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Background: Invasive meningococcal disease (IMD) is a rare but severe bacterial infection, of which a high propor-
tion of survivors are affected by sequelae. In Denmark, IMD is a notifiable disease and data collection on sequelae
information has been automated, enabling studies of sequelae due to IMD diagnosed after discharge. The aim of this
study was to examine possible determinants for sequelae after IMD and to describe the distribution of sequelae by
age, serogroup and clinical presentation, for all cases in Denmark from 2005-2020.

Methods: Data from The National Database for Notifiable Infectious Diseases was linked to data from The Danish
National Patient Register and the Civil Registration System. Logistic regression models were used to study whether
age, serogroup and/or clinical presentation were associated with sequelae. A descriptive analysis of the proportion of
different types of sequelae across age groups, serogroups and clinical presentations was performed.

Results: In total, 25% of IMD survivors experienced one or more sequelae. We found no significant association
between sequelae and age. The five most common sequelae in decreasing order of incidence were hearing loss,
epilepsy, learning disabilities, headache and visual defects/loss of vision, with rates ranging from 8.2 to 2.8% of IMD
survivors. The proportion of survivors with hearing loss and visual defects/loss of vision was not significantly different

Conclusions: We suggest revising IMD treatment guidelines, to include routine referral to hearing and vision tests,
irrespective of clinical presentation. Furthermore, it is important to increase the awareness among parents of children
who have had IMD of possible future learning disabilities to make sure that necessary measures are taken in a timely
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Background

Invasive meningococcal disease (IMD) is a rare but
severe bacterial infection caused by Neisseria menin-
gitidis. Nasopharyngeal colonisation with Neisseria
meningitidis is observed in 5-10% of persons, without
them presenting any clinical symptoms. If the bacteria
invades the body, it can cause severe illness in the form
of meningitis or septicaemia (blood infection) [1]. IMD

*Correspondence: sisv@ssi.dk

? Infectious Disease Epidemiology and Prevention, Statens Serum Institut,
Artillerivej 5, 2300 Copenhagen S, Denmark

Full list of author information is available at the end of the article

B BMC

occurs worldwide with the highest incidence of the dis-
ease found in the ‘meningitis belt’ of sub-Saharan Africa.
IMD can be prevented through vaccination, but a vaccine
that protects against all serogroups does not yet exist.
Research points towards vaccination being the driving
force behind the decrease in serogroup C in many Euro-
pean countries, but the reason for the overall decline in
IMD in recent decades, predominatly in serogroup B,
is not clear [2]. In Denmark, the incidence of IMD has
decreased over the past 30 years and was stable at a
low level from 2014-2018, with an incidence of about
0.7 cases per 10° inhabitants per year. In 2019, the inci-
dence increased slightly to 1.0 cases per 10° inhabitants,
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followed by a drop during the COVID-19 pandemic to
0.3 cases per 10° inhabitants in 2020.

Although IMD can be treated with antibiotics, the mor-
tality remains high (5-15%) [1, 3]. Among the survivors,
10-20% will have long-term disabilities, such as deafness,
nervous system problems, brain damage or loss of limb(s)
[3-5]. Additionally, psychological/psychiatric sequelae,
such as anxiety, depression, attention deficit hyperactivity
disorder (ADHD) [6] and emotional and behavioural dif-
ficulties have been increasingly reported in the literature
in recent years [3]. Several studies found that older age
and clinical presentation (septicaemia only and meningi-
tis and septicaemia) are associated with a higher risk of
a fatal course of IMD [7, 8], but to our knowledge, stud-
ies on whether certain determinants are associated with
a higher risk of sequelae after IMD have not been done.

According to Danish law, IMD is notifiable to the Pat-
ent Safety Authority and the Department of Infectious
Disease Epidemiology and Prevention, Statens Serum
Institut (SSI). According to the guidelines for treatment
of acute bacterial meningitis from the Danish Society for
Infectious Diseases [9], physicians are obliged to notify
the authorities of a case of meningitis within 5 days of
the start of treatment. As many sequelae are diagnosed
after discharge, an underreporting of sequelae from the
physicians was expected. In 2014, Denmark began the
automated extraction of information regarding sequelae

Page 2 of 9

from the Danish National Patient Register (DNPR) with
the aim of reducing the amount of paperwork required of
physicians and improving data quality [10]. This method
enabled studies of sequelae due to IMD in which seque-
lae diagnosed after discharge were included, to be con-
ducted. The primary aim of our study was to investigate
whether age, serogroup and clinical presentation are
determinants associated with sequelae among survivors
of IMD and to describe the distribution of the different
sequelae per age group, serogroup, and clinical presen-
tation during the period 2005-2020. Another aim was
to describe the methods used for automatic retrieval of
information about sequelae.

