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Abstract
Aim: This study examined the predisposing factors, clinical picture, bacterial aetiology 
and clinical outcomes of infants and children with bacterial meningitis (BM).
Methods: The medical records of patients under 16 years of age, treated by Turku 
University Hospital, Finland, from 2011 to 2018, were screened for meningitis using 
the International Classification of Diseases, Tenth Revision codes. Patients were in-
cluded if bacteria were detected in cerebrospinal fluid (CSF) or other predefined labo-
ratory variables indicated BM, despite CSF testing negative for bacteria. The Glasgow 
Outcome Scale (GOS) was used to determine outcomes.
Results: We identified 37 children with BM: 22 infants aged 0–89 days and 15 chil-
dren aged 90 days to 15 years. The overall incidence was approximately 5.7/100 000/
year. Nosocomial meningitis was documented in 51%. Bacterial growth was detected 
in the CSF or blood cultures of the majority of patients (57%). Escherichia coli (14%), 
group B streptococcus (11%) and Streptococcus pneumoniae (8%) were the most com-
mon pathogens. There were 14% of patients with unfavourable outcomes, namely 
GOS scores of 1–4, but no deaths.
Conclusion: The incidence of paediatric BM was low during the study period, but the 
proportion of nosocomial meningitis was substantial. The frequency of unfavourable 
long-term outcomes was relatively low.
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1  |  INTRODUC TION

Bacterial meningitis (BM) is the tenth most common cause of death 
in children under 5 years of age in the world and causes significant 
morbidity and mortality worldwide.1,2 Group B streptococcus (GBS) 
and Escherichia coli have dominated the bacterial aetiology in infants 
from 0 to 89 days of age. Since universal vaccinations, Streptococ-
cus pneumoniae and Neisseria meningitidis have been the most im-
portant causative agents in children and adolescents over that age. 
Haemophilus influenzae type b (Hib) was also on that list before BM 
immunisation.1,2

The incidence of BM has decreased substantially in areas with high 
vaccination coverage against S. pneumoniae, N. meningitidis and Hib. In 
the Netherlands, the implementation of Hib vaccination has reduced 
the incidence of BM caused by H. influenzae from 1.44 to 0.04 epi-
sodes per 100 000 population per year.2 In the USA, the Hib conjugate 
vaccine was associated with a 55% reduction in bacterial meningitis 
in the early 1990s and the 7-valent pneumococcal conjugate vaccine 
was associated with a 59% reduction in pneumococcal meningitis in 
children.3,4 The implementation of the meningococcal group C vac-
cination has also been effective in the Netherlands. It decreased the 
incidence of N. meningitidis meningitis from 2.87 to 0.20 per 100 000 
individuals between 1989–1993 and 2014–2019.2 Neonatal BM is 
more difficult to prevent, because maternal intrapartum antibiotic 
prophylaxis does not protect children from late-onset GBS disease.5

Meningitis survivors risk neurological sequelae, such as hearing 
loss, cerebral palsy and mental retardation.6 Although hearing loss can 
spontaneously improve, studies have reported that it was permanent 
in around 30% of pneumococcal meningitis survivors.7,8 Prematurity, 
male gender and seizures are predictors of unfavourable outcomes in 
neonates.9 Data about the prognosis of BM in high-income countries 
has been scarce and continuously affected by changing epidemiology 
and improvements in diagnostics and treatment.

Our aim was to describe the epidemiology of paediatric BM pa-
tients treated at Turku University Hospital, Finland, from 2011 to 
2018. We also evaluated the predisposing factors, aetiology, clinical 
manifestations and treatment of BM, together with indicators of un-
favourable outcomes.

