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ABSTRACT

Introduction Respiratory inflammation has been
proposed as a risk factor for MS. This study aims to
determine if hospital-diagnosed pneumonia in adolescence
(before age 20 years) is associated with subsequent
multiple sclerosis (MS).

Methods This case-control study included incident MS
cases after age 20 years identified using the Swedish
national registers. Cases were matched with 10 general
population controls by age, sex and region. Pneumonia
diagnoses were identified between 0-5, 6-10, 11-15 and
16—-20 years of age. Conditional logistic regression models
adjusted for infectious mononucleosis (IM) and education
calculated ORs with 95% Cls. Urinary tract infections
(UTIs), a common complication of MS, before age 20 years
were included as a control diagnosis for reverse causation.
Results There were 6109 cases and 49479 controls
included. Pneumonia diagnosed between age 11-15
years was associated with subsequent MS (adj OR

2.00, 95% Cl 1.22 to 3.27). Although not statistically
significant, sensitivity analyses showed similar magnitude
associations of pneumonia between age 11-15 years

and MS. No statistically significant associations with

MS for pneumonia at other age groups were observed.
Adjustment for IM had no notable effect on associations,
but was statistically significantly associated with MS. UTIs
were not associated with MS.

Conclusion Pneumonia at 11-15 years of age was
associated with MS, suggesting a possible role for
inflammation of the respiratory system in the aetiology

of MS during a period of susceptibility in adolescence.
Further research on respiratory infections prior to MS
onset should be conducted to replicate this finding and
determine explanatory causal mechanisms.

INTRODUCTION

The lungs have constant contact with the
exterior environment and are one of the
body’s first lines of defence against pathogens
and substances causing inflammation and
irritation. Evidence supports hypotheses that
respiratory exposures causing inflammation
are risk factors for multiple sclerosis (MS):
a chronic, inflammatory, immune-mediated
disease. Notable risks for MS include ciga-
rette smoke exposure;' while exposure to
other lung irritants such as organic solvents
have been suggested as risk factors.” Smoking

causes lung inflammation® and interacts with
MS risk genes.4

Evidence that the respiratory system may
be implicated in development of neuro-
inflammation originates from animal models
of autoimmune encephalomyelitis. Autore-
active T cells enter the lungs and bronchus-
associated lymphoid tissues (BALT) and are
reprogrammed to gain a migratory profile
that appears a prerequisite for crossing the
blood-brain barrier. Thus, non-specific lung
irritation could trigger resident autoreactive
T cells in the lung, resulting in inflammation
in the central nervous system (CNS) 5 Several
infectious agents have been investigated
in MS and patients with MS are more likely
to carry DNA from the intracellular airway
pathogen, Chlamydia pneumoniae, in cerebro-
spinal fluid.’®

We chose to study pneumonia rather than
other respiratory infections as it has greater
persistent inflammatory consequences in the
lung than other common respiratory infec-
tions in children,7 and in adults is associated
with new-onset cardiovascular and chronic
kidney disease following a pneumonia
episode.8 ? Adolescence may form part of a
key risk period of MS susceptibility, prior to
initiation of inflammation in the CNS, when
risk factors could be increasing MS risk later
in life.'"” Environmental exposures in adoles-
cence including infectious mononucleosis
(IM)" and traumatic brain injury are linked
with subsequent MS risk.'* Here, we consider
exposures in age groups approximately
following periods of structural changes in the
brain potentially relevant for susceptibility to
exposures influencing MS risk.

There can be an extended preclinical phase
(prodrome) following initiation of CNS auto-
immunity before frank symptomatic MS onset
and clinical diagnosis, resulting in increased
hospital visits, especially for infection-related
medical concerns.”> MS results in a greater
burden of infections, particularly respiratory
infections such as pneumonia.14 Therefore,
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we focus on pneumonia before age 20 years to reduce the
possibility that pneumonia is a consequence of prodromal
MS and include urinary tract infections (UTI) as a control
diagnosis as they are also recognised complications of MS.

To the best of our knowledge, no studies have inves-
tigated the association of pneumonia in childhood and
adolescence requiring hospital-care and MS risk using
prospectively recorded data. This study aims to test the
hypothesis that pneumonia before age 20 years is associ-
ated with subsequent MS, and that there may be variation
by age at exposure using Swedish register data. We also
considered IM diagnoses as, in theory, pneumonia could
be secondary to this well-established MS risk factor.

METHODS

Study population and data sources

This case-control study, using Swedish national registers,
identified all diagnoses of MS (n=29310) recorded in
either the National Patient Register (PR) or the Multiple
Sclerosis Register (MSR) between 1968 and 2012. The
PR identifies hospital discharge diagnoses with approx-
imately 80% accuracy (with variation for specific diag-
noses) since its implementation in 1964 with national
coverage achieved in 1987 and outpatient diagnoses
included since 2001." It has fewer diagnostic errors
among younger patients and a high level of accuracy
for MS diagnoses.”” The MSR began in 1996 and has

coverage of approximately 80% of all patients with MS
in Sweden providing a high level of diagnostic accuracy'®
with at least 96% having confirmed MS diagnoses.'” MS
cases were individually matched with 10 (occasionally
fewer where appropriate controls could not be iden-
tified) randomly selected general-population controls
(n=293094) without MS at the MS case’s earliest date of
MS diagnosis (index date) from either the MSR or the
PR. Matching was by birth year, sex, region (county) of
residence and vital status (controls were matched only if
alive) at index date using the Total Population Register.
Cases and controls were excluded if born before 1964,
or migrated to or from Sweden between birth and the
earliest MS diagnosis date as identified in the Total Popu-
lation Register (figure 1). Controls were excluded if their
matched case was excluded. A total of 6685 cases and
54692 controls were included.

