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Abstract

Background Bacterial meningitis is a rare, but life-threatening disease, which sometimes occurs as a complication to acute
otitis media (AOM). The proportion of meningitis cases originating from AOM is not clear.

Purpose The aim of this study was to investigate the proportion of meningitis cases caused by AOM, to compare risk fac-
tors, bacteriology and outcome between otogenic and non-otogenic meningitis, and to analyse the incidence of bacterial
meningitis after the introduction of conjugate pneumococcal vaccines (PCV).

Methods The medical charts of all patients admitted to hospitals in southern Sweden with bacterial meningitis between 2000
and 2017 were retrieved. Based on otoscopy and/or imaging, the proportion of otogenic meningitis cases was calculated, as
were annual incidences.

Results A total of 216 patients were identified, 25 of whom died. The proportion of otogenic meningitis was 31% but varied
from 6% among teenagers to 40% among adults. Before PCV, 23% of all meningitis cases were children < 2 years, compared
to 1% post-PCV. The average incidence in the adult population, on the other hand, increased post-PCV, though there were
large annual variations. S. pneumoniae was the most commonly identified pathogen in everyone but teenagers, in whom N.
meningitidis was predominant.

Conclusion AOM is an important cause of meningitis in children and adults. Though bacterial meningitis almost disap-
peared in children <2 years after the introduction of PCV, the incidence of pneumococcal meningitis in adults seems to
have increased.

Keywords Bacterial meningitis - Acute otitis media - AOM - Complication - Pneumococcal conjugate vaccine - PCV

Introduction

Despite advances in medical care, bacterial meningitis con-
tinues to be a challenging medical condition. Mortality rates
vary greatly, depending on pathogen, and setting, however,
is substantial also in countries with an advanced medical
health care [1]. The risk of sequelae, such as cognitive
impairments, hearing loss, or seizures, after recovery, is also
substantial with approximately 20% of surviving patients
developing at least one sequela [2].
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Bacterial meningitis sometimes develops as a complica-
tion to acute otitis media (AOM); however, few studies have
investigated the proportion of otogenic meningitis. AOM
is one of the most common bacterial infections worldwide,
and though most episodes are benign and resolve spontane-
ously, some lead to complications such as meningitis or mas-
toiditis [3, 4]. It has been shown that patients with bacterial
meningitis and concurrent AOM have a more unfavourable
outcome and a greater risk for post-meningitis hearing loss
[S, 6].

The most common bacteria causing community-acquired
meningitis are Streptococcus pneumoniae and Neisseria
meningitides [1]. Previous studies have shown that pneumo-
coccal meningitis is associated with a greater risk for severe
outcomes [2, 5]. S. pneumoniae is also the most common
pathogen in AOM and is particularly often associated with
AOM with complications.
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There are many knowledge gaps regarding bacterial men-
ingitis. Studies aiming at finding out the proportion of cases
occurring as a complication to AOM are very scarce, and
though it seems clear that pneumococcal meningitis with
vaccine serotypes have declined in young children after the
introduction of pneumococcal conjugate vaccines (PCVs),
there is conflicting evidence concerning pneumococcal men-
ingitis incidence in adults, and there are also signs of an
increased incidence of all-type pneumococcal meningitis
due to replacement with non-vaccine serotypes.

The purpose of this study was to investigate what pro-
portion of bacterial meningitis cases that were of otogenic
origin in an 18-year retrospective regional cohort. Secondary
outcomes were to investigate changes in incidence and bac-
teriology after the introduction of conjugate pneumococcal
vaccination.

Methods

In this retrospective, observational study, medical records
from all patients admitted to hospitals in the county of
Skéne, Sweden (population 1.3 million) with the ICD-code
GO0 (bacterial meningitis) between 2000 and 2017 were
retrieved. Exclusion criteria were neonatal, viral, fungal
or non-infectious meningitis, Borrelia or nosocomial, and
postoperative or ventricular shunt-related infections. Infor-
mation about gender, age, physical parameters on admission,
otoscopy/otomicroscopy results, CT/MRI signs of middle
ear infection, microbiological results, subjective hearing loss
and hearing tests was extracted from medical charts. Popula-
tion data were collected from Statistics Sweden. Pneumo-
coccal conjugate vaccine was introduced in 2009 in the form
of PCV7, which in 2010 was replaced by PCV10.