2  |  METHODS

2.1  |  Study design

Turku University Hospital is a tertiary referral centre in the Hospi-
tal District of Southwest Finland, which also receives patients from 
Western Finland. At the time of the study, its catchment area was 
approximately 480 000 people, including 75 000 children below 
16 years of age, and some 4000 live births per year. We performed 
a database search of patients under 16 years of age who were hos-
pitalised between 1 January 2011 and 31 December 2018 using 
the International Classification of Diseases, Tenth Revision (ICD-10) 
codes for meningitis: A87.9, B94.80, G00.9, G01*A32.1, G01*A39.0, 

G01*A69.2, G05.2*B83.2, A17.0, A32.1, A87, B01.0+, B02.1, 
B05.1+, B37.5, B38.4+, B45.1, B94.80, G00, G01, G02, G03, G05. 
The children's medical records were reviewed. Meningitis caused 
by non-bacterial pathogens, such as viruses, fungi or parasites 
were excluded and so were neuroborreliosis cases. We included 
cases with positive cerebrospinal fluid (CSF) cultures or polymer-
ase chain reaction (PCR) results with an ICD-10 code for meningi-
tis. Previous research has found that a substantial proportion of BM 
cases were culture-negative, because of pre-diagnostic antibiotic 
therapy or other causes.10 Therefore, we also included CSF culture-
negative patients with clinical symptoms of BM and CSF pleocytosis 
(>30 × 106/L). They also had to have at least one of the following 
laboratory findings: a positive blood bacterial culture, a high CSF 
protein level (>1000 mg/L) or elevated plasma C-reactive protein 
(>50 mg/L). The inclusion criteria for neonatal early-onset BM cases, 
defined as 0–6 days of age, were clinical symptoms of BM and a CSF 
leucocyte count of >30 × 106/L. In CSF Staphylococcus epidermidis 
was considered to be a causative agent of BM if the patient was hav-
ing BM symptoms and there was simultaneous CSF pleocytosis.

Of the 149 children with an ICD-10 code for meningitis, 37 had 
a confirmed case of BM and were included in the study. The ICD-10 
codes for meningitis included viral, aseptic and bacterial meningitis. 
The patients who were excluded had a confirmed or probable case 
of viral or aseptic meningitis or they did not fill the inclusion crite-
ria for BM. The patients were then classified into two age groups: 
infants from 0 to 89 days of age and children and adolescents from 
90 days to 15 years of age. Nosocomial BM was defined as early-
onset meningitis, meningitis acquired during the patient's hospital 
stay or meningitis after a neurosurgical operation, which occurred 
<30 days after discharge. All other patients were defined as having 
community-acquired BM.

Since 2010, the Finnish national vaccination programme has of-
fered children the 10-valent pneumococcal conjugate vaccine at 3, 
5 and 12 months. This covers S. pneumoniae serotypes 1, 4, 5, 6B, 
7F, 9V, 14, 18C, 19F and 23F. Hib vaccines have been given at the 
same ages since 1993. Meningococcal vaccines are not included in 
the Finnish national vaccination programme for children.

The microbiological laboratory methods are described in 
Appendix S1.

Key notes

•	 We examined bacterial meningitis (BM) in 22 infants 
aged 0–89 days and 15 children aged 90 days to 15 years.

•	 Bacterial growth was detected in the cerebrospinal 
fluid or blood cultures of 57% and Escherichia coli (14%), 
group B streptococcus (11%) and Streptococcus pneumo-
niae (8%) were the most common pathogens.

•	 There were 14% with unfavourable outcomes, defined 
as Glasgow Outcome Scale scores of 1–4, but no deaths.
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2.2  |  Outcomes

We evaluated the outcomes with the five-point Glasgow Outcome 
Scale (GOS), based on the information in the patient's medical re-
cords.11 The scale comprises death (one point), vegetative state (two 
points), severe disability (three points), moderate disability (four 
points) and mild or no disability (five points). The outcomes were 
evaluated at discharge and 8 months after discharge. An unfavourable 
outcome was defined as a score from 1 to 4. When we determined 
the GOS scores, we considered the age of the patient and the dis-
ability was assessed in relation to their age-appropriate behaviour.