Pneumonia, IM and UTI diagnoses for both cases
and controls were identified using International Clas-
sification of Disease (ICD) codes using up to five digits
in the PR. Data linkage was achieved using the unique
personal identification number issued to all Swedish
residents.

Patient and public participation
There was no patient or public involvement in this study.

Cases Matched Controls
29310 1965°2012 203094
v v

7 856 78 560

\ Matched control
/ Emigrated from 2980
298 Sweden
\ Control
2769

v

7 558 72811
\ Matched control

873 Immigrated to 8372
Sweden
\A Control
9747
v A4
6 685 54 692
N N Fewer than 2 MS
MS diagnosis Matched control

diagnoses, or not
in MSR
1093

before age 20
576

Case definition 2
Total cases: 5 592

Case definition 1
Total cases: 6 109

Figure 1

Matched control
5213

Case definition 1
Total controls: 49 479

11365

Case definition 2
Total controls: 43 327

Definition of included cases using case definition 1 and included cases using case definition 2 identified from the

Patient Register, and their matched controls from the Total Population Register. Case definition 1 is defined as at least one MS
diagnosis over age 20 years from the National Patient Register (PR) or Multiple Sclerosis Register (MSR). Case definition 2 is
defined as two or more MS diagnoses over age 20 years from the PR or diagnosis in the MSR. MS, multiple sclerosis.
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Case and exposure definitions

Case definition: MS

Incident MS diagnoses were identified in the PR using the
earliest date of diagnosis using Swedish ICD codes (ICD-8
or ICD-9: 340, ICD-10: G35) between 1968 and 2012, or if
included in the MSR. Two sets of inclusion criteria were
used. Case definition 1 included all cases with a first MS
diagnosis in the PR or inclusion in the MSR after 20 years
of age (figure 1). Case definition 2 was additionally used
to reduce potential misclassification of MS diagnoses,
including cases with at least two MS diagnoses in the PR,
or had a record in the MSR, with the first date of MS diag-
nosis after age 20 years.

Exposure: Pneumonia and UTIs

Pneumonia diagnoses between birth to 20 years of age
were identified in the PR between 1964 and 2012 using
Swedish ICD codes (ICD 7: 490-493, ICD-8: 480-—486,
ICD-9: 480-486, ICD-10: J12-J18) as either the primary
or secondary discharge diagnosis. A control infectious
disease of UTI was used to explore the possibility of
reverse causation where prodromal MS or MS-related
susceptibility increases the risk of infection before age 20
years. UTIs were chosen as they, like pneumonia, are typi-
cally more common among patients with MS and can be a
complication of MS."® A primary/secondary diagnosis of
UTI was identified from the PR using Swedish ICD codes
(ICD 7: 600, 605; ICD-8: 590, 595, 599.02; ICD-9: 590,
595, 599.0; ICD-10: N30, N39, N10). Separate episodes of
pneumonia and UTIs were defined as a minimum of 90
days between diagnoses. Diagnoses were categorised into
age groups of 0-5, 6-10, 11-15 and 16-20 years of age,
and were dichotomised as ever/never diagnosed due to
sparse data. These age groups were chosen given infants
and children between 0-5 years of age have higher risk
of developing pneumonia, and second to approximately
correspond to developmental phases of the CNS: 0-5
years (early rapid development); 6-10 years (beginnings
of structural reorganisation approaching puberty); 11-15
years (peripubertal reorganisation and synaptogenf:sis)lg
and 16-20 years (synaptic pruning and increased axonal
myf:lirlation)20_22 that may be relevant for susceptibility
influencing MS risk.

Potential confounding factors

Year of birth, sex and region of residence were matching
factors because they are important potential confounding
factors due to age and sex differences in MS and pneu-
monia, as well as regional variation in diagnosis rates and
healthcare usage. Highest education level obtained from
the Longitudinal Integrated Database for Health Insur-
ance and Labour Market Studies (Swedish acronym, LISA)
was also considered as educational level is an indicator of
socioeconomic conditions and has been associated with
MS? and infections.?* Education level was classified into
compulsory school education or less (mandatory school
attendance to age 15 years); postcompulsory secondary

school; postsecondary education such as college or
university and educational data unavailable.

IM as a primary/secondary diagnosis was identified in
the PR by ICD codes (ICD-7: 093; ICD-8: 075; ICD-9: 075;
ICD-10: B27) between 1964 and 2012 and classified as
ever/never diagnosed in four age categories: 0-5, 6-10,
11-15 and 1620 years of age. IM is a risk factor for MS and
could potentially signal increased susceptibility to other
infections.”

Statistical analysis

Conditional logistic regression conditioned on the risk
set (defined by matching characteristics) and adjusted
for confounders was used to examine the association
between pneumonia MS using ORs. Associations between
IM and pneumonia were also tested using conditional
logistic regression. Statistical significance was defined as
95% ClIs not including 1.00 (p<0.05).