Hearing results were presented in a separate article [6].

Microbiological analyses were performed according to
current clinical practice. Cultures were performed on cer-
ebrospinal fluid, but in some cases also on blood, nasophar-
ynx, and middle ear fluid. In addition, during the latter part
of the study, a standard PCR for the most common menin-
gitis pathogens was introduced.

Statistical analyses were performed using Excel and Stata
16.1 (Stata Corp, College Station, Texas, USA). The patients
were categorised into five age groups: <2 years, 2—11 years,
12-19 years, 20-64 years, and 65 years and above.

A high fever was defined as a temperature of 39 °C and
above, sub-febrility as a temperature of 37.5°-38.9° and no
fever as anything below 37.5 °C. Associations between cat-
egorical variables were analysed using uni- and multivari-
able logistic regression; retrieving odds ratios (OR), 95%
confidence intervals (CI) and p-values. Variables that were
associated with the outcome in the univariable analysis were
then adjusted for in the multivariable analysis. Differences
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in proportions between two groups were compared using a
Chi*-test.

The study was approved by the Ethics Review Authority.
The STROBE guideline was used for the preparation of the
manuscript.

The role of the funding source was limited to provide the
researchers with research time. The funding sources played
no part in planning or carrying out the study, nor in the
analyses or preparation of the manuscript.

Results

Searches identified 553 patients with the diagnosis GO0
during the 18-year study period. After applying exclu-
sion criteria, 216 patients with community-acquired bac-
terial meningitis remained (Fig. 1). One hundred and nine
patients (50%) were female. The mean age was 50 years;
the youngest patient was three months and the oldest was
89 years. Forty-one (19%) of the patients were under the age
of 18 years. For demographic and microbiological informa-
tion, see Tables 1 and 2.

Twenty-five of the patients died, yielding a mortality rate
of 12%. Of the 25, eight had growth of S. pneumoniae, three
of S. aureus, one of Listeria monocytogenes, and in 13 cases,
the pathogen was unknown. At least 17 (68%) of the patients
who died had an affected consciousness when they were
admitted to hospital, and 12 (48%) were unconscious. This
meant that the odds of dying were higher for unconscious
patients (OR=2.73; 95% CI=1.17-6.40; p=0.02).

In 79 cases (37%), an ENT surgeon had examined the
patient, and an additional 37 patients had undergone otos-
copy performed by another specialist. This meant that otos-
copy/otomicroscopy was performed in 116 of the 216 cases
(54%). Among the remaining 100 patients, 98 had under-
gone CT/MRI scans, meaning it was possible to determine
whether the patient had a concurrent AOM in 214 of the
216 cases (99%). Fifty-five of the patients had a concurrent
AOM according to otomicroscopy/otoscopy, and another
eleven had signs of middle ear inflammation on CT/MRI.
Thus, a total of 66 patients (31%) were considered to have
an otogenic meningitis. The number of otogenic menin-
gitis cases in each age group are shown in Table 2. The
proportion of otogenic meningitis cases was 25% (18/72)
and 34% (48/142) in the pre- and post-PCV periods, respec-
tively (p=0.19), so there was no evidence of a change in
the proportion of otogenic meningitis after the introduction
of PCV. Patients with otogenic meningitis had higher odds
of having a high fever on admission to hospital (OR 3.8;
95% CI 1.4-10.8; p=0.01), but apart from that, there was
no evidence of a different clinical presentation compared to
those with meningitis of other origin. There was no associa-
tion between death and otogenic meningitis. The responsible
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pathogen could be identified in 57 of the otogenic meningi-
tis cases (86%). The most commonly identified pathogen in
otogenic meningitis was S. pneumoniae (n=>51), followed
by S. pyogenes (n=3) and H. influenzae (n=3). Interest-
ingly, N. meningitidis was found in the cerebrospinal fluid
in two cases of otogenic meningitis, both times together
with S. pneumoniae. Patients with pneumococcal menin-
gitis had four times the odds of their meningitis being oto-
genic (OR 4.1;95% C12.1-8.0; p<0.001), whereas patients
with meningococcal meningitis were very unlikely to have
a concurrent AOM (OR 0.17; 95% CI 0.04-0.74; p=0.02).
Patients with S. pneumoniae also had greater odds of hav-
ing a high fever (OR 2.6; 1.2-5.9; p=0.02). Those with S.
pyogenes as the causative pathogen were few, and though
the odds for them having a concurrent AOM was higher,

this could easily have occurred by chance (OR 3.5; 95%
CI 0.56-21.3; p=0.18). We have reported elsewhere that
otogenic meningitis was associated with an increased risk
of hearing loss [6].

