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Abstract
The present systematic review aims to investigate the impact of meningitis on the cognitive skills and 
development of children. In this systematic review, relevant studies were identified via searches through 
medical information databases of MEDLINE, PubMed, ISI, EMBASE, Cochrane with the keywords of 
Meningitis, Meningitis and Complications, Meningitis and Children, Meningitis and Intelligence Quotient 
(IQ), Meningitis and Development, and their derivatives. In this study, amongst 198 articles reviewed, 
11 articles met the inclusion criteria. All studies, except one case, reported a decrease in growth and IQ 
in children who experienced meningitis. Based on the results of the present study, children who have 
experienced meningitis at a younger age are more prone to disability, growth retardation, and lower IQ than 
other children throughout the later years of their life.
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 Introduction

Meningitis is the inflammation of the meninges or 
protective membranes that surround the brain and spinal 
cord (1, 2). The disease is usually caused by a bacterial or 
viral infection or, rarely, a fungal infection (1, 3). In the 
bacterial type, the three main pathogens are Streptococcus 
pneumoniae, Haemophilus influenzae and Neisseria 
meningitidis (4) and in the viral type, enteroviruses, 
human parechoviruses and Chikungunya viruses are 
the causative agents of the disease (5). Mortality rate in 
viral meningitis is very low and most patients recover, 
but in bacterial meningitis, depending on the type 
of bacterium, it could kill 10% to 25% if left without 
appropriate treatment. Also, depending on the patient’s 
age, underlying disease, and surgery on the nervous 

system, different bacteria cause different symptoms in 
the patient. Bacterial meningitis is contagious and is 
caused by a specific bacterial infection that could be 
fatal if left untreated the number of leukocytes, cognitive 
impairment and infection with Streptococcus pneumonia 
were collected as prognostic factors in adults with 
bacterial meningitis. Meningitis, if left untreated, can 
lead to serious complications and even death. Therefore, 
early and accurate diagnosis is one of the research 
priorities of this disease. There are many methods 
available, such as examining the patient’s clinical 
symptoms, performing MRI and CT scans, biochemical 
blood tests, and examining the cerebrospinal fluid (6). 
Meningitis is a serious and dangerous disease that usually 
occurs quickly and unexpectedly. Although the disease 
affects different ages, the highest risk is for infants and 
young children (1). In children, the peak age of meningitis 
is 6 to 12 months, and 90% of cases occur in children 
under 5 years (7). The mortality rate of this disease is 
2% in children and 20 to 30% in infants (8, 9). Symptoms 
of meningitis include fever, headache, refusal to eat or 
vomit, skin blemishes, drowsiness, photosensitivity, and 
neck spasms (10, 11). Pediatric imaging is one of the most 
indication of procedural sedation and analgesia. In the 
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pediatric patient, performing CT scan is stressful and 
leads to increased mental stress, absence of cooperation 
with the staff, restlessness, and anxiety in the patient 
(12). However, any child with suspected meningitis and 
seizures should have an LP. All suspected children 
with meningitis must be closely monitored, whether 
LP or experimental treatment (6). Many pharmacologic 
and non-pharmacologic strategies to manage pain 
exist for pediatric pain treatment. Pharmacological and 
integrative non-pharmacological therapies has been 
indicated in acute and chronic pain treatment (13). The 
results showed that both pharmacological and non-
pharmacological treatment methods in relieving and 
reducing pain and anxiety in a wide range of pediatric 
diseases (such as respiratory tract infections, burns, 
surgery, dental restorations) are effective (14). Although 
the clinical symptoms of most children who survive 
meningitis subside within a few weeks, some can lead 
to severe disorders such as cranial nerve dysfunction, 
hemiplegia, ataxia, hydrocephalus, physical disability, 
mental retardation, seizures, and visual and hearing 
impairments (15, 16). Overall intelligence, measured by 
IQ, is one of the most powerful predictors of a person’s 
future life, material well-being, and mental health. Even 
small deficiencies in intelligence affected by meningitis 
could impair a person’s chances of survival and academic 
achievement (17). Christie et al., In a systematic review 
of the effect of meningitis on children’s IQ and growth, 
reported that survival from bacterial meningitis had an 
adverse effect on children’s IQ and growth, while viral 
meningitis had no significant cognitive effects (17). The 
present systematic review also tries to investigate the 
effect of meningitis on IQ and development of children.