Three sensitivity analyses were performed. In sensitivity
analysis 1, pneumonia diagnoses were restricted to only
primary diagnoses. In sensitivity analysis 2, an additional
age category of 20-30 years was added for pneumonia
exposure and included MS diagnoses of over 30 years
of age; and finally, sensitivity analysis 3 considered the
appearance of clinical symptoms (onset) before a diag-
nosis of MS: the MSR includes a question for age at which
the first suspected symptom of MS occurred, as symptoms
of MS often occur many years before the first MS diag-
nosis. Therefore, only cases with both an MS diagnosis
and an age at suspected onset after 20 years of age (and
their matched controls) were included. These sensitivity
analyses were performed in order to further exclude the
possibility of reverse causation.

The analysis was conducted using SAS V.9.4 (SAS Insti-
tute, 2016) and Stata V.15 software (StataCorp, 2017).

RESULTS

Baseline characteristics

Case definition 1 (one diagnosis of MS in the PR or MSR
inclusion after age 20 years) included 6109 cases with
49479 matched controls (figure 1), of which 70.68% were
female and 46.55% had an index date between 30 and 39
years of age (table 1). Controls had higher educational
level than cases, but fewer had been diagnosed with IM
across all age groups than cases (table 2). Case definition
2 (2+MS diagnoses in the PR, or inclusion in the MSR)
included 5592 cases and 43327 controls with similar
characteristics as case definition 1. For both cases and
controls, pneumonia diagnosis (primary or secondary)
among both cases and controls were infrequent as <1%
were diagnosed in all age groups (table 2). As expected,
the highest proportion of pneumonia diagnoses for both
case definitions was between age 0-b years. Diagnoses
of IM were also infrequent, with the highest proportion
between 16-20 years of age, and more frequent among
cases than controls. No association between IM and pneu-
monia was found.
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Table 1 Participant characteristics at the index date of MS individuals and matched controls

Case definition 1*

Case definition 2t

Characteristic Cases n (%)

Controls n (%)

Cases (%) Controls (%)

5592 43327

Total study population 6109 49479

Sext
Male 1791 (29.32) 14705 (29.72)
Female 4318 (70.68) 34774 (70.28)

Year of birtht
1964-1968 2032 (33.26) 16686 (33.72)
1969-1973 1575 (25.78) 12793 (25.86)
1974-1978 1226 (20.07) 9864 (19.94)
1979-1983 825 (13.50) 6450 (13.04)
1984-1988 370 (6.06) 3002 (6.07)
1989-1991 81 (1.33) 684 (1.38)

Age (years) at indext

1601 (28.63)
3991 (71.37)

1855 (33.17)

1451 (25.95)

1115 (19.94)
766 (13.7)
333 (5.95)
72 (1.29)

12550 (28.97)
30777 (71.03)

14715
11326
8685
5602
2482
517

33.96)
26.14)
20.05)
12.93)
5.73)
1.19)

— ~ e~ o~

—_

20-29 2327 (38.09) 19458 (39.33) 2149 (38.43) 17308 (39.95)
30-39 2844 (46.55) 22559 (45.59) 2607 (46.62) 19947 (46.04)
40-49 938 (15.35) 7462 (15.08) 836 (14.95) 6072 (14.01)
Education
Compulsory 482 (7.89) 3459 (6.99) 426 (7.62) 3039 (7.01)
Postcompulsory 2938 (48.09) 23428 (47.35) 2678 (47.89) 20410 (47.11)
Postsecondary 2665 (43.62) 22464 (45.4) 2471 (44.19) 19768 (45.63)
Unknown 24 (0.39) 128 (0.26) 17 (0.3) 110 (0.25)

*Case definition 1: at least one MS diagnosis over age 20 years from the PR or MSR.
TCase definition 2: two or more MS diagnoses over age 20 years from the PR or diagnosis in the MSR.

FMatching variable.
MSR, Multiple Sclerosis Register; PR, National Patient Register.

Pneumonia as a primary or secondary diagnosis between
birth and age 20 years

A primary/secondary diagnosis of pneumonia between
11-15 years of age was statistically significantly associated
with MS after 20 years of age (OR 2.00, 95% CI: 1.22 to
3.27) (table 2). Pneumonia diagnoses in all other age
groups showed no statistically significant association with
MS. Estimates remained similar after adjustment for IM
and education. Consistent with previous research, IM in
all age groups after age 6 years was statistically significantly
associated with MS. The highest magnitude association of
IM with MS was among individuals aged 11-15 years (adj
OR 2.77, 95% CI: 1.89 to 4.06). UTIs were infrequent,
and showed no association with MS. Post hoc analyses
showed from age 6 years onwards, very few males had UTI
diagnoses and in females UTI diagnoses were apparent
after age 11 years, although few.

Using case definition 2, the magnitude of the associ-
ation of pneumonia diagnosed between 11-15 years in
cases compared with controls was statistically significant,
although somewhat reduced (adj OR 1.90, 95% CI: 1.12
to 3.23) after full adjustment (table 2). Results for the age
groups 0-5, 6-10, 16-20) were similar to those for case

definition 1, showing no association of pneumonia with
MS and statistically significant associations of IM with MS.