The number of meningitis cases per year varied between
four and 30; the overall average incidence varying between
0.17/100.000 and 2.35/100.000 inhabitants (Fig. 2). In
the pre-vaccination period, children under the age of two
accounted for 23% of the total number of meningitis cases,
compared to just 1% in the post-vaccination period (Table 3).
As shown in Table 4, one and three children in the two low-
est age groups, respectively, had pneumococcal meningitis
after the introduction of PCV. The one child in the lowest
age group, had a non-vaccine serotype infection (serotype
33). As for the three cases in the age group 2—11 years, at
least two children had not been vaccinated, as they were too
old to be eligible for the vaccination programme. Vaccina-
tion status for the third child was not possible to conclude
from the medical files, and the serotype was unknown.

On the other hand, all-cause meningitis cases increased
in the adult population. In adults (the two upper age groups),
the average incidence in the pre-vaccination period was
0.53/100.000 compared to 1.47/100.000 in the post-vacci-
nation period, resulting in a net increase in the number of
meningitis cases (Table 3, Fig. 2). The increased number
of adult meningitis cases seemed not to be caused by one
specific pathogen, as the proportions of positive cultures
for each specific pathogen were similar before and after the
introduction of PCV (data not shown), but rather by a gen-
eral increase in the number of cases.

Administering antibiotics to patients as quickly as pos-
sible was often prioritised to the performance of a lumbar
puncture, meaning that the responsible pathogen could only
be identified in 177 of the patients (82%), however, in all
paediatric cases. The type of pathogen varied between age
groups (Table 2). By far the most common pathogen was
S. pneumoniae, occurring in more than 50% of the cases
(Tables 1 and 2). In the pre-vaccination period, there was
strong evidence that S. pneumoniae was more common in
the youngest age group (Table 4). There was also very strong
evidence that N. meningitidis was more common among
teenagers (Table 5).

Discussion

In this retrospective study on bacterial meningitis, per-
formed during 18 years in Sweden’s third most populous
region, 31% of all meningitis cases were of otogenic origin.
Not many studies have addressed this question. A Portu-
guese regional retrospective study [7] on patients of all ages
(=201) with bacterial meningitis found a concurrent AOM
in only 7% of the cases, whereas a national 2-year cohort
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Table 1 Demographics of study Demographic data

Number* (%)

patients
Pre-PCV Post-PCV Total
Gender Female 40 (55) 69 (48) 109 (50)
Male 33 (45) 74 (52) 107 (50)
Fever None 7(11) 27 (21) 34 (17)
Subfebrility 28 (42) 45 (35) 73 (37)
High fever 31 (47) 57 (44) 88 (45%)
Headache No 4(12) 14 (18) 18 (16%)
Yes 29 (88) 64 (82) 93 (84%)
Neck stiffness No 20 (34) 45 (37) 65 (36)
Yes 38 (66) 76 (63) 114 (53)
Affected consciousness No 24 (34) 53 (38) 77 (36)
Yes, but conscious 23 (33) 52 (37) 75 (36)
Unconscious 23 (33) 36 (26) 59 (28)
Survived Yes 66 (90) 125 (87) 191 (88)
No 7 (10) 18 (13) 25 (12)
Pathogen S. pneumoniae 39 (53) 79 (55) 118 (55)
N. meningitidis 11 (15) 15 (10) 26 (12)
S. pyogenes 34) 2(1) 5Q2)
S. aureus 1(1) 10 (7) 11(5)
Listeria 1(1) 4(2) 5(12)
H. influenzae type B 4(5) 6(4) 10 (5)
Group B streptococci** 1(1) 3Q2) 4(2)

*Due to missing data in some cases, numbers do not always add up to 216

**Neonatal GBS infections were excluded

Table 2 Association between age and various outcomes, entire cohort;

N (% of cases in the respective age group)