Methods

Using registry based national data, we performed a ret-
rospective population based study. The data was col-
lected from the databases and registers shown in Fig. 1.
In addition to the mandatory reporting of suspected
and confirmed IMD cases to The National Database for
Notifiable Infectious Diseases (MIS) at SSI, the voluntary
submission of meningococcal isolates from blood, cere-
brospinal fluid and/or other relevant anatomical sites by
regional departments of clinical microbiology to SSI sup-
ports the ongoing surveillance. The Danish Microbiology
Database (MiBa), a national database containing reports
from all departments of clinical microbiology, has further

National Database for Reportable
Infectious Diseases
(MIS)

Civil Registration System (CRS)

Danish National Patient Register
(DNPR)
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supported surveillance of IMD since its establishment in
2010. The study population included survivors of IMD
who were registered in MIS between 2005 and 2020.
Survivors of IMD were defined as cases who were alive
30 days after microbiologically identified IMD. Vital sta-
tus and date of death were extracted from the Civil Regis-
tration System (CRS). Data extracted from MIS included
age, sex, date of debut, and clinical presentation (menin-
gitis only, septicaemia only, meningitis and septicaemia,
other invasive disease). Based on the current available
literature [5, 11], a list of known sequelae in the form of
ICD10 codes [12] was used for individual level extrac-
tion from The Danish National Patient Register (DNPR)
(see list in Additional file 1). DNPR contains all diagnoses
from admissions and outpatient contacts for all hospitals
in Denmark, excluding those from general practition-
ers and other private specialists (e.g. dermatologists and
orthopaedics). The data was linked via a unique identifi-
cation number (CRS-number) given to all legal residents
of Denmark.

Only sequelae registered after hospital discharge were
included. Diagnoses which appeared on the defined list
of sequelae but were registered both before and after the
IMD-hospitalization, were excluded. Time limits were
set for certain categories of diagnostic codes to define
whether the diagnosis was a sequela or not (Additional
file 1). For example, in adult cases, visual defects diag-
nosed more than 1 year after IMD were not consid-
ered to be a sequela, whereas for infants it was, due to
the fact that there are limited other reasons for visual
defects among infants as age-related visual impairment,
cataracts, etc. do not affect this age group. The data was
extracted in January 2021.

Data analysis

Potential determinants were divided into categories.
Due to small numbers, cases of serogroup A, X, Z, 29E
as well as cases of unknown serogroup were pooled as
“other”. The effects of the determinants on the outcome
(sequelae or no sequelae) among survivors were analysed
using a univariate logistic regression and a multivariate
logistic regression model including all determinants and
adjusted for sex. Odds ratios (OR) and 95% confidence
intervals were estimated. A descriptive analysis was done
for reporting frequency of sequelae among survivors of
IMD cases from 2005-2020. The need for rehabilitation
could reflect sequelae and the proportion of survivors
who received rehabilitation was, for that reason, reported
in the descriptive analysis (but not included as a seque-
lae in the logistic regression analyses). Statistical analyses
were performed in STATA (version 14 StataCorp Texas).
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Results

Denmark had 935 IMD cases between 2005 and 2020,
of which 96.5% was laboratory confirmed. Cases were
seen across all ages (0-96 years, mean age 26 years). A
double peak was observed for the age groups with the
highest number of cases, one among children 0-5 years
of age and a second peak among adolescents. Of the 935
cases, 66 died within 30 days of microbiologically identi-
fied IMD, and among the 869 survivors, 25% experienced
one or more sequelae: 161 survivors were registered with
only one, 45 with two sequelae, and seven were registered
with three sequelae. Hearing loss was the most frequent
sequelae among those registered with only one seque-
lae. The most frequent combinations for those registered
with two sequelae were epilepsy and headache (n=6)
and epilepsy and hearing loss (n=4).

Survivors with sequelae and those without had compa-
rable distributions across all determinants except clinical
presentation (Table 1).

The proportion of cases with and without sequelae
was also comparable across year of infection (Additional
file 2).