Sensitivity analysis 1: pneumonia as a primary diagnosis
between birth and age 20 years

Restricting the exposure to pneumonia as a primary diag-
nosis showed similar association with MS in the 11-15 age
group using case definition 1 with a primary/secondary
pneumonia diagnosis. Pneumonia diagnosed between
11-15 years was associated with MS after adjustment for
IM and education (adj OR 2.00, 95% CI: 1.13 to 3.52)
(table 3). IM diagnosed in adolescence showed an asso-
ciation with MS, especially for IM between 11-15 years
(adj OR 2.76, 95% CI: 1.89 to 4.05). No other statisti-
cally significant associations of pneumonia with MS were
observed. Using case definition 2, associations of pneu-
monia diagnosed between 11-15 years with MS were
reduced in magnitude and without statistical significance
after full adjustment (adj OR 1.78, 95% CI: 0.95 to 3.33).
IM associations remained similar to main analyses.

Sensitivity analysis 2: first MS diagnosis after age 30 years
Restricting MS diagnosis to after age 30 years showed
similar magnitude association of pneumonia between

4
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Table 2 The association of pneumonia as a primary or secondary diagnosis between birth and age 20 years and multiple
sclerosis diagnosed over 20 years of age

Model 2 OR (95% CI)*

Model 3 OR (95% CI)*

Model 4 OR (95% CI)*

Age group Cases n (%) Contn (%) Model 1 OR (95% CI)*
Case definition 1t 6109 49479
Pneumonia
0-5 51 (0.83) 498 (1.01)  0.82(0.62 to 1.10)
6-10 16 (0.26) 161(0.33)  0.80(0.48 to 1.34)
11-15 20 (0.33) 81(0.16)  2.00 (1.22 to 3.27)
16-20 19 (0.31) 112 (0.23)  1.38(0.84 to 2.24)
M
0-5 6 (0.1) 21 (0.04)
6-10 9 (0.15) 37 (0.07)
11-15 36 (0.59) 106 (0.21)
16-20 51 (0.83) 178 (0.36)
UTI
0-5 39 (0.64) 317 (0.64)
6-10 27 (0.44) 195 (0.39)
11-15 10 (0.16) 104 (0.21)
16-20 60 (0.98) 362 (0.73)
Case definition 2& 5592 43327
Pneumonia
0-5 46 (0.82) 428 (0.99) 0.84 (0.61 to 1.15)
6-10 15 (0.27) 147 (0.34)  0.77 (0.44 t0 1.33)
11-15 17 (0.3) 74 (0.17) 1.88(1.11 to 3.19)
16-20 17 (0.3) 94 (0.22) 1.32 (0.77 to 2.29)
IM
0-5 5(0.09) 20 (0.05)
6-10 9 (0.16) 27 (0.06)
11-15 36 (0.64) 93 (0.21)
16-20 47 (0.84) 150 (0.35)
uTI
0-5 33 (0.64) 275 (0.63)
6-10 24 (0.43) 169 (0.39)
11-15 7 (0.13) 94 (0.22)
16-20 54 (0.97) 317 (0.73)

0.82 (0.61 to 1.10)
0.79 (0.47 to 1.33)
2.00 (1.22 to 3.27)
1.34 (0.82 t0 2.18)

2.14 (0.86 to 5.33)
1.90 (0.91 to 3.94)
2.76 (1.89 to 4.04)
2.28 (1.66 to 3.12)

0.83 (0.61 to 1.14)
0.77 (0.44 to 1.34)
1.87 (1.10 to 3.18)
1.28 (0.74 to0 2.22)

1.57 (0.54 to 4.60)
2.35 (1.06 to 5.18)
2.98 (2.01 to 4.44)
2.33 (1.66 to 3.27)

0.82 (0.61 to 1.10)
0.79 (0.47 to 1.33)
2.02 (1.23 to 3.30)
1.33 (0.82 t0 2.17)

2.13 (0.86 to 5.31)
1.89 (0.91 to 3.94)
2.77 (1.89 to 4.05)
2.27 (1.66 to 3.11)

0.97 (0.69 to 1.36)
1.11 (0.74 to 1.67)
0.69 (0.36 to 1.33)
1.32 (1.00 to 1.74)

0.83 (0.61 to 1.14)
0.77 (0.44 to 1.34)
1.91 (1.13 to 3.25)
1.28 (0.74 to0 2.22)

1.56 (0.53 to 4.57)
2.34 (1.06 to 5.16)
3.01 (2.03 to 4.48)
2.32 (1.65 to 3.25)

0.90 (0.62 to 1.31)
1.16 (0.75 to 1.79)
0.53 (0.25 to 1.16)
1.32 (0.98 to 1.78)

0.81 (0.61 to 1.09)
0.79 (0.47 to 1.33)
2.00 (1.22 to 3.27)
1.31 (0.80 t0 2.13)

2.14 (0.86 to 5.34)
1.93 (0.93 to 4.00)
2.77 (1.89 to 4.06)
2.29 (1.68 to 3.14)

0.96 (0.69 to 1.35)
1.10 (0.74 to 1.66)
0.68 (0.35 to 1.31)
1.30 (0.98 to 1.71)

0.83 (0.6 to 1.13)

0.77 (0.44 to 1.34)
1.90 (1.12 to 3.23)
1.27 (0.73 t0 2.19)

1.58 (0.54 to 4.63)
2.37 (1.07 to 5.24)
3.01 (2.03 to 4.48)
2.33 (1.66 to 3.28)

0.89 (0.61 to 1.30)
1.16 (0.75 to 1.79)
0.53 (0.24 to 1.14)
1.30 (0.96 to 1.75)

Bold text indicates results where the 95% CI does not cross 1.00.
*Model 1: adjusted for matching variables; model 2: adjusted for matching variables and IM; model 3: adjusted for matching variables, IM and UTls; model 4:
adjusted for matching variables, IM and education. In all models, the OR is comparing having a diagnosis within the age group with not having a diagnosis in the

age group.

tCase definition 1: at least one MS diagnosis over age 20 years from the PR or MSR.