Age group
<2 2-11 12-19 20-64 >65 Total
Number of patients 19 9 19 93 76 216
Otogenic meningitis 4 (21%) 3(33%) 1 (6%) 37 (56%) 21 (32%) 66 (31%)
Pathogen S. pneumoniae 16 (84%) 4 (44%) 2 (11%) 53 (57%) 43 (57%) 118 (55%)
N. meningitidis 1(11%) 3 (33%) 12 (63%) 8 (9%) 1 (1%) 25 (12%)
S. pyogenes 0 (0%) 1(11%) 0 (0%) 2 (2%) 2 (3%) 52%)
S. aureus 0 (0%) 0 (0%) 0(0%) 6 (6%) 5 (7%) 11 (5%)
Listeria 0 (0%) 0 (0%) 0(0%) 1 (1%) 4 (5%) 52%)
H. influenzae type B 0 (0%) 0 (0%) 1 (5%) 3(3%) 6 (8%) 10 (5%)
GBS** 0 (0%) 1(11%) 0 (0%) 1 (1%) 2 (3%) 4 (2%)
Died 2 (11%) 1 (11%) 1 (5%) 13 (14%) 8 (11%) 25 (12%)

of Danish patients with pneumococcal meningitis (n=187)
found that 30% had AOM [8]. A local study from the UK
[9] retrospectively reviewed 87 adult cases with bacterial
meningitis and found that 15% of the patients had AOM,
which is in stark contrast to a local Israeli study (n=45),
where 58% of adult meningitis patients had AOM [10].
In several of these studies, it is not clear how many of the
patients had undergone neither otoscopy nor CT, meaning
there was no way of having any indication of whether there
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was a concurrent AOM. This, in turn, could mean that the
proportion of otogenic meningitis was underestimated. The
Danish and the English study were performed before the
introduction of PCV, and the Israeli study before and after.
In Portugal, PCV was readily available during the time of
the study, but it was not included in the national vaccination
programme. There was thus no clear association between
PCYV and the proportion of otogenic meningitis. Accord-
ing to data from the ECDC, IPD incidence in general vary
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Table 3 Proportion of Proportion of cases (all Age group

meningitis cases per age group

cause meningitis) per age

before and after the il’ltI‘Odl.lCtiOIl group pre- and post-PCV <2 2-11 12-19 20-64 >66 Total

of PCV; N (% of cases during

the respective period) N (%) Pre-PCV* 17 (23.3)  4(5.5) 8(11.1)  26(36.1) 17 (23.6) 73 (100)
Post-PCV* 2(1.4) 5(3.5) 10 (7.0) 66 (46.5) 59 (41.6) 143 (100)

*Pre-PCV =2000-2008; Post-PCV =2009-2018

Table 4 Association between age and pneumococcal infection in the pre- and post-PCV periods. (Univariable logistic regression) N (% of cases
in the respective age group)

S. pneumoniae Age group
<2 2-11 12-19 20-64 >66 Total
Pre-PCV* N (%) 15 (88%) 1 (25%) 0 (0%) 15 (58%) 8 (47%) 39 (53%)
OR (95% CI) Ref. 0.04 (0.003-0.66 - 0.18 (0.03-0.96) 0.12 (0.02-0.69)
p - 0.02 - 0.045 0.017
Post-PCV* N (%) 1 (50%) 3 (60%) 2 (20%) 38 (57%) 35 (59%) 79 (55%)
OR (95% CI) Ref. 1.5 (0.06-40.6) 0.25 (0.01-6.0) 1.3 (0.08-21.8) 1.4 (0.09-24.5)
p - 0.8 0.4 0.85 0.79
*Pre-PCV =2000-2008; Post-PCV =2009-2018
Table 5 Assgciation betv»feen Age group
age and meningococcal disease
(Univariable logistic regression) <2 2-11 12-19 20-65 > 66

N. meningitidis OR (95% CI) Ref. 4.25(0.57-31.9) 14.6 (2.6-82.7) 0.8 (0.16-4.1) 0.11 (0.01-1.32)
p - 0.16 0.002 0.8 0.08

between countries, with Portugal—with only a very small  incidences in e.g. Denmark and Sweden being very similar
proportion of otogenic meningitis—showing the lowest inci- ~ [11]. The only prospective study addressing the question
dences and the North European countries the highest, the ~ was performed in Angolan children [12], who all children
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had their ears examined. These authors found that 62 of 512
children (12%) had concurrent AOM.

