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Abstract

The purpose of this study was to estimate simple measures of the burden of non-invasive
pneumococcal pneumonia (PnPn) hospitalisations in those aged 50 years and older (50+)
in Norway. We conducted a retrospective register-based study and used discharge codes
from the Norwegian Patient Register (NPR). We identified episodes of non-invasive PnPn
in 2015 to 2016 and predicted its incidence from 2015 to 2019 based on the trend found
in notified invasive pneumococcal disease cases. Overall, we identified 45-46 hospital episodes
per 100 000 population of non-invasive PnPn in 2015 and 2016, each episode taking 6-8 days,
and with increasing incidence with higher age. Among all identified PnPn episodes, 3 out of 4
were classified as non-invasive. We predicted that the monthly number of non-invasive PnPn
episodes ranges from 39 [95% confidence interval (CI) 24-55] in August to 97 (95% CI 74—
134) in December. No annual trend was identified. This study indicates that the burden of
non-invasive PnPn hospitalisation has a substantial impact on the health and health care
use of the 50+ population in Norway, despite the childhood immunisation programme.
Many hospitalisations may be prevented through vaccination.

Introduction

The bacterium Streptococcus pneumoniae, commonly called the pneumococcus, is a normal
inhabitant of the human upper respiratory tract, i.e., colonises the nasopharyngeal tract, espe-
cially in children. S. pneumoniae can cause infections in many parts of the body, and may
cause pneumonia, otitis, sinusitis, meningitis and sepsis.

S. pneumoniae is the most common aetiology in community-acquired pneumonia (CAP)
and is reported to be responsible for 20% of all adult CAP-cases in Europe [1], despite its chal-
lenges in diagnosis [2]. The observed prevalence varied significantly between regions in
Europe [1]. In a recent study from the UK, 37% of all CAP were caused by S. pneumoniae,
and these authors also reported that the annual pneumococcal CAP had increased from
2013 to 2018 [3].

Invasive pneumococcal disease (IPD), defined as isolation of S. pneumoniae from a
normally sterile site, is a notifiable disease in many countries including Norway. According
to the Surveillance System for Communicable Diseases (MSIS) the annual number of cases
ranged from 522 to 599 in the years before the coronavirus disease 2019 (COVID-19) pan-
demic (2015-2019) [4]. The annual number of notified IPD dropped to 295 during the
COVID-19 pandemic year 2020, of which 241 (82%) occurred in the 50+ population.
Non-invasive disease such as non-invasive pneumococcal pneumonia (PnPn) is not notifiable.
Therefore, we do not have an overview of its epidemiology, although hospitalised cases of
non-invasive PnPn can be found in the Norwegian Patient Register (NPR) using discharge
diagnoses. Non-invasive PnPn is less severe than IPD, however the incidence is much higher
and thereby it contributes substantially to the burden of pneumococcal disease.

In a meta-analysis, the estimated proportion of all PnPn that was invasive was 25% [95%
confidence interval (CI) 21-29] [5]. In agreement with these findings, a more recent study
from the Netherlands (among 409 patients) found that 30% of the PnPn episodes were inva-
sive and 70% non-invasive [6]. Both, young children, elderly and persons with weakened
immune systems are at high risk of acquiring pneumococcal disease [7, 8].

The currently available 13-valent pneumococcal conjugate vaccine (PCV13) and the
23-valent polysaccharide vaccine (PPV23) are both safe and efficacious in preventing invasive
and non-invasive pneumococcal disease [9]. Vaccination against pneumococci with PCV13 is
included in the national childhood immunisation programme (NIP) in Norway since 2011.
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The PPV23 is recommended for older adults (65+) and persons
belonging to risk groups i.e. persons with underlying diseases
[10]. PCV13 in combination with PPV23 is only recommended
for a few high-risk groups. However, as of today, there is no
national immunisation programme for pneumococcal vaccination
for older adults (50+) in Norway, therefore costs are not reim-
bursed. Uptake has been low (around 15%) and differences related
to social, economic and place of residence (geographical factors)
may occur [8]. Because of the increasing proportion of 50+ popu-
lation in Norway, likely resulting in an increasing demand for
health care in the next few decades, preventing infectious diseases
through immunisation will be essential [11].

The Norwegian Institute of Public Health (NIPH) is partici-
pating in the project on Vaccines and Infectious Diseases in the
Ageing Population (VITAL) [12]. The project aims to quantify
the impact of vaccination strategies for protecting the ageing
population against infectious diseases. The VITAL project has
published a review of gaps of data and potential data sources
for burden of disease. However, PnPn specific data is lacking
for Norway as well as for most European countries [13].