FCase definition 2: two or more MS diagnoses over age 20 years from the PR or diagnosis in the MSR.
Cont, controls; IM, infectious mononucleosis; MSR, Multiple Sclerosis Register; n, total individuals in group; PR, National Patient Register; UTI, urinary tract

infection.

ages 11-15 years using case definition 1 and 2 with MS
(table 4), although the association was not statistically
significant and was marginally attenuated compared with
the main analysis (table 2). No other statistically signif-
icant associations of pneumonia with MS were found.
Pneumonia diagnoses between 21-30 years showed no
association with MS. IM from age 11 years onwards was
statistically significantly associated with MS. It should
be noted due to restriction of MS diagnosis after age 30
years, data became sparse and Cls wider.

Sensitivity analysis 3: MS onset and diagnosis after age 20
years

Restricting MS cases (and matched controls) to individ-
uals diagnosed and with onset after age 20 years showed
similar associations of pneumonia and IM with MS as
previously observed, but statistical power was reduced
resulting in lower magnitude point estimates and non-
statistically significant pneumonia results (table b5).
between

Primary/secondary pneumonia diagnosis

11-15 years of age showed non-statistically significant
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Table 3 Sensitivity analysis 1: the association of pneumonia as a primary diagnosis between birth and age 20 years and
multiple sclerosis diagnosed over 20 years of age

Model 1 OR (95% CI)*

Model 2 OR (95% CI)*

Model 3 OR (95% CI)*

0.89 (0.65 to 1.23)
0.92 (0.53 to 1.60)
2.00 (1.13 to 3.53)
1.25 (0.72 to 2.15)

0.88 (0.62 to 1.26)
0.87 (0.48 to 1.58)
1.78 (0.95 to 3.33)
1.08 (0.58 to 2.03)

0.89 (0.64 to 1.23)
0.91 (0.52 to 1.58)
2.01 (1.14 to 3.54)
1.20 (0.70 to 2.08)

2.14 (0.86 to 5.33)
1.90 (0.91 to 3.94)
2.76 (1.89 to 4.04)
2.28 (1.66 to 3.12)

0.87 (0.62 to 1.24)
0.88 (0.48 to 1.59)
1.79 (0.96 to 3.35)
1.04 (0.55 to 1.96)

1.57 (0.54 to 4.60)
2.35 (1.06 to 5.18)
2.98 (2.01 to 4.44)

0.88 (0.64 to 1.22)
0.91 (0.52 to 1.58)
2.00 (1.13 to 3.52)
1.18 (0.69 to 2.05)

2.15 (0.86 to 5.36)
1.93 (0.93 to 4.01)
2.76 (1.89 to 4.05)
2.30 (1.68 to 3.15)

0.87 (0.61 to 1.23)
0.88 (0.48 to 1.60)
1.78 (0.95 to 3.33)
1.02 (0.54 to 1.93)

1.59 (0.54 to 4.67)
2.38 (1.08 to 5.26)
2.99 (2.01 to 4.44)

Age group Cases n (%) Contn (%)
Case definition 1+ 6109 49479
Pneumonia
0-5 42 (0.69) 378 (0.76)
6-10 14 (0.23) 122 (0.25)
11-15 15 (0.25) 60 (0.12)
16-20 5(0.25) 99 (0.2)
IM
0-5 6 (0.1) 1(0.04)
6-10 9 (0.15) (0 07)
11-15 36 (0.59) 106 (0.21)
16-20 51 (0.83) 178 (0.36)
Case definition 2¢ 5592 43327
Pneumonia
0-5 37 (0.66) 323 (0.75)
6-10 13 (0.23) 111 (0.26)
11-15 12 (0.21) 54 (0.12)
16-20 13 (0.23) 85 (0.2)
IM
0-5 5 (0.09) 20 (0.05)
6-10 9 (0.16) 27 (0.06)
11-15 36 (0.64) 93 (0.21)
16-20 47 (0.84) 150 (0.35)

2.33 (1.66 to 3.27) 2.35 (1.67 to 3.29)

Bold text indicates results where the 95% CI does not cross 1.00.
*Model 1: adjusted for matching variables; model 2: adjusted for matching variables and IM; model 3: adjusted for matching
variables, IM and education. In all models, the OR is comparing having a diagnosis within the age group with not having a

diagnosis in the age group.

TtCase definition 1: at least one MS diagnosis over age 20 years from the PR or MSR.
FCase definition 2: two or more MS diagnoses over age 20 years from the PR or diagnosis in the MSR.
Cont, controls; IM, infectious mononucleosis; MSR, Multiple Sclerosis Register; n, total individuals in group; PR, National

Patient Register.

associations with MS (OR 1.72,95% CI: 0.95 to 3.14) and
after adjustment for IM and education (adj OR 1.71, 95%
CIL: 0.94 to 3.12).