The Swedish national quality register for bacterial men-
ingitis reports that about a third of meningitis cases have an
infectious focus in the ears. However, just as in the studies
referred to above, it is not clear from the register to what
extent patients have had an ear examination [13]. The results
in this study, where 99% of the patients had undergone at
least one of otoscopy or imaging, agree well with the all-
age Danish study and the paediatric Spanish study. Clinical
experience as well as data from the present study indicate
that, despite national guidelines stating that an ear exami-
nation should always be performed in meningitis patients,
this is often not the case. In our study, only 116 of the 216
patients (54%) had any record of otoscopy or otomicroscopy.
In the rest of the cases, our conclusion about otogenic origin
was based on the findings on CT/MRI. In this way, we tried
to estimate the proportion of meningitis cases originating
from an AOM. However, the other side of the coin, i.e., how
large a proportion of AOM cases develop meningitis is not
possible to estimate from our data.

Animal research has shown that the development of hear-
ing loss in pneumococcal meningitis is correlated to bacte-
rial load in the middle ear [14]. This indicates that drain-
ing of a middle ear infection ought to be important in order
to decrease the risk of hearing loss. This would, in turn,
emphasise the importance of ear examination.

Not surprisingly, patients with otogenic meningitis were
more likely to have a pneumococcal infection; however,
there was no evidence of the proportion of otogenic menin-
gitis declining after PCV, perhaps since the study was not
powered to prove any such difference.

The overall mortality rate in this study was 12%, and the
mortality rate for pneumococcal meningitis was 7%, which
is somewhere in between mortality rates for pneumococcal
meningitis reported from Germany (6%) [15], and England
and Wales (18%) [16].

During the 18-year study period, meningitis incidence
varied greatly from year to year, ranging from 0.18 to 2.35
cases/100.000 inhabitants. These incidences correspond well
to previously reported figures from high-income countries
[1].

In this study, bacterial meningitis almost disappeared
among the youngest children after the introduction of PCV.
Previous studies from various countries have also shown
a sharp decrease in vaccine-type pneumococcal meningitis
in children, particularly in those <2 years of age, however,
many have also noted a simultaneous increase in non-vac-
cine type meningitis, resulting in either a net increase or
a non-significant decrease in net meningitis cases [17-22].
Two review articles from 2020 and 2021 have concluded
that the promising decline in pneumococcal meningitis
seen after the introduction of PCV was temporary, and that
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non-vaccine serotypes are a major challenge in the future
[23, 24]. This study contains data until 2017, i.e. nine years
after vaccine introduction in Sweden, but saw no tendency
of an increased incidence in children, however, the findings
from other countries highlight the importance of a continued
surveillance.

The possible herd effect by PCV on pneumococcal men-
ingitis in adults has been less well studied, but some authors
have reported a decrease in incidence also among certain
adult age groups [17, 18, 25]. Others, however, have reported
a net increase in pneumococcal meningitis due infection with
non-vaccine serotypes [26]. Though the number of cases
in this study varied substantially from one year to another,
the average incidence post-PCV was almost three times as
high as pre-PCV, making a true increase highly likely. As
serotyping was missing from the medical files in most cases
in our study, we can draw no conclusions about serotype
replacement. The fact that only two cases were noticed post-
PCV in children <2 years (in 2009 and 2011) is surprising
if non-vaccine types had started to circulate, however, new,
less invasive non-vaccine types might have been circulat-
ing. However, the fact that uncomplicated AOM continued
to decrease in Sweden at least until 2014 [27] indicate that
replacement with pathogenic serotypes had not yet occurred.
A French study investigating the incidence of pneumococcal
meningitis between 2001 and 2017, i.e. virtually the same
period, found a decrease in children and elderly alike until
2015, after which incidences in both age groups rebounded
in parallel due to serotype replacement [28].

Like previous studies [1, 24], the present confirmed S.
pneumoniae followed by N. meningitidis as the major patho-
gens in bacterial meningitis. The same picture is seen in
the Swedish quality register for bacterial meningitis [13].
During the pre-vaccination period, S. pneumoniae was
most common among the very youngest, and in the post-
vaccination period among adults. N. meningitidis was most
prevalent among teenagers. This age distribution is well
known [13, 29]. Conjugate meningococcal vaccines, which
have proved to be very efficient in preventing meningococcal
meningitis, have not been introduced in the Swedish vac-
cination programme.