In order to inform and improve adult-vaccine policy for
pneumococcal vaccination in Norway we need, in addition to
the burden of IPD, to better understand the burden caused by
non-invasive PnPn in the 50+ population. We therefore aimed
to estimate simple measures of the burden of non-invasive
PnPn hospitalisations in the 50+ population. Furthermore, we
aimed to predict the number of hospitalised non-invasive PnPn
episodes in 2015-2019 using hospital discharge data for 2015-
2016 and to extrapolate to 2019 based on the trends found in IPD.

Methods
Study design, data and definitions

This study is a retrospective register-based study. The study popu-
lation is the Norwegian population aged 50+ in 2015-2019 (34%-
36% of the total population depending on the year, Statistics
Norway). We used hospital discharge data from NPR. A selection
was made from NPR that included all patients 50+ (aged 50 years
and older) in 2015-2016 with a discharge code according to
ICD-10 codes that might be pneumococcal diseases (Fig. 1).
Age, dates and discharge diagnoses for all their episodes from
all hospitals in Norway in the study period were included in the
dataset. These data were obtained as part of previous European
studies that included Norwegian data [14, 15]. Ethical clearances
for the usage of the hospital discharge data in this study were
obtained from the Regional Committees for medical and health
research ethics (REK, No 28638 and 28635). Data on the number
of IPD cases notified to the MSIS, stratified by month, year
(2015-2019) and age group were retrieved from the web [4], see
also Table S1. The population data were obtained from Statistics
Norway, open source. As the study period was pre-COVID-19,
the IPD and non-invasive PnPn incidence was not affected by
the COVID-19 infection prevention and control measures.
All-cause pneumonia (ACP) was defined as a first-listed dis-
charge diagnosis of pneumonia according to the ICD10-codes
J10.0, J11.0, J12%, J13, J14, J15%, J16*, J17*, J18*, J86%, ]J98.0
(*including the 3 digits). The invasive disease was defined accord-
ing to any of the following ICD-10 codes A40*, A41*, A49*, G00*,
MO00*, B95.3, B95.4, B95.5 or 130.1. We defined episodes per per-
son as one or several admissions for ACP within the same 30 days.
If there were any ICD-10 code that defined an invasive disease,
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the disease status of the episode was set to invasive, otherwise dis-
eases status was set to non-invasive. Non-invasive PnPn was
defined according to ICD-10 code J13 but without having any
ICD-10 code that reflects invasive disease within the episodes
(i.e. within 30 days). Note that a PnPn case will often be coded
as J13 based on a combination of symptoms and radiological find-
ings with supporting laboratory evidence of pneumococcal aeti-
ology. Invasive PnPn was defined according to the invasive
ICD-10 codes, and/or at least one of the following codes J13,
A40.3, G00.1 and M00.1*, B95.3 (*including the 3 digits, Fig. 1).

Cases of IPD and hospital episodes of non-invasive PnPn were
aggregated by year, month and age group. Descriptive statistics for
the number of episodes, duration of hospital stay and readmis-
sions were calculated per age group according to standard proce-
dures. Incidences were calculated using the Norwegian population
size as the denominator. To obtain denominator data per month,
we added growth as a linear change per month based on the size
of the population at January of the next year, to account for
changes in the population size.

Modelling approach

We aimed to predict the monthly number of non-invasive PnPn
hospital episodes for the period from 2015 up to 2019. Hospital
data on non-invasive PnPn were available for two years (2015-
2016), which is a period too short to use for predicting the follow-
ing years. However, the trend has been found to be similar for
IPD and non-invasive PnPn [3, 6, 16]. We therefore explored
this similarity and then predicted non-invasive PnPn trends
based on IPD trends.

To predict the IPD trend, we updated a previous published
quasi-Poisson model [17] using IPD data on those aged 50+
(IPD model). Because of changes in the childhood immunisation
programme in 2011 and subsequent redistribution of the sero-
types [18], we choose to use data on IPD counts from 2015
onwards. Explanatory variables that were tested in the regression
model were year and month (year as a continuous variable and
month as a factor). Akaike information criterion (AIC) was
used to choose the best model. To account for changes in the
population size we used the estimated Norwegian population at
a given month ( pop).

We modelled associations between monthly episodes of non-
invasive PnPn and IPD, comparing both linear and log-linear
regression models (non-invasive PnPn model).