DISCUSSION

Diagnosis of pneumonia between 11-15 years of age was
associated with MS after age 20 years. The magnitude
of the association remained similar, although somewhat
reduced and not statistically significant, after imposing
stricter inclusion criteria and multiple sensitivity analyses
including accounting for possible MS onset.

From exposure to risk factors, to initiation of MS
disease activity, it may take 10-20 years before there is
sufficient clinical information to make an MS diagnosis.*
Adolescence likely represents a critical period of suscep-
tibility before MS’s onset or prodromal phase when some
environmental exposures may initiate autoimmune
processes in the CNS resulting in MS development.'? %’

We hypothesise that pneumonia infections in adoles-
cence could represent such an exposure.

Association of pneumonia with subsequent MS

Only pneumonia between ages 11-15 years was statisti-
cally significantly associated with subsequent MS. This is
consistent with other studies showing some MS risks in
adolescence are not associated with MS if they occur in
earlier childhood, such as Epstein-Barr virus infections/
IM,11 2 or CNS trauma.'?? Additionally, IM is a known
risk factor for MS and the largest magnitude association
between IM and MS seen in this study was for IM infec-
tion at 11-15 years. This possibly indicates heightened MS
susceptibility during the peripubertal period, which may
help to explain the association with pneumonia at this age
with subsequent MS. The sensitivity analysis with MS diag-
nosis after age 30 years found similar results (although
of smaller magnitude and not statistically significant) for
peripubertal pneumonia, while pneumonia at age 21-30
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Table 4 Sensitivity analysis 2: the association of a primary or secondary diagnosis of pneumonia between birth and age 30
years and multiple sclerosis diagnosed over 30 years of age

Model 1 OR (95% CI)*

Model 2 OR (95% CI)*

Model 3 OR (95% CI)*

Age group Cases n (%) Cont n (%)
Case definition 11 3457 27462
Pneumonia
0-5 21 (0.61) 157 (0.57)
6-10 10 (0.29) 82 (0.3)
11-15 11 (0.32) 48 (0.17)
16-20 11 (0.32) 58 (0.21)
21-30 20 (0.58) 162 (0.59)
IM
0-5 1(0.03) 11 (0.04)
6-10 5(0.14) 15 (0.05)
11-15 20 (0.58) 64 (0.23)
16-20 32 (0.93) 74 (0.27)
21-30 13 (0.38) 40 (0.15)
Case definition 2f 3145 23736
Pneumonia
0-5 20 (0.64) 127 (0.05)
6-10 9 (0.29) 73 (0.03)
11-15 9 (0.29) 45 (0.02)
16-20 11 (0.35) 48 (0.02)
21-30 18 (0.57) 139 (0.06)
IM
0-5 1 (0.03) 11 (0.00)
6-10 5(0.16) 10 (0.00)
11-15 20 (0.64) 55 (0.02)
16-20 30 (0.95) 62 (0.03)
21-30 11 (0.35) 32 (0.01)

1.03 (0.65 to 1.62)
0.92 (0.47 to 1.77)
1.77 (0.92 to 3.42)
1.50 (0.78 to 2.87)
0.98 (0.62 to 1.56)

1.17 (0.72 to 1.90)
0.90 (0.45 to 1.82)
1.56 (0.76 to 3.21)
1.53 (0.74 t0 3.12)
1.04 (0.64 to 1.71)

1.03 (0.65 to 1.63)
0.92 (0.47 to 1.78)
1.79 (0.92 to 3.45)
1.44 (0.75 to 2.77)
0.99 (0.62 to 1.57)

0.65 (0.08 to 5.04)
2.31 (0.83 to 6.42)
2.50 (1.51 to 4.14)
3.29 (2.17 to 4.99)
2.60 (1.39 to 4.88)

1.17 (0.72 to 1.91)
0.92 (0.46 to 1.85)
1.58 (0.77 to 3.23)
1.44 (0.70 to0 2.97)
1.05 (0.64 to 1.72)

/

3.75 (1.28 to 11.03)
2.59 (1.51 to 4.43)
3.55 (2.28 to 5.53)
2.80 (1.41 to 5.56)

1.01 (0.64 to 1.60)
0.92 (0.48 to 1.79)
1.75 (0.90 to 3.38)
1.43 (0.74 to 2.74)
0.95 (0.60 to 1.52)

0.65 (0.08 to 5.05)
2.36 (0.85 to 6.57)
2.50 (1.51 to 4.15)
3.34 (2.20 to 5.08)
2.61 (1.39 to 4.89)

1.16 (0.71 to 1.89)
0.93 (0.46 to 1.86)
1.54 (0.75 to 3.17)
1.42 (0.69 to 2.93)
1.02 (0.62 to 1.68)

/

3.83 (1.30 to 11.26)
2.60 (1.52 to 4.45)
3.60 (2.31 to 5.62)
2.78 (1.40 to 5.54)

Bold text indicates results where the 95% CIl does not cross 1.00.

*Model 1: adjusted for matching variables; model 2: adjusted for matching variables and IM; model 3: adjusted for matching variables, IM and
education. In all models, the OR is comparing having a diagnosis within the age group with not having a diagnosis in the age group.