The univariate analysis among survivors indicated
that age and serogroup were not associated with seque-
lae (p=0.523, p=0.096), while clinical presentation
was (p=0.019). In the multivariate logistic regression,
the odds of sequelae seemed to increase with age, but
the trend was not significant (p=0.21). No statistically
significant association between sequelae and clinical
presentation or serogroup was observed (Table 2). A neg-
ative association for cases with serogroup W compared
to cases with serogroup B was found (OR 0.38; 95%-CI
[0.17;0.87], p=0.022).

Sequelae experienced among the 869 survivors of IMD
during the period 2005-2020 are shown in Table 3. The
numbers shown for each category of the three variables:
age group, serogroup and clinical presentation, are the
proportion of the specific sequelae in each of the cat-
egories. The number of cases with the specific sequelae
are shown in Additional file 3. The most frequently reg-
istered sequelae was hearing loss (8.2%), equivalent to
35% of all cases with sequelae. The proportion varied
from 6.8 to 10.6% between age groups, but was most fre-
quently observed in cases older than 65 years and most
rarely among children 0-5 years. The second most fre-
quent sequelae was epilepsy, which was registered for
47 cases (5.4%). Occurrence of epilepsy ranged between
3.8-8.0% in the different age groups and was most fre-
quently observed in the age group 26—65 years. The dif-
ference in distribution between age groups, serogroups
and clinical presentations was not statistically significant
for hearing loss nor epilepsy. The third most frequent
sequelae registered was learning disabilities (3.6%), for
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Table 1 Characteristics of 869 survivors of invasive meningococcal disease by experiencing sequelae or not from 2005-2020

Cases p-value
Total Sequelae No sequelae
n (%) (n) (%) (n) (%)
Gender
Male 468 (54%) 108 23 360 77 0.288
Female 401 (46%) 105 26 296 74
Age group
0-5 281 (32%) 62 22 219 78 0.520
6-15 142 (16%) 33 23 109 77
16-25 179 (21%) 45 25 134 75
26-65 163 (19%) 48 29 115 71
66+ 104 (12%) 25 24 79 76
Serogroup?
B 379 (44%) 95 25 284 75 0.078
C 232 (27%) 65 28 167 72
w 71 (8%) 8 11 63 89
Y 54 (6%) 13 24 41 76
Other 131 (15%) 31 24 100 76
Clinical presentation
Meningitis only 5 (36%) 81 26 234 74 0.018
Meningitis and septicaemia 245 (28%) 74 30 171 70
Septicaemia only 285 (33%) 54 19 231 81
Other invasive disease 24 (3%) 4 17 20 83

2Two cases had unknown serogroup

Table 2 Univariate and multivariate logistic regressions, determinants possibly associated with one or more sequelae after invasive
meningococcal disease

Univariate Multivariate
OR 95% Cl p OR 95% CI p
Age group 0.523 0.107
0-5 Ref Ref
6-15 1.07 (0.66-1.73) 0.784 1.05 (0.64-1.72) 0.851
16-25 1.19 (0.76-1.84) 0447 1.26 (0.8-1.99) 0.310
26-65 147 (0.95-2.29) 0.083 1.80 (1.13-2.85) 0.013
66+ 1.12 (0.66-1.9) 0.681 1.66 (0.91-3.03) 0.102
Serogroup 0.096 0.146
B Ref Ref
C 1.16 (0.8-1.68) 0421 1.14 (0.78-1.67) 0487
W 0.38 (0.18-0. 82) 0.014 0.38 (0.17-0.87) 0.022
Y 0.95 (0.49-1.84) 0.875 093 (0.46-1.89) 0.843
Other 093 (0.58-1.48) 0.748 0.97 (0.6-1.56) 0.903
Clinical presentation 0.019 0.023
Meningitis only Ref Ref
Meningitis and septicaemia 1.25 (0.86-1.81) 0.239 1.33 (0.91-1.95) 0.143
Septicaemia only 0.68 (046-1) 0.048 0.68 (045-1.04) 0.074

Other invasive disease 0.58 (0.19-1.74) 0.330 0.65 (0.21-2.01) 0459
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which a significant difference between age groups was
seen, with the highest proportion being among cases
under 16 years. The distribution between serogroups
and clinical presentations was not significantly different.
The fourth most frequent sequelae was headache, which
was registered for 30 cases (3.5%). The proportion was
significantly different between age groups, varying from
1.4 to 6.7%, with the highest proportion seen in the age
group 16-25 years and the lowest among those 0-5 years
and 66+ (1.4% and 1.9%). The difference in distribution
between serogroups and clinical presentation was not
statistically significant. Twenty-four cases (2.8%) had vis-
ual defects or loss of vision, the fifth most frequently reg-
istered sequelae. It was most commonly observed among
children 0-5 years (4.3%) and rarely among patients older
than 65 years (1%). For visual defects/loss of vision, the
difference in distribution between age groups, serogroups
and clinical presentations was not statistically significant.
Furthermore, as seen in Table 3, 2.9% (25 cases) received
rehabilitation after having IMD.

