acquiring new knowledge.

Academic skills and lower performance in reading and
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mathematics reflect the prolonged cognitive and behavioral
impacts observed in other studies. For example, Grimwood
et al. [14] reported reduced academic performance in
children who survived meningitis due to a combination of
factors such as cognitive disorders, prolonged absences
from school, and lack of appropriate support. These
difficulties are particularly pronounced in disadvantaged
socioeconomic contexts, where access to rehabilitation
services is limited.

As highlighted in this study, the importance of prolonged
follow-up and early interventions is also supported by the
recommendations of van de Beek et al. [15], who stress the
integration of neuropsychology into post-meningitis care.
Cognitive rehabilitation programs focusing on memory and
executive functions have proven effective in reducing long-
term sequelae and improving educational outcomes.

Finally, in the Moroccan context, particularly in regions
such as Kénitra, additional challenges include the lack of
local epidemiological data and limited resources for
monitoring children after their recovery. A comparison
with studies conducted in high-income countries, such as
those by Connolly et al. [16,17], reveals a stark contrast in
access to follow-up and rehabilitation services,
highlighting the urgency of developing appropriate
infrastructure in these areas.

This study's results align with a global trend while
emphasizing local specificities. The data reinforce the need
for international and contextualized strategies to mitigate
the neurocognitive impacts of meningitis, with particular
attention to vulnerable children, especially in regions with
limited medical and educational resources.

4.1. Multidisciplinary Follow-up

Follow-up care for children who have recovered from
meningitis requires close collaboration among various
healthcare and education professionals. This follow-up
should include regular consultations with pediatricians to
monitor residual medical complications,
neuropsychologists to assess and address cognitive deficits,
and teachers or educational counselors to adapt learning
methods according to each child’s needs. The primary goal
is to ensure continuous evaluation of cognitive and
academic abilities, enabling the early detection of emerging
difficulties and facilitating proactive  responses.
Additionally, interdisciplinary coordination platforms can
facilitate communication among stakeholders, thus
optimizing the effectiveness of interventions.

4.2. Personalized Rehabilitation Programs

Rehabilitation programs should be tailored to the
specific deficits identified in each child. For example, for
children with memory impairments, therapies based on
memory games or progressive retention exercises can be
implemented. Specialized programs, such as child-
appropriate meditation or mindfulness-based techniques,
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can target attention deficits. In the school environment,
personalized teaching plans should be developed, with
adjustments such as extended deadlines for assessments or
individualized educational support. These interventions can
enhance learning effectiveness when combined with digital
tools or educational apps.

4.3. Parental Support

Parents play a central role in rehabilitation and must be
fully involved. Educational workshops could provide them
with information on the neurocognitive impacts of
meningitis and strategies to support their child’s
development. Resources such as practical guides,
explanatory videos, or online platforms can help them
understand and manage their child's challenges.
Furthermore, emotional support for parents is crucial, as
the stress of caring for a child with specific needs can
impact family dynamics. Support groups or consultations
with family psychologists can address these needs.

4.4. Awareness and Prevention

Strengthening vaccination campaigns is a priority to
prevent meningitis cases, particularly in rural or under-
resourced areas, such as some regions around Kénitra.
These campaigns should include community awareness
initiatives that highlight the benefits of vaccination and
debunk  misconceptions.  School and community
interventions can also inform families about the early signs
of meningitis and the importance of prompt treatment.

Additionally, greater awareness of long-term sequelae
can encourage families to seek medical follow-up even after
clinical recovery, thereby reducing the risks of unaddressed
neurocognitive complications.

In conclusion, these recommendations emphasize the
need for a comprehensive and integrated approach tailored
to children's individual needs and the specificities of local
contexts.

Such an approach, focusing on prevention, rehabilitation,
and education, could significantly improve the outcomes of
children who have recovered from meningitis, helping
them overcome their deficits and thrive in their daily and
academic lives.

5. Conclusions

This study underscores the crucial importance of
comprehensive and ongoing care for children who have
recovered from meningitis. The results indicate that even
after apparent recovery, these children may continue to
experience persistent neurocognitive deficits, particularly
in key areas such as memory, attention, executive functions,
and academic skills. These deficits can profoundly impact
their quality of life, particularly in terms of schooling and
social interaction. Therefore, adopting a long-term follow-
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up approach that includes medical care, psychological
interventions, and adaptations to the educational path is
essential.

Early identification of neurocognitive disorders,
conducted by a multidisciplinary team, is essential for
implementing targeted and appropriate intervention
strategies. Personalized follow-up, which involves regular
re-evaluations and adjustments to interventions based on
each child's changing needs, is a key factor in reducing
cognitive sequelae. Furthermore, integrating these children
into adapted school programs, supported by family
assistance, is vital in helping them overcome challenges
related to their previous health condition and achieve their
full potential.

The findings of this study confirm that the care of
children who have recovered from meningitis must be
holistic, addressing not only medical aspects but also
educational, social, and psychological ones. In this sense,
the recommendations made in this study emphasize the
importance of coordinated action among healthcare
professionals, educators, and families.

Such an approach can improve not only the quality of life
for these children but also their academic and social
prospects, offering them the opportunity to lead a fulfilling
and productive life despite the post-meningitis
neurocognitive challenges.

Ultimately, the results and recommendations of this
study should encourage public health authorities to invest
more in awareness, prevention, and the establishment of
effective rehabilitation systems. Only by strengthening
local infrastructure, particularly in regions like Kénitra, can
we provide these children with the best opportunities to
fully reintegrate into society and achieve their educational
and social goals.
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