Materials and Methods

In this systematic review, relevant studies were 
identified via searches through medical information 
databases of MEDLINE, PubMed, ISI, EMBASE, 
Cochrane with the keywords of Meningitis, Meningitis 
and Complications, Meningitis and Children, Meningitis 
and Intelligence Quotient (IQ), Meningitis and 
Development, and their derivatives. The references in all 
articles found during the search process were evaluated, 
in order to include other possible sources in the study. 
Then, by studying the abstracts, the studies that were 
completely unrelated to the objective of this research 
were removed and the studies that were completely 

relevant or possibly related were recorded; also, by 
examining the full text of the articles, the articles that 
were completely relevant to the purpose of this research 
were selected. In the last stage, among the selected 
articles and based on the criteria of critical evaluation, 
the articles that had the inclusion criteria of the study 
were selected. It should be noted that all stages of 
evaluating the quality of articles were performed by two 
independent researchers.

Inclusion criteria: Laboratory meningitis proven to 
be caused by any infection (bacterial, viral or fungal), 
studies in which the results and consequences or 
complications of meningitis other than death or acute 
complications were evaluated, Time scale: Results or 
follow-ups reported 1 month after meningitis, Type of 
studies used: Prospective, retrospective, and case-control 
studies or cross-sectional studies on the consequences of 
meningitis, which were written in English, were used. 
Also, the articles in which the IQ or growth age or stage 
of development of the infant were evaluated using valid 
tools, were included in the present study; In this regard, 
Intelligence was considered as the average of full-
scale IQ, Performance IQ (PIQ) or Verbal IQ (VIQ) as 
standard scores (mean = 100, SD = 15) or Ratios with low 
IQ (less than 70, i.e. 2 standard deviations (SD) below 
average), and Infant development was also considered as 
the desired result in growth performance in movements, 
language, or cognitive domains compared to standard 
data and DD measurements. Exclusion criteria: Studies 
in which acute complications were evaluated only 1 
month after the onset of disease, were excluded. Articles 
published before 1955; Articles published in languages ​​
other than English; Articles about meningitis in people 
with the suppressed or weakened immune system. 
Screening and Data Extraction: Two trained authors 
performed search strategies. In the first stage, the titles 
and abstracts were reviewed for the selection of articles; 
in the next stage, the two authors independently reviewed 
the full text of the articles. Differences in findings 
were resolved through the criterion method of general 
conclusion of articles and were organized in this study.

Findings

In this study, 198 articles were reviewed. After 
removing 41 duplicates, 157 titles and abstracts were 
reviewed for content validity. After excluding 84 articles 
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due to content mismatch and differences in variables, 73 articles were registered (Figure 1). 

Figure 1: Diagram of the process of review and selection of articles  

Finally, 11 articles that met the inclusion criteria 
were selected, of which 4 articles were prospective 
cohort, 1 article was prospective, 1 article was a cohort 
study, 2 articles were retrospective cohort study, and in 3 
articles the type of experiment was not specified. 

All studies, except one case, reported a decrease in 
growth and IQ in children who experienced meningitis. 
Also, hearing loss or impairment in 36%, visual 
problems and blindness in 18% of cases, reduced ability 
to read and write in 18%, speech and language problems 
in 18%, neurological complications in 36%, seizures in 
27%, Hydrocephalus in 9%, decreased mobility in 18%, 
cranial nerve palsy in 27%, and disability in 36% of 
these articles was reported.

Discussion

Meningitis affects different aspects of children’s 
development. Taylor et al. have reported that these 

children have poorer reading skills and need special 
supportive training; They also stated that the outcome 
of the disease is affected by the age and sex of the 
child and the socio-economic status of the family (18). 
In general, children with meningitis are at higher risk 
for disability, and these disabilities could include mild 
to moderate hearing loss and neurological or central 
auditory impairment, which adversely affects a child’s 
learning, academic performance, and behavior (19). 
Compared to control groups, these children showed 
significantly poorer results in the evaluations of 
intelligence and high-level neuropsychological skills 
and had more behavioral differences at home and at 
school. In addition, the risk of complications is higher 
in people who have experienced acute neurological 
complications during their illness (4). Grimwood et al. 
Reported that some low-level skills, such as attention, 
processing speed, and instant memory capacity, improve 
in 7- and 12-year assessments. However, high-level 
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cognitive skills such as organizational skills, problem-
solving, verbal fluency, and mental flexibility are still 
impaired in 12-year assessment. This may reflect a delay 
in the process of developing executive functions (4) . 
According to Anderson et al., even 12 years after the 
illness, children with a history of meningitis experience 
neurobehavioral consequences (15). Although the risk of 
side effects is higher for children with acute neurological 
complications in bacterial meningitis, people with 
uncomplicated disease are also at risk, and they also 
have fewer functions than control children in a number 
of tasks and show a greater degree of disability. The 
data also show that the apparently normal survivors of 
meningitis are at a lower level of skill than their peers for 
a number of their intellectual, educational, and cognitive 
tasks (19).