Vaccination against H. influenzae type B was introduced
in the Swedish vaccination programme in 1993. This patho-
gen only accounted for a few meningitis cases in this study;
all but one in non-vaccinated adults.

In conclusion, this 18-year cohort from an entire
Swedish county showed a dramatic decline in child-
hood meningitis after the introduction of PCV, but also
signs of an increased incidence in adults during the same
period. The fact that a third of the meningitis cases were
of otogenic origin, but only half of the patients had their
ears examined, emphasises the need for better compli-
ance with national guidelines, which state that otoscopy
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should always be performed in patients with meningitis. It
is important to continue to monitor what happens to men-
ingitis incidences, and to closely monitor serotype shifts.

Acknowledgements The work was funded by SUS Stiftelser och dona-
tioner (MGS) and Stiftelsen Konsul Thure Carlssons minne (MGS).

Author contributions NB collected all data from the medical files and
contributed to the final manuscript. AH contributed to the original idea
and contributed to the final manuscript. MGS verified the underly-
ing data drafted the manuscript, performed the statistical analyses and
performed the literature search. None of the authors have any conflicts
of interest to declare.

Funding Open access funding provided by Lund University.

Data availability The data that support the findings of this study are
available from the corresponding author, [MGS], upon reasonable
request.

Declarations

Conflict of interest None of the authors have any financial or non-
financial interests to disclose.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Hasbun R. Progress and challenges in bacterial meningitis: a
review. JAMA. 2022;328:2147-54.

2. Edmond K, Clark A, Korczak VS, Sanderson C, Griffiths UK,
Rudan I. Global and regional risk of disabling sequelae from
bacterial meningitis: a systematic review and meta-analysis.
Lancet Infect Dis. 2010;10:317-28.

3. Monasta L, Ronfani L, Marchetti F, Montico M, Vecchi Bru-
matti L, Bavcar A, et al. Burden of disease caused by otitis
media: systematic review and global estimates. PLoS ONE.
2012;7:€36226.

4. Schilder AG, Chonmaitree T, Cripps AW, Rosenfeld RM, Cas-
selbrant ML, Haggard MP, et al. Otitis media. Nat Rev Dis
Primers. 2016;2:16063.

5. vande Beek D, de Gans J, Spanjaard L, Weisfelt M, Reitsma JB,
Vermeulen M. Clinical features and prognostic factors in adults
with bacterial meningitis. N Engl J Med. 2004;351:1849-59.

6. Persson F, Bjar N, Hermansson A, Gisselsson-Solen M. Hear-
ing loss after bacterial meningitis, a retrospective study. Acta
Otolaryngol. 2022;142:298-301.

7. Santos LC, Simoes J, Severo M, Vazquez J, Lecour H. Bacte-
rial meningitis in an urban area: etiologic study and prognostic
factors. Infection. 2007;35:406-13.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Ostergaard C, Konradsen HB, Samuelsson S. Clinical pres-
entation and prognostic factors of Streptococcus pneumoniae
meningitis according to the focus of infection. BMC Infect Dis.
2005;5:93.

Ibrahim SI, Cheang PP, Nunez DA. Incidence of meningitis
secondary to suppurative otitis media in adults. J Laryngol Otol.
2010;124:1158-61.

Marom T, Shemesh S, Habashi N, Gluck O, Tamir SO. Adult
otogenic meningitis in the pneumococcal conjugated vaccines
era. Int Arch Otorhinolaryngol. 2020;24:e175-81.

ECDC. Available from: https://atlas.ecdc.europa.eu/public/
index.aspx

Lempinen L, Karppinen M, Pelkonen T, Laulajainen-Hongisto
A, Aarnisalo AA, Sinkkonen ST, et al. Otitis media-associated
bacterial meningitis in children in a low-income country. Pediatr
Infect Dis J. 2019;38:791-7.

Infektionsldkarforeningen S. Kvalitetsregistret for bakteriell
meningit. Available from: https://infektionsregistret.se/publi
kationer/arsrapporter

Perny M, Roccio M, Grandgirard D, Solyga M, Senn P, Leib SL.
The severity of infection determines the localization of damage
and extent of sensorineural hearing loss in experimental pneu-
mococcal meningitis. J Neurosci. 2016;36:7740-9.