Based on the IPD model we predicted the number of episodes
with 95% Cls for each month from 2015 to 2019. Then these pre-
dicted IPD episodes (IPD,) were further used as a time-dependent
explanatory variable in the non-invasive PnPn model to predict
the number of non-invasive PnPn episodes (the dependent vari-
able). To predict the lower/upper bounds of the 95% CI for non-
invasive PnPn, we used the corresponding lower/upper bounds of
the 95% CI from the IPD model in the non-invasive PnPn model.
We checked the data on IPD and non-invasive episodes for
extreme observations and performed a sensitivity analysis by run-
ning the modelling approach without these.

The statistical analyses were conducted in R version 4.0.2 (The
R Foundation for Statistical Computing).

Results

We identified 44 876 episodes among 37 633 individuals that were
hospitalised with ACP as the first listed discharge diagnosis
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Fig. 1. Flowchart; generating variables from hospital discharge data on all cause pneumonia (ACP), invasive and non-invasive pneumococcal pneumonia (PnPn).

(Fig. 1). Among all hospitalised ACP episodes, 5% were identified
as being caused by pneumococci, i.e., PnPn (2015; 1106/22 543
and 2016; 1107/22 333 Table 1). Among all identified PnPn epi-
sodes a total of 73% (812 of 1106 PnPn episodes in 2015) and
74% (821 of 1107 PnPn episodes in 2016) were identified as non-
invasive PnPn.

We identified 45-46 hospital episodes per 100 000 population
(n=812 and 821) of non-invasive PnPn in 2015 and 2016 for the
50+ (Table 1). The number of episodes of non-invasive PnPn per
100 000 increased by age, and ranged from 15 and 16 per 100 000
among those aged 50-59 to 123 and 121 per 100 000 among those
aged 80 or older (80 +). The duration of hospitalisation due to
non-invasive PnPn ranged from an average of 6.2 to 8.2 days
(median 4 to 6 days, no differences between age groups). About
1 out of 10 patients were hospitalised several times for non-
invasive PnPn; the proportion with re-admission ranged between
9% and 15%, depending on the age group (Table 2). There was no
visual trend between the age groups and the proportion with
re-admissions.

We tested for an annual trend in IPD during the modelling
process, but the year was not significant. The updated
quasi-Poisson IPD model (1.1) predicted a seasonal trend,
which is well known for the pneumococcus, with peaks during
the winter months (Fig. 2, Table S2).

IPD; = exp(log (pop,) + By + Bmonn X monthe + &) (1.1)

The best fitted non-invasive PnPn model was the log model
(1.2). This model included intercept=1.75 and betal =0.67
(R squared = 0.50, Fig. 3).

Non invasive PnPn; = exp(B, + B; x log(IPDy) + &) (1.2)
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Table 1. The number of episodes of all-cause pneumonia, non-invasive
pneumococcal pneumonia, invasive pneumococcal pneumonia and invasive
pneumococcal disease in the population aged 50 years and older in Norway
(2015-2016), based on ICD-10 discharge codes defined per person within the
same 30 days of hospitalisation

2015 2016

2015 per 2016 per
Disease Episodes 100 000 Episodes 100 000
All-cause pneumonia® 22543 1271 22333 1235
Non-invasive 812 46 821 45
pneumococcal pneumonia®
Invasive pneumococcal 294 17 286 16
pneumonia®
Invasive pneumococcal 431 24 488 27

disease (MSIS)?

“Data source: Norwegian Patient Register (NPR).
bData source: Surveillance System for Communicable Diseases (MSIS).

The predicted monthly number of non-invasive PnPn ranged
from a minimum of 39 (95% CI 24-55) in August to a maximum
of 97 (95% CI 74-134) episodes in December, Fig. 4). Overall, we
predicted 839 non-invasive PnPn cases leading to 44 episodes per
100 000 in 2019.

A sensitivity analysis was performed by excluding the numbers
for December 2016, where the amount of IPD cases was especially
high. This outlier coincided with a large influenza season [19].
When this outlier was excluded, year was still not significant in
the IPD model (1.1), but this resulted in a better fit of the non-
invasive PnPn model (1.2, R*=0.53), and thus a change in the
range of the predicted monthly number of episodes from a
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Table 2. The number and incidence of non-invasive pneumococcal pneumonia episodes by age group (aged 50 years and older)?, duration of hospitalisation (median, mean and max days), per cent re-admissions
(more than 1 episodes per person), number of patients and maximum number of episodes per patient, Norway 2015-2016