Children with meningitis had a significant 
decrease compared to control children in terms of 
verbal intelligence, functional intelligence, and full-
scale IQ. These children could not perform better than 
control children in tests of educational ability, visual 
skills, memory, learning, and executive skills. These 
differences between the children with meningitis and 
control children were approximately one-third of SD 
for each score. Although the mean IQ scores were 
close to the test standard, the results indicated a slight 
overall defect in meningitis survivors compared with 
control children (19). Infants with viral meningitis under 
1 year, 1 to 6 years after the infection have smaller 
head circumference, lower IQ, and delayed language 
skills compared to control children (20). In a study by 
Christie et al., the results showed that survival from 
bacterial meningitis had a detrimental effect on IQ 
and growth, but there was no evidence that reports the 
efficacy of viral meningitis on IQ. The decrease in IQ in 
survivors of bacterial meningitis was approximately 5 
degrees compared to the healthy control group and was 
equivalent to a 0.33% decrease in SD in IQ. Survivors of 
bacterial meningitis are five times more likely to develop 
mental disorders (IQ <70) than controls (17).

Briand et al. argued that a standard follow-
up protocol could help create better rehabilitation 
protocols for children and parents. Neurological and 
neurophysiological follow-ups on a larger scale could be 
useful for the initial follow-up of children with learning 
disabilities. These follow-up tips may also be helpful 

for parents since they could help them understand the 
consequences of long-term complications (27).

Conclusion

According to the results of the present study, children 
who have experienced meningitis at a younger age are 
more prone to disability, growth retardation, and lower 
IQ in later life than other children. Even the children 
who are apparently healthy survivors of the disease have 
shown developmental delays and problems in cognitive 
functions compared to healthy people. Families, school 
teachers, and health professionals play an important 
role in identifying or assisting people with learning 
and behavioral problems. Because the children without 
identifiable risk factors may have significant functional 
disabilities after meningitis, families and school teachers 
should be aware of possible language deficiencies and 
problems in understanding language-based content.

Ethical Clearance: Obtained from institutional 
ethical committee

Source of Funding: Self

Conflict of Interest: Nil

References
1.	 Blewitt J. Meningitis part 1: causes, diagnosis and 

treatment. British J School Nursing. 2010;5(6):278-
282.

2.	 2Mago VK, Mehta R, Woolrych R, Papageorgiou 
EI. Supporting meningitis diagnosis amongst 
infants and children through the use of fuzzy 
cognitive mapping. BMC Med Inform Decision 
Making. 2012;12(1):98.

3.	 Addo HA, Hussen S, Chelkeba L. Childhood 
bacterial meningitis: antimicrobial use pattern and 
treatment outcomes: a prospective observational 
study. Clin Practice. 2018:587-602.

4.	 4.Grimwood K, Anderson P, Anderson V, Tan L, 
Nolan T. Twelve year outcomes following bacterial 
meningitis: further evidence for persisting effects. 
Arch Dis Childhood. 2000;83(2):111-116.

5.	 Hudson JA, Broad J, Martin NG, Sadarangani M, 
Galal U, et al. Outcomes beyond hospital discharge 
in infants and children with viral meningitis: A 
systematic review. Reviews in Medical Virology. 
2020;30(2):e2083.



2678      Indian Journal of Forensic Medicine & Toxicology, January-March 2021, Vol. 15, No. 1

6.	 Khosravi S, Dezfouli SMM. Investigating the rapid 
method of diagnosing meningitis in humans. J 
Critical Rev 2020;7(13):275-280.

7.	 Govender I, Steyn C, Maricowitz G, Clark CC, 
Tjale M. A primary care physician’s approach to 
a child with meningitis. Southern African J Infect 
Dis. 2018;33(2):31-37.

8.	 Sostmann NM. Der Einfluss oraler Vitamin-D-
Gabe auf das Immunsystem der Maus bei der 
experimentellen E.-coli-Meningitis: Georg-
August-Universität Göttingen; 2017.

