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ABSTRACT

Introduction: Bacterial meningitis remains a potential problem for contemporary pediatrics, as regards both
treatment and further care of patients with long-term complications. The aim of this study is to identify
the most common neurological complications of acute bacterial meningitis among children and their main
risk factors of occurrence.

Material and methods: We analyzed data on cases of children with bacterial meningitis hospitalized
in The Infectious Diseases Department in St. Joseph Children’s Hospital in Poznan, between 2010 and 2020.
We considered Streptococcus pneumoniae and Neisseria meningitidis as etiological factors. Data on neurological
complications were obtained during follow-up visits and as a result of telephone surveys.

Results: We identified 75 patients (1 month up to 17 years of age) with acute bacterial meningitidis with
the etiological factors Streptococcus pneumoniae and Neisseria meningitidis; 2 of them died as a result of in-
fection (2.66%). Data on short and long-term complications were obtained from 59 patients. We observed
complications among 42 children; the most frequent complications were cognitive impairment (31.37%),
subdural effusion (17.19%), focal neurological deficits (15.6%), and hearing disorders (14.0%). Patients
with neurological complications showed a higher frequency of lower count of neutrophils < 13.8 x 10%/ul
(p < 0.01), alower hemoglobin level < 12.0 g/dl (p < 0.00), and platelet levels above 340 x 10%/ul (p < 0.02). Risks
factors of neurological complications occurrence were irritability at admission (p < 0.04) , age of patients under
34 months (95 CI%: 0.58-0.86), and length of hospitalization over 14 days (95 CI%: 0.70-0.92).
Conclusions: Despite the introduction of protective vaccination, bacterial meningitis is still a life-threatening
disease that leads to significant neurological consequences. It is important to recognize patients with risk fac-
tors of neurological complications to provide them with multidisciplinary medical care later in life.
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INTRODUCTION

Acute bacterial meningitis (ABM) is a severe in-
fectious disease that primarily affects children. Despite
the adequate healthcare facilities, widespread use of an-
tibiotics, and vaccines against common pathogens, mor-
bidity, and mortality rates are high in developing and de-
veloped countries [1]. The mortality rate varies 5-30%,
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depending on the study. Neurological sequelae occur in
15-50% of cases [2-5]. Hearing disorders, hydrocephalus,
focal neurological deficits, epilepsy, and also subtle neuro-
logical deficits, such as behavioral changes, learning dif-
ficulties, and attention deficit disorder, were observed in
children after bacterial meningitis in the past [3, 4, 6-9].
Among the pediatric population, the occurrence of long-
term neurological complications determines one’s fur-
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ther development and achievements. One of the leading
objectives is the early recognition of patients with ABM
at higher risk of complication development to ensure
proper healthcare by a multidisciplinary team after be-
ing discharged from the hospital [9]. This study aims to
evaluate neurological sequelae and identify risk factors
of ABM among pediatric patients in Poland, based on
clinical and laboratory variables.

MATERIAL AND METHODS

An observational study was conducted to identify
the risk factors for neurological complications in children
with ABM. The study group was made up of children,
hospitalized with bacterial meningitis at The Infectious
Diseases Department in St. Joseph Children’s Hospital
in Poznan, between January 2010 and December 2020.
Inclusion criteria were: diagnosis of pneumococcal or
meningococcal meningitis, age 1 month to 17 years at
the time of hospitalization. The etiology of the disease
was confirmed by a positive test result of cerebrospinal
fluid (CSF) or blood culture detecting microbial genetic
material with PCR in the CSF/blood analysis.

We excluded cases of unknown etiology or caused by
different pathogens. Analysis was based on the medical
records and routine tests, performed during hospitaliza-
tion, which included: onset period and symptomatology,
general examinations results, imaging tests, blood tests,
and cerebrospinal fluid examinations.

Early complications were observed during hospitaliza-
tion, and data on late complications were obtained during
follow-up visits and as a result of telephone surveys. Cog-
nitive impairments were recognized by psychologists ac-
cording to current standards. We excluded 16 patients
who failed to obtain data on late complications.