Discussion

This study examined the association between the deter-
minants age, serogroup and clinical presentation and
experience of sequelae after invasive meningococcal
disease. Among the 869 survivors, 213 (25%) developed
sequelae. The odds of experiencing/developing sequelae
increased for all age groups, except for 66+ years, when
compared to the reference group (0-5 years). However,
there was no statistical support for trend. The propor-
tion of IMD cases with sequelae in this study is overall
similar to a German study from 2020, which concluded
that severe complications and sequelae were associated
with extensive costs and increased usage of healthcare
resources in Germany due to IMD-related hospitaliza-
tion, especially in the 1st year after IMD diagnosis [13].
Orthopaedic sequelae/amputations and skin necrosis/
scarring are commonly reported sequelae in IMD sur-
vivors [3, 13, 14]. We found a surprisingly low propor-
tion of cases with embolism, thrombosis, amputation,
gangrene and skin necrosis (0.5%). These severe seque-
lae appear during the course of the acute illness, and
registration in DNPR are therefore expected. Unlikely,
if orthopaedic sequelae/skin scarring by mistake are not
registered by the hospital, and the patient receives treat-
ment by private orthopedic surgeons, dermatologists or
plastic surgeons later on, data would not be included in
the study. The reason behind the low proportion found
in our study is unknown, but early diagnosis and early
initiation of treatment could play a role. Howitz et al.
[7] found estimates of association between age group
and fatal outcome very similar to the estimates we found
between age group and sequelae. Additionally, Howitz
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et al. found clinical presentation to be associated with
fatal outcomes.

For the 0-5 years age group, the three sequelae with
highest frequency were hearing loss (6.8%), learning dis-
abilities (5.3%) and visual defects/loss (4.3%). Hearing
loss was the most frequent sequelae in all age groups and
was observed in 5.6-9.8% of cases across clinical pres-
entation. Altogether, 35% of all cases with sequelae had
hearing loss. Similar results were found by Edmond et al.
[5], where 7.8% of children< 16 years experienced hear-
ing loss, and by Stein-Zamir et al. [15], where 7% of the
children had hearing impairment, of which half of the
children had severe hearing loss, 1.7% needed hearing
aids, and 0.9% had a need for cochlear implant. The treat-
ment guidelines for acute bacterial meningitis from the
Danish Society for Infectious Diseases [9] include referral
to an outpatient hearing check. According to the results
of our study, the referral should also be made for IMD
cases with a clinical presentation other than meningi-
tis. Similarly, visual defects and/or loss of vision should
be checked for routinely, especially among children for
whom the occurrence was the highest, as the ability to
detect it by themselves is small.

For children attending primary and lower second-
ary school (age 6 to 16 years), the frequency of learning
disabilities among IMD survivors was 5.4%. Screening
for learning disabilities is more complex than conduct-
ing hearing and vision tests and learning disabilities are
likely to go undetected until later in life in very young
cases. For that reason, our results might underestimate
the occurrence of learning disabilities after IMD. Ensur-
ing that parents are aware of the risk of learning disabili-
ties might increase the likelihood of detection, providing
the opportunity to give the child the help he or she needs
to cope and/or compensate. However, the rather low pro-
portion of learning disabilities occurring in children as a
result of IMD should be mentioned to avoid unnecessary
parental concern.