TCase definition 1: at least one MS diagnosis over age 30 years from the PR or MSR.

FCase definition 2: two or more MS diagnoses over age 30 years from the PR or diagnosis in the MSR.

Cont, controls; IM, infectious mononucleosis; MSR, Multiple Sclerosis Register; n, total individuals in group; PR, National Patient Register.

years was not associated with MS. We would expect an asso-
ciation of pneumonia during 21-30 years of age with MS
after age 30 years due to possible influences of prodromal
MS disease, which we did not observe, further indicating
that the peripubertal period could be a critical period
of susceptibility for MS development later in life. When
including MS diagnosis and onset after age 20 years, the
magnitude of association with MS between 11-15 years of
age remained very similar, although not statistically signif-
icant, probably due to the notable decrease in statistical
power (only a limited subset of patients with MS had infor-
mation on age of onset). UTI diagnoses were even rarer
than pneumonia during childhood and adolescence,
but there was no evidence of an association with MS
for this control diagnosis, a known consequence of MS.
This further indicates that the association of pneumonia

with MS is possibly not due to reverse causation during a
period of prodromal MS disease activity.

Possible role of pneumonia in development of MS

The role of pneumonia in the development of MS is
speculative, but pneumonia causes inflammation in the
lung, and is associated with an influx of immune cells
including T and B cells. We hypothesise that immune
cells activated in response to lower airway pathogens are
also involved in immune mechanisms related to MS. For
example, airway infections by Streptococcus pneumoniac™ '
and Haemophilus influenza¢” induce a robust local and
systemic T-helper (Th)17 response, including memory
Th17 cells. Through molecular mimicry or other mecha-
nisms, Th17 could be reactivated and infiltrate the CNS.®
Similarly, pneumonia is also associated with secretion of
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Table 5 Sensitivity analysis 3: the association of pneumonia between birth to age 20 years and multiple sclerosis with onset

and diagnosis over 20 years of age

Primary or secondary diagnosis of pneumonia

Age group Cases n (%) Cont n (%) Model 1 OR (95% CI)* Model 2 OR (95% CI)* Model 3 OR (95% CI)*
4244 34250
Pneumonia
0-5 36 (0.85) 337 (0.98) 0.86 (0.61 to 1.22) 0.86 (0.60 to 1.21) 0.86 (0.60 to 1.21)
6-10 9(1.07) 108 (0.32) 0.66 (0.34 to 1.31) 0.67 (0.34 to 1.33) 0.67 (0.34 to 1.34)
11-15 13 (2.07) 61 (0.18) 1.72 (0.95 to 3.14) 1.71 (0.94 to 3.13) 1.71 (0.94 t0 3.12)
16-20 13 (3.07) 75 (0.22) 1.43 (0.79 to 2.57) 1.39 (0.77 to 2.51) 1.38 (0.76 to 2.5)
M
0-5 3(0.07) 17 (0.05) 1.34 (0.39 to 4.60) 1.34 (0.39 to 4.59)
6-10 6 (0.14) 25 (0.07) 1.85 (0.75 to 4.53) 1.86 (0.76 to 4.55)
11-15 31 (0.73) 72 (0.21) 3.44 (2.25 to 5.25) 3.44 (2.25 to 5.25)
16-20 40 (0.94) 122 (0.36) 2.58 (1.80 to 3.71) 2.59 (1.80 to 3.72)
Primary diagnosis of pneumonia
4244 34250
Pneumonia
0-5 31 (0.73) 253 (0.74) 0.99 (0.68 to 1.44) 0.98 (0.67 to 1.42) 0.98 (0.67 to 1.42)
6-10 9 (0.21) 82 (0.24) 0.87 (0.43 t0 1.73) 0.87 (0.43t0 1.74) 0.88 (0.44 to 1.75)
11-15 11 (0.26) 49 (0.14) 1.77 (0.92 to 3.41) 1.79 (0.93 to 3.44) 1.78 (0.92 to 3.43)
16-20 10 (0.24) 69 (0.2) 1.20 (0.62 to 2.33) 1.16 (0.60 to 2.26) 1.16 (0.59 to 2.25)
IM
0-5 3(0.07) 17 (0.05) 1.33 (0.39 to 4.58) 1.33 (0.39 to 4.57)
6-10 6 (0.14) 25 (0.07) 1.86 (0.76 to 4.57) 1.87 (0.76 to 4.59)
11-15 31(0.73) 72 (0.21) 3.44 (2.25 to 5.26) 3.44 (2.25 to 5.25)
16-20 40 (0.94) 122 (0.36) 2.59 (1.81 to 3.72) 2.60 (1.81 to 3.73)

Bold text indicates results where the 95% CI does not cross 1.00.
*Model 1: adjusted for matching variables; model 2: adjusted for matching variables and IM; model 3: adjusted for matching variables,

IM and education. In all models, the OR is comparing having a diagnosis within the age group with not having a diagnosis in the age

group.

Cont, controls; IM, infectious mononucleosis; n, total individuals in group.