The calculations were made using Statistica 12 by Stat-
Soft and PQStat by PQStat Software. The level of signifi-
cance was a = 0.05. The result was considered statistically
significant when p < a. For variables with a normal dis-
tribution and equal variances, we used Student’s t-test for
unrelated samples, and for samples not having equal vari-
ances, the Cochran-Cox test. In case of non-compliance
with the normal distribution, the Mann-Whitney U test

TABLE 1. Complications after bacterial meningitis among children

was used. A multivariate logistic regression model was
used to identify risk factors for developing neurological
complications. The study was approved by the Human Re-
search Ethics Committee of Poznan University of Medical
Science.

RESULTS

During the study period, 75 children were hospital-
ized with meningococcal or pneumococcal meningitis
at The Infectious Diseases Department in St. Joseph Chil-
dren’s Hospital in Poznan. The study group consisted
of 59 children who met the study criteria. There were 22 fe-
males and 37 men, aged 3 months to 17 years. The mean age
of hospitalized patients diagnosed with bacterial meningitis
was 55 months (median of 27 months). All patients received
empirical antibiotic therapy and intravenous corticosteroids
in the first days of treatment. After identifying the etiologi-
cal factor and obtaining an antibiogram, the treatment was
changed to targeted. None of the patients were vaccinated
against the causative bacteria (meningococcus or pneumo-
coccus). 37 patients required at least one follow-up visit
after discharge from the hospital. The remaining patients
were referred for further care to specialist clinics (neurol-
ogy, audiology). Complications were surveyed 1-10 years
after hospitalization (mean 4.6 years).

The dominant etiology was Neisseria meningitidis,
which accounted for 76.27% of cases; serogroups B and
C were the most common. The observed complications
along with their frequency and ethology are listed in
Table 1. Neurological complications were observed in
42 patients, 59.52% of whom were male. Seizures
occurred before and during hospitalization as one
of the short-term complications, mostly without nega-
tive consequences. However, in some cases, they were an
early symptom of developing epilepsy, diagnosed by neu-
rologists after completing the treatment. Children with
cognitive impairments presented learning disabilities,
concentration and language difficulties, and as a result
demonstrated delayed school readiness, had to repeat
classes, required learning support and speech therapy.

Complications were observed more frequently in
Neisseria meningitidis infections, but the differences were

Parameters Neisseria meningitidis Streptococcus pneumoniae Total
Cognitive impairment (%) 28.21 41.67 31.37
Subdural effusion (%) 16.00 21.43 17.19
Focal neurological deficits (%) 14.00 21.43 15.60
Hearing disorders (%) 13.16 16.67 14.00
Hydrocephalus (%) 2.00 21.43 6.25
Abscess (%) 2.00 14.29 4.69
Epilepsy (%) 2.56 0.00 1.96
Mortality (%) 3.33 0.00 2.66
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FIGURE 1. Complications depending on age

not statistically significant (p < 0.73). When analyzing
the occurrence of individual complications, patients with
Streptococcus pneumoniae infection had a 13-fold greater
chance of developing hydrocephalus (p < 0.03). With other
complications, the etiological factor did not significantly
increase the risk of their occurrence.

Complications were significantly more frequent
among patients under 34 months of age (sensitivity
66.67%, specificity 76.47%; 95 CI%: 0.58-0.86) (Figure 1).

The length of hospitalization was significantly longer
in patients with complications, and also antibiotic ther-
apy was longer in those patients. The proposed cut-oft
point was 14 days (sensitivity 76.19%, specificity 82.35%;
95 CI%: 0.70-0.92). 44.1% of patients required hospital-
ization in the intensive care unit, but this did not increase
the risk of complications (p < 0.15).

The relationships between the results of selected lab-
oratory tests and the occurrence of complications are
presented in Table 2. The hemoglobin level was signifi-
cantly different in people with and without complica-
tions; the proposed cut-off point was 12.0 g/dl (sensitivity
92.86%, specificity 47.06%) (Figure 2). Neutrophil count
was significantly lower in patients with complications;
the cut-off point was 13.8 x 10%/pl (sensitivity 66.67%,
specificity 88.24%) (Figure 3). Complications were ob-
served significantly more often in patients with platelet
levels above 340 x 10°/ul (sensitivity 66.67%, specificity
76.47%) (Figure 4).