The surveillance system for IMD in Denmark works
well and the total number of IMD cases is assumed to be
accurate, as the mandatory notification system has been
supported both by MiBa and the voluntary submission
of meningococcal isolates from regional departments of
clinical microbiology since 2010. For quality control of
the automated method for obtaining data on sequelae,
The Department of Infectious Disease Epidemiology and
Prevention, SSI performed a retrospective non-inferior-
ity cohort study on data from 2004-2013 (unpublished
data). The study showed that the automated retrieval of
data identified more cases with sequelae compared to
data from the manual reporting of sequelae from treat-
ing physicians, but the number of sequelae per case was
similar.
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In our study, a higher number of IMD sequelae was
seen compared with surveillance data from before the
automated use of data from registries was implemented
(data not shown). We believe these results reflect a cred-
ible assessment of the type and frequency of sequelae
because we captured sequelae diagnosed after discharge
using an automated extraction method of sequelae diag-
noses from the Danish National Patient Registry (DNPR).
In a systematic review by Olbrich et al. from 2018, simi-
lar or even higher proportions of IMD sequelae were
found [3]. Despite the higher proportions of sequelae, we
assume that there may be an underestimation of some
sequelae, e.g. learning disabilities, due to short follow
up times for cases during the most recent years, vary-
ing completeness and validity of the DNPR and the fact
that the presence of learning disabilities is not always
immediately apparent in infant IMD cases [16]. The auto-
mated data extraction method saves time for the treat-
ing physicians, provides high quality data, and enables
the comparison of data between different years, as the
same criteria are used. Furthermore, the method can be
expanded if additional diagnostic codes need to be moni-
tored, e.g. the psychiatric/psychological sequelae.

Howitz et al. examined selected neurological sequelae
and found an association between a specific serogroup B
phenotype (B:15:P1.7,16) and increased risk of perceptive
hearing loss [7]. At SSI, whole genome sequencing is per-
formed with all submitted meningococcal isolates from
patients with IMD. Thus, possible associations between
specific genotypes and sequelae may be studied in the
future.

A limitations of our study includes the possibility that
some diagnostic codes (sequelae) are missing, though the
list of sequelae was based on findings from current sci-
entific literature. Studies have shown that admission of
children for meningococcal disease is associated with an
increase in, and high levels of, psychiatric and posttrau-
matic stress disorder symptoms among children and par-
ents, both in the short and long term [16, 17]. A survey
in England showed that 11% of children aged 3-16 years
old who had been admitted due to meningococcal dis-
ease had an increased risk of developing posttraumatic
stress disorder (PTSD) within 1 year after hospitalization
[16]. Another study from England found no significant
difference in the prevalence of PTSD between children
with serogroup B IMD and controls, but found that about
one-tenth of children surviving serogroup B meningo-
coccal disease had major disabling deficits and more than
a third had one or more deficits in physical, cognitive and
psychological function [18]. In the present register based
study we did not include psychological sequelae, as many
factors can possibly influence the development of these
conditions and a questionnaire based survey would be
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needed to take such factors into account. Further inves-
tigation of psychiatric, as well as physical sequelae, after
IMD is needed and interactions between the different
sequelae would be interesting to study in this context.
Above all, the focus on screening for psychological dis-
orders and cognitive deficits, in addition to outpatient
hearing checks in hospitals is of paramount importance.
Additionally, the time limits we used to define whether
diagnostic codes were sequelae or not were defined
from a clinical perspective and could have been a limi-
tation. Many sequelae were only included if diagnosed
within 1 year of having IMD. These time limits partly
explain that the proportion between cases with seque-
lae and cases without sequelae was comparable over the
year of infection. Another limitation is the risk of under-
estimation as the number of sequelae in the DNPR only
contains diagnosis codes given in hospitals. The general
practitioners probably manage and treat some or many
patients with mild sequelae (e.g. headache or mild cogni-
tive problems). Lastly, sequelae identified through diag-
nostic codes cannot definitely be attributed to IMD, and
the lack of a matched comparison group could be a limi-
tation. Though, we are quite confident using this method,
as we prior to this study compared data regarding seque-
lae registered by the treating physician in the notifica-
tion form with data extracted from DNPR over a 10-year
period. The study found the same number of sequelae pr.
case, but a higher number of cases with sequelae, espe-
cially hearing loss (often diagnosed after discharge and
therefore not registered by the treating physician). This
unpublished study concluded that use of DNPR data for
surveillance was not inferior to data collected via notifi-
cation forms.

Conclusions

We suggest that routine referral to hearing tests should
be included in guidelines for treating IMD, regardless of
clinical presentation. Similarly, visual defects or loss of
vision should be routinely checked for, especially among
children younger than 16 years. Making parents of chil-
dren who have had IMD aware of the possibility of future
learning disabilities is important to ensure that necessary
measures can be taken, even if it may cause unneces-
sary parental concern. Automated extraction of data on
experienced sequelae is a useful method that saves time
for treating physicians and generates high-quality surveil-
lance data.
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