Hearing was tested with an appropriate method, either a brain-
stem auditory evoked response, an audiogram, otoacoustic emis-
sions or mechanical source of voice. Hearing deficiency was defined 
by a better ear hearing level of 20 dB or above.

2.3  |  Statistical analysis

The incidence of BM was calculated by dividing the number of pa-
tients in the Hospital District by the number of study years and the 
population below 16 years of age. The incidence in infants was ob-
tained by dividing the annual number of infant cases by the number 
of live births.

The age groups were compared with the Wilcoxon rank sum 
test for continuous variables and Fisher's exact test for categor-
ical variables. Associations between two categorical variables 
were tested with Fisher's exact test. Furthermore, a separate log-
binomial model was performed with unfavourable outcomes, de-
fined as GOS scores 1–4, for each factor as a univariate approach. 
We were not able to perform a multivariate analysis because of 
the low number of children with an unfavourable outcome. Two-
tailed p values of <0.05 were regarded as statistically significant. 
The data analysis was generated using SAS for Windows, Version 
9.4 (SAS Institute Inc).

2.4  |  Ethics

The study received institutional approval and was not subject to the 
Ethics Committee approval.

3  |  RESULTS

3.1  |  Incidence, demographics and causative agents

We identified 37 children (54% male) with BM treated at Turku Uni-
versity Hospital between 2011 and 2018. There were 22 infants 
aged 0–89 days and 15 children or adolescents aged 90 days to 
15 years (Figure 1).

Three of the patients had been transferred from other hospitals 
in Finland. The incidence was approximately 5.7/100 000/year based 

on the 34 children living in the Hospital District. The estimated in-
cidence among infants was 0.7/1000 live births. The median age of 
the 37 children was 1 month, with an interquartile range of 9 days 
to 3 years and 9 months. The majority (51%) of the BM cases were 
nosocomial (Table 1).

Pathogens were detected in either the CSF or blood of 57% of 
the patients (Table 2). The CSF culture was positive for bacteria in 
41% of cases and the PCR of the CSF was positive in one culture-
negative case (Figure 2). A blood culture detected a pathogen in five 
cases when the CSF culture was negative. GBS (11%), S. pneumoniae 
(8%) and E. coli (5%) were the most frequent pathogens in the CSF 
cultures. All the causative pathogens are shown in Figure 2. The CSF 
culture was positive in 15% of the 20 patients who received antibi-
otics before their lumbar puncture and in 71% of the 17 patients 
who only received antibiotics after the lumbar puncture (p = 0.001).

3.1.1  |  Background characteristics

Most (55%) of the 22 infants (59% male) aged 0–89 days of age 
(Table 1) were born preterm before 37 + 0 weeks of gestation: 14% 
before 28 + 0 and 18% between 28 + 0 and 31 + 6 weeks. Four moth-
ers were carrying GBS. The data on BM by age group are presented 
in Table 3.

Two of the 15 children (47% male) aged 90 days to 15 years 
(Table 1) had both otitis media and mastoiditis. Pneumonia, pyelo-
nephritis, a brain abscess and a dental infection were each detected 
in one patient prior to or simultaneously with, BM. The subgroups of 
BM by age group are presented in Table 3.

3.1.2  |  Clinical characteristics, causative agents  
and treatment

The clinical characteristics of the infants aged 0–89 days are pre-
sented in Table 1. The most common pathogens cultured from either 

F I G U R E  1  Age distribution of the 37 patients.
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CSF or blood were E. coli (18%), GBS (18%) and Staphylococcus aureus 
(9%). Two infants of 0–6 days of age had GBS and so did two infants 
of 7–89 days of age. All the detected pathogens are presented in 
Figure 2. Multi-drug resistance, which was defined as resistance to 
three or more relevant antibiotics, was seen in two bacterial isolates: 
S. epidermidis and Staphylococcus hominis. One CSF sample was posi-
tive with PCR for Sphingomonas species when the CSF culture was 
negative.