Complications were observed less frequently in pa-
tients with petechiae (p < 0.02, OR = 4.32) and headaches
(p < 0.03, OR = 3.35). Children with irritability were
3.58 times more likely to develop complications (p < 0.04,
OR = 3.58). The presence of other symptoms (vomiting,
meningeal signs, fever, seizures) and the patient’s general
condition upon admission did not significantly affect
the incidence of complications.

DISCUSSION

In our study, any complications (short-term or long-
term) were observed in 71% of patients. The mortality

TABLE 2. Risk factors of neurological complication occurrence after bacterial meningitis

Parameters Complications p-value
Yes (n) No (n)
Age (months) 17.5(42) 64.0 (17) 0.01*
Length of stay (days) 18.1(42) 11.8(17) 0.00T
PCT [ng/ml] 24.35(34) 19.45 (14) 0.86*
CRP [mg/I] 223.58 (42) 212.0 (17) 0757
Hgb [g/dI] 10.5 (42) 11.6(17) 0.00T
Total leukocytes (count) 15.2 (42) 22.1(17) 0.13*
Neutrophils (count) 11.5(42) 18.0(17) 0.01*
Platelets (count) 283.5(42) 202.0(17) 0.02*
Fibrinogen [g/1] 7.9(39) 6.45 (16) 0.097T
D-dimer [ug/1] 2460.0 (36) 16.14 (16) 0.13*
Glycemia [mg/dl] 120.0 (38) 110.0 (17) 0.43*
Protein [g/]in CSF 1.97 (42) 1.7(17) 1.00*
Total leukocytes in CSF 1940.5 (42) 4481.0( 17) 0.28*
Glucose [mg/dI] in CSF 32.0(41) 20(17) 0.75*%

CRP — C-reactive protein, (SF — cerebrospinal fluid, PCT — procalcitonin
* Mann-Whitney U test
T Cochran-Cox test
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FIGURE 4. Complications depending on platelet count

rate was 2.7%. Previous publications indicate that child-
hood bacterial meningitis is associated with a 49% risk
of serious neurological sequelae and a mortality rate
of up to 14% [5, 10, 11]. In a recent research review
(1970-2010), approximately 50% of children with ABM
(between 1 month and 18 years of age) developed neuro-
logical deficits after 5 years of follow-up [5].

In our research, we took into account the two com-
monest etiological factors: Streptococcus pneumoniae
and Neisseria meningitidis [12, 13]. After the introduc-
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FIGURE 3. Complications depending on neutrophil count

tion of population-based immunization against Hae-
mophilus influenzae in Poland, an invasive bacterial in-
fection caused by Haemophilus influenzae is no longer
a problem [14]. Neisseria meningitidis was responsible
for the majority of infections. Vaccinations against Neis-
seria meningitidis are not compulsory in Poland; the vac-
cination rate is low (< 30% in children younger than
5 years). In 2017 in Poland population vaccinations against
Streptococcus pneumoniae were introduced. Many studies
have detected an increased risk of complications in pneu-
mococcal infections, which we did not confirm in our study
[11, 15-17]. Only cases of hydrocephalus were significant-
ly more frequently observed in infections caused by Strep-
tococcus pneumoniae. This is a result of a lower frequency
of invasive infections caused by Streptococcus pneumoniae.

The prognostic factors of neurological abnormalities
based on laboratory tests were: platelet count higher than
340 x 10*/pl, neutrophil count less than 13.3 x 10*/pl, he-
moglobin level lower than 12 g/dl. This is in line with
the previously published studies [9, 17-19]. In a study by
Tsai et al. CSF cell counts below or equal to 200/mm?,
and CSF protein concentrations higher than 330 mg/dl
are warning signs of a bad outcome [20]. We did not ob-
serve the influence of the concentration of inflammatory
markers in the blood and CSF examination results on
the occurrence of complications.