Days in Hospital

Norway Number of Episodes per Readmission % (episodes/ Maximum number of
Year Age-group population size Episodes patients 100 000 Median Mean Maximum total episodes) episodes per patients
2015 50-59 652 318 99 96 15 5] 6.8 42 12.1% (12/99) 3
2015 60-64 287494 7 7 27 6 8.4 57 9.1% (7/77) 1
2015 65-69 277702 121 116 44 5 7.2 37 14.0% (17/121) 3
2015 70-79 336163 244 238 73 6 8.2 82 13.5% (33/244) 2
2015 80-89 176 933 192 190 109 6 7.6 52 10.9% (21/192) 2
2015 90 + 43504 79 78 182 5 6.5 24 11.4% (9/79) 2
2016 50-59 661 727 103 100 16 4 6.5 38 14.6% (15/103) 3
2016 60-64 291 084 102 96 35 5 6.2 28 8.8% (9/102) 5
2016 65-69 279 227 108 108 39 5 73 61 5.6% (6/108) 3
2016 70-79 355848 241 238 68 6 7.4 48 9.1% (22/241) 2
2016 80-89 176 079 213 212 121 5 7.2 50 8.0% (17/213) 2
2016 90+ 43 946 54 54 123 5 73 27 9.3% (5/54) 2

Episodes were based on ICD-10 discharge codes defined per person within the same 30 days.
?Data source: Norwegian Patient Register (NPR).
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Fig. 2. Observed (in black) and predicted (in red) monthly number of episodes of invasive pneumococcal disease in the population aged 50 years and older in
Norway (2015-2019) with 95% Cls (in orange). Data source: Surveillance System for Communicable Diseases (MSIS).

minimum of 36 (95% CI 20-53) in August to a maximum of 107
(95% CI 78-156) in December, see Figs S1 and S2).

Discussion

In this study, we used nationwide hospital discharge data for
2015-2016 to estimate simple indicators for the burden of hospi-
talised non-invasive PnPn among the 50+ population in Norway.
The estimated annual number of non-invasive PnPn episodes per
100 000 identified in the present study is similar to those reported
in other countries, with overlapping time and age groups [3, 20].
We identified that for each episode of invasive PnPn there are at
least three episodes of non-invasive PnPn, which is in line with
findings in other studies [5, 6]. We found that the number of epi-
sodes was 8 times higher in the oldest age group (age 80+) com-
pared to the youngest (age 50-59), indicating that the risk of
hospitalisation due to non-invasive PnPn increases with age,
just like IPD [8]. This corresponds to observations reported
from other countries [3, 16, 20, 21]. This higher risk with age
reinforces the importance for older age groups to be vaccinated
against pneumococcal disease. Persons above 65 years old (65+)
are already recommended to be vaccinated, however the coverage
has been quite low. Increased uptake of vaccination may prevent
disease and hospitalisations in this group. Currently, people aged
50-64 years are recommended to be vaccinated only if they have
comorbidities. Because of the lower incidence in this age group
(age 50-65) compared to those aged 65+, a cost—effectiveness ana-
lysis would be needed to decide on a general pneumococcal vac-
cine recommendation.

https://doi.org/10.1017/50950268822000607 Published online by Cambridge University Press

With the many episodes of non-invasive PnPn in 2015 and 2016
(812 and 821), that on average took 6-8 days of hospitalisation, the
results from this study show that the health care use due to non-
invasive PnPn is substantial (i.e. 5000-6000 days of hospitalisation
annually). Our results are comparable with the average hospital
stay reported from other countries like UK and Sweden [3, 20].

The fact that non-invasive PnPn is not a notifiable disease
makes it demanding to have a good overview of the episodes
(cases/case definition). In the present study, NPR data for only
two years were available. This is limiting possibilities for time ser-
ies analysis and predictions (increases uncertainty in the models).
We therefore chose to use the IPD trend to decrease uncertainty
for the years we predicted, as the trend has been found to be simi-
lar for IPD and non-invasive PnPn [3, 6, 16]. The predicted
monthly numbers for hospitalised non-invasive PnPn episodes
2015-2019 indicated a seasonal trend with the lowest number
of episodes during summer and peaks during winter, which is
well known for the pneumococcus. Our model for non-invasive
PnPn underestimated the maximum and minimum monthly
numbers of episodes (in comparison with the real monthly num-
ber of episodes from NPR data 2015-2016). However, our pre-
dicted number of episodes lays within the 95% CI for most
months. The linear non-invasive PnPn model (1.2, Fig. 3) could
explain only 50% of our data, thus the model should be inter-
preted with caution. Our model did not find the annual trend
(year) to be significant (Fig. 2), indicating a stable number of
cases over these years.