The most frequently used antibiotics were ampicillin (55%), cefo-
taxime (41%) and gentamycin (27%). Multimodal antibiotic therapy 
was used to treat 77% of the patients with BM and this ranged from 
three to seven different antibiotics. There were no cases where the 
cultured bacteria that caused BM were resistant to the empirically 
initiated antibacterial treatment. Two patients underwent neurosur-
gery: one had a brain haemorrhage and one had hydrocephalus. Two 
patients needed invasive respiratory support.

The clinical characteristics of the children aged 90 days to 
15 years are presented in Table  1. The most common pathogen, 
cultured from either their CSF or blood, was S. pneumoniae (20%). 
Escherichia coli, Staphylococcus capitis and N. meningitidis were all de-
tected once. There was one CSF sample with two cultured bacteria. 
All the pathogens detected are presented in Figure 2.

Pre-diagnostic antibiotics were administered to 33% of the pa-
tients. The most frequently used antibiotics after BM diagnoses 
were ceftriaxone (87%) and vancomycin (33%). Multimodal anti-
biotic therapy was used to treat 53% of the patients with BM and 
this ranged from three to seven different antibiotics. Corticosteroid 
treatment was given to 60% of the patients as well as antibiotics. 
Three patients needed neurosurgery and ear-related operations. Six 
patients received oral antibiotics after discharge and the duration 
ranged from 7 to 14 days.

3.1.3  |  Outcome

The majority (82%) of the infants who were 0–89 days of age 
underwent hearing tests, using a brainstem auditory evoked re-
sponse (89%) or otoacoustic emissions and a mechanical source 
voice (11%). Permanent hearing deficiency was documented in 
one patient and two received a ventriculoperitoneal shunt. One 
patient was diagnosed with epilepsy. Six patients had an unfavour-
able outcome at discharge: four had a GOS score of three and two 
had a GOS score of four. Three of the patients with a GOS score 
of three had an unfavourable outcome 8 months after discharge. 
There were no deaths.

More than two-thirds (67%) of the children aged 90 days to 
15 years had hearing tests, using an audiogram (70%), a brainstem 
auditory evoked response (20%) or otoacoustic emissions (10%). 
One had a permanent hearing deficiency and another had a ven-
triculoperitoneal shunt. Other negative outcomes were visual diffi-
culties in one patient and a change in personality in another. Three 
patients had an unfavourable outcome at discharge: one had a GOS 
score of three and two had a score of four. The two patients with a Va
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GOS score of four had unfavourable outcomes 8 months after dis-
charge. There were no deaths.

The univariate analysis showed that a positive CSF culture was 
associated with an unfavourable outcome at discharge (p = 0.02), 
but not 8 months after discharge (p = 0.1; Appendix S1). Nosocomial 
meningitis (p = 0.007) and preterm birth (p = 0.04) were associated 
with an unfavourable outcome 8 months after discharge.

4  |  DISCUSSION

The incidence of paediatric BM was low in Southwestern Finland 
during 2011–2018. In particular, community-acquired BM was rare 
in children aged 90 days to 15 years, but the proportion of infants 
aged 0–89 days with nosocomial BM was prominent. A large number 
of cases continued to have negative CSF and blood bacterial cul-
tures. The outcomes in both age groups were generally good.

Between 2010 and 2015 the incidence rates of BM in Northern 
Sweden were 1.9–3.4/100 000 in infants and children.12 The inci-
dence was highest among infants and lowest among adolescents 
and was approximately the same level as in our study (5.7/100 000/
year). The global incidence of BM in children has decreased and a 
major reason for this progress has been the increased use of vac-
cines against the predominant pathogens. Differences in the di-
agnostics, recording and definitions of BM have hampered the 
assessment of the true incidence of BM and comparisons between 
studies. The pre-diagnostic administration of antibiotics was fre-
quent in our study population and bacterial PCR tests on CSF spec-
imens were infrequently carried out. To avoid missing cases due to 
this, we also included culture-negative cases based on the relevant 
ICD-10 codes, clinical presentation and laboratory findings.