9.	 Sáez-Llorens X, McCracken Jr GH. 
Bacterial meningitis in children. Lancet. 
2003;361(9375):2139-2148.

10.	 Baines P, Reilly N, Gill A. Paediatric meningitis: 
clinical features and diagnosis. Clin Pharm. 
2009;1:307.

11.	 Penning H, Donovan C. Meningitis# 208 coping 
with the after-effects. Infant. 2009;5(1):20.

12.	 Barzegari H, Zohrevandi B, Masoumi K, Forouzan 
A, Darian AA, Khosravi S. Comparison of oral 
midazolam and promethazine with oral midazolam 
alone for sedating children during computed 
tomography. Emerg. 2015;3(3):109.

13.	 Dezfouli SMM, Khosravi S. Pain in child patients: A 
review on managements. European J Translational 
Myol. 2020.

14.	 Dezfouli SMM, Khosravi S. Systematic review of 
the effective factors in pain management in children. 
Pakistan J Med Health Sciences. 2020;14(2):1236-
1243.

15.	 Anderson V, Anderson P, Grimwood K, Nolan T. 
Cognitive and executive function 12 years after 
childhood bacterial meningitis: effect of acute 
neurologic complications and age of onset. J Ped 
Psychol. 2004;29(2):67-81.

16.	 Anderson V, Bond L, Catroppa C, Grimwood K, 
Keir E, Nolan T. Childhood bacterial meningitis: 
impact of age at illness and acute medical 
complications on long term outcome.J Inter 
Neuropsychol Soc. 1997;3:147-158.

17.	 Christie D, Rashid H, El-Bashir H, Sweeney F, 
Shore T, Booy R, et al. Impact of meningitis on 
intelligence and development: A systematic review 
and meta-analysis. PloS one. 2017;12(8):e0175024.

18.	 Taylor HG, Mills EL, Ciampi A, du Berger 
R, Watters GV, Gold R, et al. The sequelae of 
Haemophilus influenzae meningitis in school-age 
children. New England J Med. 1990;323(24):1657-
1663.

19.	 Grimwood K, Anderson VA, Bond L, Catroppa 
C, Hore RL, Keir EH, et al. Adverse outcomes of 
bacterial meningitis in school-age survivors. Ped. 
1995;95(5):646-656.

20.	 20.Baker RC, Kummer AW, Schultz JR, Ho M, 
Gonzalez del Rey J. Neurodevelopmental outcome 
of infants with viral meningitis in the first three 
months of life. Clin Ped. 1996;35(6):295-301.

21.	 Bedford H, de Louvois J, Halket S, Peckham C, 
Hurley R, Harvey D. Meningitis in infancy in 
England and Wales: follow up at age 5 years. BMJ. 
2001;323(7312):533.

22.	 Van Well GT, Paes BF, Terwee CB, Springer 
P, Roord JJ, Donald PR, et al. Twenty years of 
pediatric tuberculous meningitis: a retrospective 
cohort study in the western cape of South Africa. 
Ped. 2009;123(1):e1-e8.

23.	 Stockmann C, Ampofo K, Byington CL, Filloux 
F, Hersh AL, Blaschke AJ, et al. Pneumococcal 
meningitis in children: epidemiology, serotypes, 
and outcomes from 1997–2010 in Utah. Pediatrics. 
2013;132(3):421-428.

24.	 Fitzwater SP, Ramachandran P, Nedunchelian K, 
Kahn G, Santosham M, Chandran A. Bacterial 
meningitis in children< 2 years of age in a tertiary 
care hospital in South India: an assessment 
of clinical and laboratory features. J Ped. 
2013;163(1):S32-S37.

25.	 Sadarangani M, Willis L, Kadambari S, Gormley 
S, Young Z, Beckley R, et al. Childhood meningitis 
in the conjugate vaccine era: a prospective cohort 
study. Arch Dis Childhood. 2015;100(3):292-294.

26.	 Ouchenir L, Renaud C, Khan S, Bitnun A, Boisvert 
A-A, McDonald J, et al. The epidemiology, 
management, and outcomes of bacterial meningitis 
in infants. Ped 2017;140(1).

27.	 Briand C, Levy C, Baumie F, Joao L, Bechet 
S, Carbonnelle E, et al. Outcomes of bacterial 
meningitis in children. Med et Maladies Infec 
2016;46(4):177-187. 