One of the main factors increasing the risk of compli-
cations, confirmed in many studies, was the young age at
the onset of the disease [9, 15, 16, 18, 19]. In the conducted
study, complications were significantly more frequent in
children younger than 34 months of age. This can be ex-
plained by the weaker response of the immature organism
to a severe bacterial infection.
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According to a study by Roine et al., the presence
of consciousness disorders on admission was a factor
in poor prognosis [18]. Shingi et al. found in their study
that the Glasgow Coma Scale below 8 increases the risk
of long-term neurological sequelae [21]. In our study, we
did not confirm these relationships; the patient’s general
condition and the presence of disturbances in conscious-
ness did not significantly affect the occurrence of compli-
cations, although they were more often observed among
patients with complications. Although irritability at clin-
ical onset is rarely mentioned as a risk factor for com-
plications in ABM, in the present study it was observed
3.5 times more often in patients with neurological disorders.
Hearing loss is one of the commonest neurological com-
plications in the course of ABM. Up to 31% of children de-
velop unilateral or bilateral hearing impairment [22-24].
Hearing loss is more common in infections caused by
Streptococcus pneumoniae (14-32%) compared to Neisse-
ria meningitidis (2-23%) [24, 25]. In the conducted study,
hearing loss was observed in 14% of children, more often
in infections with Streptococcus pneumoniae, but the dif-
ference was not statistically significant.

In our study, the most frequent long-term complications
were cognitive impairment (31.37%) such as behavioral
problems, impaired school performance, and attention defi-
cit disorder. Patients required participation in additional
extracurricular activities and psychological counseling. In
a Dutch study;, it was found that 30% of children with ABM
had a history of poorer academic performance, and prob-
lems with concentration, and repeated the class two times
more often compared to healthy children with a similar
socioeconomic background [26]. The Danish population
study showed that adults who had a history of ABM in
childhood have lower education and lower economic sta-
tus compared to healthy peers [27]. Cognitive impairment
is difficult to measure due to the lack of standardized tools;
hence it is often underestimated.

CONCLUSIONS

Patients with neurological complications required
longer hospitalization and prolonged antibiotic therapy,
which was associated with the use of increased medical
and technological resources, and higher costs of stay.

Despite the availability of vaccinations and effec-
tive treatment, bacterial meningitis is still a threat to
the healthy development of pediatric patients in developed
countries. Meningitis survivors often require multidisci-
plinary medical care later in life. Cognitive dysfunction,
hearing impairment, epilepsy, and hydrocephalus often
cause various degrees of disability, affecting daily activi-
ties. It is important to identify patients with risk factors for
neurological complications at an early stage of the disease
and to provide them with multidisciplinary care.

DISCLOSURE

The authors declare no conflict of interest.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

Grandgirard D, Leib SL. Strategies to prevent neuronal damage in
paediatric bacterial meningitis. Curr Opin Pediatr 2006; 18: 112-118.
Séez-Llorens X, McCracken GH Jr. Bacterial meningitis in children.
Lancet 2003; 361: 2139-2148.

Shieh HH, Ragazzi SL, Gilio AE. Risk factors for neurological com-
plications and sequelae in childhood acute bacterial meningitis.
] Pediatr (Rio J) 2012; 88: 184-185.

Chandran A, Herbert H, Misurski D, et al. Long-term sequelae
of childhood bacterial meningitis: an underappreciated problem.
Pediatr Infect Dis ] 2011; 30: 3-6.

Thigpen MC, Whitney CG, Messonnier NE, et al. Emerging Infec-
tions Programs Network. Bacterial meningitis in the United States,
1998-2007. N Engl ] Med 2011; 364: 2016-2025.

Lucas M]J, Brouwer MC, van de Beek D. Neurological sequelae
of bacterial meningitis. ] Infect 2016; 73: 18-27.

Woolley AL, Kirk KA, Neumann AM Jr, et al. Risk factors for
hearing loss from meningitis in children: the Children’s Hospital
experience. Arch Otolaryngol Head Neck Surg 1999; 125: 509-514.
Pelkonen T, Roine I, Monteiro L, et al. Risk factors for death and
severe neurological sequelae in childhood bacterial meningitis in
sub-Saharan Africa. Clin Infect Dis 2009; 48: 1107-1110.
Oostenbrink R, Maas M, Moons KG, et al. Sequelae after bacterial
meningitis in childhood. Scand J Infect Dis 2002; 34: 379-382.
Van de Beek D, de Gans J, Spanjaard L, et al. Clinical features and
prognostic factors in adults with bacterial meningitis [published
correction appears in N Engl ] Med 2005; 352: 950]. N Engl ] Med
2004; 351: 1849-1859.