Buchholz G, Koedel U, Pfister HW, Kastenbauer S, Klein M.
Dramatic reduction of mortality in pneumococcal meningitis.
Crit Care. 2016;20:312.

Oligbu G, Collins S, Djennad A, Sheppard CL, Fry NK,
Andrews NJ, et al. Effect of pneumococcal conjugate vaccines
on pneumococcal meningitis, England and Wales, July 1, 2000-
June 30, 2016. Emerg Infect Dis. 2019;25:1708-18.

Jacobs DM, Yung F, Hart E, Nguyen MNH, Shaver A. Trends in
pneumococcal meningitis hospitalizations following the intro-
duction of the 13-valent pneumococcal conjugate vaccine in the
United States. Vaccine. 2017;35:6160-5.

Hsu HE, Shutt KA, Moore MR, Beall BW, Bennett NM, Craig
AS, et al. Effect of pneumococcal conjugate vaccine on pneu-
mococcal meningitis. N Engl J Med. 2009;360:244-56.

Alari A, Cheysson F, Le Fouler L, Lanotte P, Observatoires
Regionaux du Pneumocoque n, Varon E, et al. Association of
pneumococcal conjugate vaccine coverage with pneumococcal
meningitis: an analysis of French administrative areas, 2001—
2016. Am J Epidemiol. 2019;188:1466-74.

Ben-Shimol S, Givon-Lavi N, Grisaru-Soen G, Megged O,
Greenberg D, Dagan R, et al. Comparative incidence dynamics
and serotypes of meningitis, bacteremic pneumonia and other-
IPD in young children in the PCV era: Insights from Israeli
surveillance studies. Vaccine. 2018;36:5477-84.

Georgalis L, Mozalevskis A, Martinezde Aragon MV, Gar-
rido-Estepa M. Changes in the pneumococcal disease-related
hospitalisations in Spain after the replacement of 7-valent by
13-valent conjugate vaccine. Eur J Clin Microbiol Infect Dis.
2017;36:575-83.

van der Linden M, Weiss S, Falkenhorst G, Siedler A, Imohl M,
von Kries R. Four years of universal pneumococcal conjugate
infant vaccination in Germany: impact on incidence of inva-
sive pneumococcal disease and serotype distribution in children.
Vaccine. 2012;30:5880-5.

Koelman DLH, Brouwer MC, van de Beek D. Resurgence of
pneumococcal meningitis in Europe and Northern America.
Clin Microbiol Infect. 2020;26:199-204.

van de Beek D, Brouwer MC, Koedel U, Wall EC. Community-
acquired bacterial meningitis. Lancet. 2021;398:1171-83.
Casez P, Fauconnier J, Jorgensen L, Gutterman EM, Gray S,
Munson S, et al. Longitudinal DRG-based survey of all-cause
and pneumococcal pneumonia and meningitis for inpatients in
France (2005-2010). Med Mal Infect. 2015;45:446-55.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://atlas.ecdc.europa.eu/public/index.aspx
https://atlas.ecdc.europa.eu/public/index.aspx
https://infektionsregistret.se/publikationer/arsrapporter
https://infektionsregistret.se/publikationer/arsrapporter

N. Bjar et al.

26.

217.

28.

Regev-Yochay G, Reisenberg K, Katzir M, Wiener-Well Y,
Rahav G, Strahilevitz J, et al. Pneumococcal Meningitis in
Adults after Introduction of PCV7 and PCV13, Israel, July
2009-June 2015(1). Emerg Infect Dis. 2018;24:1275-84.
Gisselsson-Solen M. Trends in otitis media incidence after
conjugate pneumococcal vaccination: a national observational
study. Pediatr Infect Dis J. 2017;36:1027-31.

Ouldali N, Varon E, Levy C, Angoulvant F, Georges S, Ploy
MC, et al. Invasive pneumococcal disease incidence in children

@ Springer

29.

and adults in France during the pneumococcal conjugate vac-
cine era: an interrupted time-series analysis of data from a
17-year national prospective surveillance study. Lancet Infect
Dis. 2021;21:137-47.

Mclntyre PB, O’Brien KL, Greenwood B, van de Beek D.
Effect of vaccines on bacterial meningitis worldwide. Lancet.
2012;380:1703-11.



	How common is otogenic meningitis? A retrospective study in southern Sweden over 18 years
	Abstract
	Background 
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Results
	Discussion
	Acknowledgements 
	References