CXCL12 (stromal-derived factor 1),>** and expression
of the CXCLI12 receptor CXCR4 which has recently been
described as a signature feature of T cells involved in
MS pathology.g6 This indicates potential immunological
mechanisms, and activation of cellular subsets, through
which pneumonia could increase the risk of MS. Similar
mechanisms could also be involved in the aggravation of
symptoms, relapses and increase of disability that are seen
in patients with MS with airway infections.’” The lung and
BALT have been shown to be involved in the initiation of
autoimmune neuro—inﬂammation,5 however the role of
BALT in humans is unclear as there is evidence indicating
that BALT represents a constitutive structure in children,
but in adults it is usually only present during pneumonia
and in smokers.***

Strengths and limitations

This study determined age-specific exposures rele-
vant to MS risk at ages that broadly represent stages of
neurological development, assessing potentially critical
periods before the preclinical phase of MS. The use of

the PR captured serious episodes of hospital-diagnosed
pneumonia that may be more aggressive, as less severe
pneumonia is treated at the primary care level and is not
recorded in the PR. We chose pneumonia as this respi-
ratory infection is more serious than, for example, influ-
enza or bronchitis, with more possible sequelae including
long-term inflammatory and systemic immunological
consequences. However, it is possible that other respira-
tory tract infections also influence MS risk.

This study controlled for IM diagnoses, another infec-
tion in adolescence associated with increased MS risk
later in life, but adjusting for IM had little impact on the
magnitude of the association between pneumonia and
subsequent MS. This study considered MS diagnoses after
age 20 years, and employed two strict inclusion criteria of
MS cases in order to reduce misclassification and identify
possible risk periods. It also included a sensitivity anal-
yses using MS onset in conjunction with diagnosis and
all analyses demonstrated a similar, consistent pattern of
results across age groups. However, despite a reduction
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in numbers of subjects and episodes of pneumonia due
to the stricter inclusion definitions, the magnitude of
the association remained consistent, although somewhat
reduced.

Potential limitations include possible misclassification
of MS cases. Under case definition 1, use of both the PR
and MSR captured more MS cases. Although the MSR
has a high coverage, some patients are only captured
by the PR. The PR has high accuracy of MS diagnoses,
even when using one diagnosis of MS, but it is possible to
receive an ICD code for suspected rather than confirmed
MS, which may increase misclassification. This is why
we also used case definition 2 as it has been shown that
using a definition of two or more MS diagnoses in the PR
reduces misclassification.” Misclassification is mainly an
issue from 2001 onwards due to the addition of the outpa-
tient register to the PR. In a post hoc analysis of the MS
cases with a first diagnosis from 2001 onwards under case
definition 1 (n=4986), 90.77% were still included under
case definition 2 (n=4526), demonstrating a high level
of accuracy in this time period. Overall, 91.54% of all
cases included under case definition 1 were also included
under case definition 2, indicating a low risk of substan-
tial misclassification bias. Additionally, the measure of MS
onset may not always capture true onset of the disease
process, as it is based on a history which may not identify
symptoms truly associated with MS or the first symptom,
but this is unlikely to overestimate risk. This measure
was also only available for a subset of patients, notably
reducing statistical power.

Furthermore, we cannot rule out that the observed
association was potentially due to chance or unobserved
confounding as we did not have information on lifestyle
factors as our study was limited to register-based data.
Despite factors such as active / passive smoking and obesity
being unavailable, which could be associated with both
pneumonia and MS, the association with pneumonia was
largely limited to one age category, at an age before most
people tend to start smoking heavily. Therefore, active/
passive smoking is unlikely to be a major confounding
factor as the consequences of confounding of this nature
would have been observed in most age groups (with asso-
ciations of pneumonia with MS in most age groups), and
especially in the age group 20-30 years as we would expect
to see a possible cumulative effect of smoking over time.
Nevertheless, we should consider these explanations
given the primary analysis and sensitivity analysis 1 found
an association of pneumonia between 11-15 years of age
with MS, but observed non-statistically significant results
in subsequent sensitivity analyses, although they were of
a similar magnitude. This could also be due to reduced
sample sizes after imposing stricter inclusion criteria and
sensitivity analyses, losing nearly 50% of MS cases in sensi-
tivity analysis 3.

Another potential limitation included not being able
to consider vaccinations against S. pneumoniae. Pneumo-
coccal vaccination became part of the vaccination scheme
in 2009, and little if any data are available before 2008 on

the level of vaccination coverage in Sweden.* However,
this is unlikely to affect the results as too few of the indi-
viduals in this study would have been born sufficiently
recently to have been vaccinated as children. Additionally,
only up to a third of pneumonia diagnoses in unvaccinated
children are caused by S. pneumoniae.”® Furthermore, we
could not assess if the cause of pneumonia (bacterial or
viral) differentially influenced MS risk. Reliable differen-
tiation of pneumonia diagnoses from the PR is difficult as
not all specific infecting organisms are characterised, ICD
codes vary over time and there is clinician and regional
variation in coding.

Another potential limitation is the use of education as
a proxy for socioeconomic circumstances: a more direct
measure of material conditions of the household would
be desirable to more accurately assess risk of infections.

CONCLUSION

This study strengthens the increasing evidence of a crit-
ical period in adolescence for later development of MS
and also that the lungs, and serious respiratory infec-
tions or other sources of pulmonary inflammation, may
play a role in MS aetiology. Further research examining
associations of pneumonia and other severe respiratory
infections with MS is needed to replicate these findings.
If replicated, the role of these infections in MS aetiology
should be determined.
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