TA B L E  2  Bacteria detected in cerebrospinal fluid (CSF) or blood culture by age groups.

Pathogens in CSF or blood culture
Infants aged 0–89 days 
n = 22 n/N (%)

Children aged 90 days to 
15 years n = 15 n/N (%) All children n = 37 n/N (%)

Escherichia coli 4 (18) 1 (7) 5 (14)

Group B streptococcus 4 (18) 0 4 (11)

Streptococcus pneumoniae 0 3 (20) 3 (8)

Staphylococcus aureus 2 (9) 0 2 (5)

Neisseria meningitidis 0 1 (7) 1 (3)

Staphylococcus epidermidis 1 (5) 0 1 (3)

Staphylococcus capitis 0 1 (7) 1 (3)

Actinomyces sp. 0 1 (7) 1 (3)

Staphylococcus hominis 1 (5) 0 1 (3)

Anaerobic gram-positive cocci 0 1 (7) 1 (3)

F I G U R E  2  Numbers of 
bacterial detections by culture of 
cerebrospinal fluid (CSF), blood, pus, 
ventriculoperitoneal shunt, urine or tonsil 
swap specimen or by polymerase chain 
reaction of CSF.

0

1

2

3

4

5

6

CSF culture Blood culture Pus Ventriculoperitoneal shunt Urine Tonsil swap PCR of CSF

TA B L E  3  Subgroups of bacterial meningitis by age groups.

n (%)

Children aged 0–89 days (n = 22)

Early-onset (0–6 days) 5 (23)

Late-onset (7–89 days) 17 (77)

Late-onset community-acquired 6 (27)

Late-onset nosocomial (not neurosurgical) 8 (36)

Neurosurgical postoperative 3 (14)

Children aged 90 days to 15 years (n = 15)

Community-acquired 9 (60)

Nosocomial (not neurosurgical) 2 (13)

Neurosurgical postoperative 4 (27)
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Streptococcus pneumoniae is a dominant pathogen that causes 
BM in childhood. For example, this was reported by a study from 
the United States that covered the period 1998–2007, which 
found that S. pneumoniae causes over a third of all BM in infants 
and children.13 However, we only detected three cases of pneu-
mococcal meningitis in children from 90 days to 15 years of age. 
The 10-valent pneumococcal conjugate vaccine was added to the 
Finnish national vaccination programme in 2010, just before the 
current study began. This was followed by a rapid decrease in the 
incidence of pneumococcal meningitis in children in Finland: 54% 
in children aged 5–17 years and 64% in children aged 0–4 years 
of age.14 Replacement by non-vaccine serotypes has been seen 
mainly in older adults.14 Although meningococcal vaccines are not 
included in the Finnish national vaccination programme for chil-
dren, only one case of N. meningitidis BM was found in this study. 
Other studies have indicated that meningococcal diseases are 
more common in some other European countries than in Finland. 
For example, one Icelandic study reported that N. meningitidis was 
the most common causative pathogen of BM.15 No cases of BM 
due to Hib were documented in our study, as it has disappeared 
due to the high coverage of vaccinations.16