Schuchat A, Robinson K, Wenger JD, et al. Bacterial meningitis in
the United States in 1995. Active Surveillance Team. N Engl ] Med
1997; 337: 970-976.

Xilian Bai, Ray Borrow, Suzana Bukovski, et al. Prevention and con-
trol of meningococcal disease: Updates from the Global Meningo-
coccal Initiative in Eastern Europe. J Infect 2019; 79: 528-541.
Polkowska A, Skoczyniska A, Paradowska-Stankiewicz I, et al. Pneu-
mococcal meningitis before the introduction of 10-valent pneumo-
coccal conjugate vaccine into the National Childhood Immuniza-
tion Program in Poland. Vaccine 2019; 37: 1365-1373.

Skoczynska A, Golebiewska A, Wrébel-Pawelczyk I, et al. Invasive
Haemophilus influenzae disease among children in Poland in
1997-2020, National Reference Centre for Bacterial Meningitis,
National Medicines Institute, Warsaw, 2021. Available from: http://
koroun.nil.gov.pl/wp-content/uploads/2021/04/Zakazenia-inwa-
zyjne-H.influenzae-w-Polsce-w-latach-1997-2020.pdf (accessed:
20.03.2022).

Arditi M, Mason EO Jr, Bradley JS, et al. Three-year multicenter
surveillance of pneumococcal meningitis in children: clinical char-
acteristics, and outcome related to penicillin susceptibility and dex-
amethasone use. Pediatrics 1998; 102: 1087-1097.

Namani S, Milenkovi¢ Z, Koci B. A prospective study of risk factors
for neurological complications in childhood bacterial meningitis.
] Pediatr (Rio J) 2013; 89: 256-262.

Chévez-Bueno S, McCracken GH Jr. Bacterial meningitis in chil-
dren. Pediatr Clin North Am 2005; 52: 795-810, vii.

106

Pediatria Polska — Polish Journal of Paediatrics 2023; 98



Acute bacterial meningitis in Polish children — assessment of risk factors of neurological complications

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Pediatria Polska — Polish Journal of Paediatrics 2023; 98

Roine I, Peltola H, Fernandez J, et al. Influence of admission find-
ings on death and neurological outcome from childhood bacterial
meningitis. Clin Infect Dis 2008; 46: 1248-1252.

Bedford H, de Louvois J, Halket S, et al. Meningitis in infancy in
England and Wales: follow up at age 5 years. BMJ 2001; 323: 533-536.
Tsai MH , Chen SH, Hsu CY, et al. Pneumococcal meningitis in
Taiwanese children: emphasis on clinical outcomes and prognostic
factors. ] Tropic Pediatr 2008; 54: 390-394.

Singhi P, Bansal, A, Geeta P, et al. Predictors of long term neu-
rological outcome in bacterial meningitis. Indian J Pediatr 2007;
74:369-374.

Richardson MP, Reid A, Tarlow M]J, et al. Hearing loss during bac-
terial meningitis. Arch Dis Child 1997; 76: 134-138.

Baraff L], Lee SI, Schriger DL. Outcomes of bacterial meningitis in
children: a meta-analysis. Pediatr Infect Dis ] 1993; 12: 389-394.
Chandran A, Herbert H, Misurski D, et al. Long-term sequelae
of childhood bacterial meningitis: an underappreciated problem.
Pediatr Infect Dis J 2011; 30: 3-6.

Dodge PR, Davis H, Feigin RD, et al. Prospective evaluation of hear-
ing impairment as a sequela of acute bacterial meningitis. N Engl
J Med 1984; 311: 869-874.

Koomen I, Grobbee D, Jennekens-Schinkel A, et al. Parental per-
ception of educational, behavioural and general health problems in
school-age survivors of bacterial meningitis. Acta Paediatr 2007; 92:
177-185.

Roed C, Omland LH, Skinhoj P, et al. Educational achievement and
economic self-sufficiency in adults after childhood bacterial men-
ingitis. JAMA 2013; 309: 1714-1721.

107