The proportion of non-invasive PnPn among hospitalised
ACP estimated in the current study (5%) was very similar
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compared to what was found in a recent study from Sweden [20].
These authors reported that 4.7% of episodes with ACP (hospital-
isation with all-cause pneumonia) were due to J13 or J18
(pneumococcal or lobar). The Swedish study used health registers
and fairly similar definitions to assess the incidence of hospitalisa-
tion as in this study. Although there were some methodological
differences between this and our study, the very similar numbers
are indirectly confirming our results. A study evaluating adminis-
trative and clinical data of patients resident in Sicily in Italy found
only 2.7% of hospitalised CAP that were reported to be attributed
to PnPn, and hypothesised that that this may be due to poor sen-
sitivity in their area, so that the real proportion is likely to be
much higher [16]. Generally, it is known that the observed preva-
lence varies between studies conducted in different European
regions [1]. Several other countries found much higher propor-
tions of CAP being attributable to PnPn, and up to 20%-37%
has been reported [1, 3, 5, 16]. There are several reasons that
need to be addressed in order to understand this large gap,
both biological and methodological. Pneumococcal disease is
often associated with viral infections [22]. The incidence and
coverage of influenza among older adults in a country may there-
fore affect the proportion of CAP that is attributed to pneumo-
cocci. Furthermore, the bacterial distribution causing CAP may
differ along latitude. The gap between different study results
may also be explained by methodological differences like the def-
inition of CAP, coding practises and inclusion criteria for the ACP
study population. Our study is based on the inclusion of ACP by
ICD-codes only, while other studies also used inclusion criteria

https://doi.org/10.1017/50950268822000607 Published online by Cambridge University Press

such as symptoms suggestive of lower respiratory tract infection
in combination with radiography [1, 3]. Such differences may
lead to a smaller denominator, and consequently a larger propor-
tion being attributable to pneumococci. The nominator may be
affected by the choice of diagnostic tests as the diagnostics for
PnPn are challenging. E.g, a systematic review found that urine
antigen tests diagnosed an additional 11% of cases beyond con-
ventional techniques [5]. Urine antigen tests are available for clin-
icians in Norway, however, to which extent they are used (in
hospitals), is not routinely reported. Similarly, nasopharyngeal
swabs are used to support diagnostics (but sputum tests are not
commonly used). However, the general susceptibility of pneumo-
cocci against antibiotics in Norway may decrease the necessity for
a physician to confirm aetiology, which could lead to an under-
estimation of the number of PnPn diagnoses in Norway [23].
Indeed, studies with systematic testing regimes for PnPn are likely
to detect more cases [3] vs. population-based studies based on
health registers and ICD10-codes [20]. Altogether, the proportion
of non-invasive PnPn among hospitalised ACP that was identified
in this study is probably an underestimation, which would mean
that the burden on the patient and the health care system is even
higher. In addition, the burden of non-invasive PnPn is likely to
increase in the near future due to a growing 50+ population in
Norway as well as the rest of Europe.

The vaccine uptake in the study population (50+) has been
low, around 15% [8]. A study conducted in Norway at the
time of our study period reported that 16% of notified cases of
IPD had received the PPV23 vaccine [24]. Unfortunately, we
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Fig. 4. Observed (in black) and predicted (in red) monthly number of non-invasive pneumococcal pneumonia episodes in the population aged 50 years and older in
Norway (2015-2019) with 95% Cls (in orange). Data source: Norwegian Patient Register (NPR).

lack information on the vaccination status of the PnPn cases and
are therefore unable to determine the effects of vaccination in this
population. However, the incidence and number of hospital days
attributed to PnPn show the need for higher pneumococcal vac-
cine uptake in Norway and these results will therefore be valuable
for deciding on vaccine policy for the older population.

We provided simple estimates for the burden of non-invasive
PnPn hospitalisation in 50+ population in Norway, thus supple-
menting the basis for the Norwegian guidelines for adult-vaccine
policy for pneumococcal vaccination. This study indicates that the
burden of non-invasive PnPn hospitalisation has a substantial
impact on the health and health care use of the 50+ population
in Norway, despite the childhood vaccination programme. We
conclude that the recommendations and vaccine uptake for
those age 65 and older should be strengthened. These results
also indicate that people aged 50-64 may benefit from vaccination
so it should also be considered if vaccination of adults 50-64 years
would be cost-effective.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/50950268822000607.
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