Our study showed the incidence of BM in infants 0–89 days 
of age was high compared to children aged 0–60 days in another 
study.13 Our incidence rate of 0.7 per 1000 live births was in line 
with the estimated incidences of neonatal BM of 0.3 per 1000 live 
births in high-income countries and up to 3–6 per 1000 live births 
in low-income and middle-income countries.17 As expected, GBS 
and E. coli were the dominant pathogens in infants. It is worth noting 
that no BM cases caused by Listeria monocytogenes were detected. 
Maternal GBS prophylaxis with antibiotics has been reported to be 
efficient against early-onset disease, but not against late-onset dis-
ease.18 Maternal GBS vaccines are urgently needed to prevent late-
onset GBS disease.5 Neonatal nosocomial infections can, to some 
extent, be prevented by breastfeeding, probiotics and strict infec-
tion prevention programmes in neonatal units.19 The rapid initiation 
of antibiotic treatment for any suspicion of sepsis may prevent the 
infection developing into BM.20 Despite these measures, newborn 
infants, particularly those born prematurely, are susceptible to in-
vasive bacterial infections, due to their immature and inexperienced 
innate and adaptive immune systems. Preterm infants also have in-
adequate protection against infectious agents through maternal im-
munity. Our findings demonstrated this, as 55% of the infants were 
born prematurely and 14% of them before 28 + 0 and 18% between 
28 + 0 and 31 + 6 weeks of gestation. Moreover, the innate cytokine 
response against pathogens in a neonate can be inadequate or, con-
versely, overwhelming and has been associated with increased dis-
ease severity.21

We found that 41% of the CSF cultures were positive and that 
negative cultures were associated with administering antibiotics 
before a lumbar puncture. Pre-diagnostic antibiotics were used for 
54% of the patients in our study, compared to 35%–46% in other 
studies.22 Certain bacteria can be completely sterilised in CSF within 

2 h of parenteral antibiotics6 and an interval of over 6 h between ad-
ministering antibiotics and a lumbar puncture can reduce culture 
positivity from 100% to 40%.23 Using PCR testing as well as cul-
turing bacteria in CSF resulted in a more sensitive and rapid yield, 
compared to just the using cultures.24 PCR was not routinely used 
during our study period, but these data do support its use.

We found a lower rate of permanent hearing deficiency (5%) 
than previously reported (22%–30%).7 This may have been due to 
the success of pneumococcal vaccines, by decreasing the proportion 
pneumococcal BM, as S. pneumoniae is a key pathogen that causes 
hearing loss after BM.7 The overall functional outcome was unfa-
vourable in 14% of the children, in accordance with previous stud-
ies (10%–18%).25,26 In our study, nosocomial meningitis and preterm 
birth were correlated with unfavourable outcomes 8 months after 
discharge. However, these findings should be interpreted with cau-
tion, because unfavourable outcomes only occurred in a small num-
ber of subjects and the results were based on univariate analyses. 
Despite this, our study highlighted the increased role of nosoco-
mial BM and its potential to cause long-term morbidity. It also sup-
ported earlier evidence that prematurity can predict unfavourable 
outcomes.27 There were no deaths in our study, but a larger study 
population would have provided a more reliable estimate of the mor-
tality rate. Global mortality due to childhood BM has been reported 
to range from 2% to 33%.28,29

Our study had some limitations. It was a single-centre study with 
a small number of patients, but the design enabled uniform and de-
tailed data collection. Nevertheless, there was a risk of inaccuracies 
in the retrospectively documented clinical data. The study popula-
tion was heterogenic, which meant we had very small subgroups of 
patients, but our findings do provide an overview of paediatric BM in 
our area. Using the GOS with small infants and children may present 
challenges and it may also be difficult to differentiate moderate dis-
ability from mild disability using medical records. However, we be-
lieve that our main finding of generally good outcomes after BM was 
reliably determined by using the GOS scale. The patients included 
in this study may not represent the whole population of children in 
Finland. We were unable to exclude the possibility of neurosurgery 
itself being the cause of complications or an unfavourable outcome 
in some patients. Furthermore, we had no long-term follow-up data, 
or information on quality of life after BM, which has been reported 
to be impaired.30

5  |  CONCLUSION

This study found a low incidence of BM in infants and children in 
Southwest Finland between 2011 and 2018. GBS and E. coli were 
the dominant bacteria in children of 0–89 days of age. The propor-
tion of nosocomial BM was high. The likelihood of an unfavourable 
outcome was relatively low and there were no deaths. The changing 
epidemiology of BM should be considered when developing further 
strategies to improve prevention and treatment.
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