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b Clinical Epidemiology Division, Karolinska Institutet, Stockholm, Sweden 
c Department of Clinical Neuroscience, Karolinska Institutet, Stockholm, Sweden 
d Department of Epidemiology and Public Health, University College London, UK   

A R T I C L E  I N F O   

Keywords: 
Multiple sclerosis 
Serious infections 
Disease course and disability 
National register-based study 

A B S T R A C T   

Background and objectives: Serious infections are an emerging concern with increasing use of potent immuno-
modulation in multiple sclerosis (MS), but the extent to which MS disease features influence infectious sus-
ceptibility is poorly characterized. The objective of this study was to assess the associations of MS disease course 
and disability status with risk of serious infections. 
Methods: A cohort of 8660 MS patients was individually matched on age, sex and region of residence with 86,600 
people without MS from the general population using national registers in Sweden. The study period was from 
1996 to 2012, with follow-up until December 31, 2014. The main outcomes were infection as the underlying or 
contributory cause of death or infection-related hospital admission identified in the Cause of Death and Patient 
registers. MS disease course (relapsing-remitting or progressive disease) and Expanded Disability Status Scale 
(EDSS) score (six and over or below six) were extracted from the MS Register Hazard ratios (HRs) for any serious 
infection were estimated using flexible parametric models. 
Results: During a median follow-up of 9.6 years (interquartile range = 5.5–13.5 years), 1337 MS patients 
experienced a serious infection. Compared with individually matched people without MS, risk of serious infec-
tion was greater for progressive disease (HR = 3.80; 95% CI 3.52: 4.09) than relapsing-remitting disease (HR =
1.77; 95% CI: 1.62:1.93). A similar pattern of risk was seen for dichotomised EDSS score (HR = 4.26; 95% CI 
3.87: 4.70 for EDSS 6.0–9.5 and HR = 1.30; 95% CI 1.1853: 1.43 for EDSS 0.0–5.5). Overall, associations with 
greater disability did not notably differ by immunomodulatory therapy use, but associations with lower disability 
were more pronounced in patients receiving these therapies. 
Conclusions: Disease course or EDSS score (which may be more readily available than MS course in some patients) 
should be considered in individual management and monitoring of MS patients, including assessing benefit-risk 
of therapies that influence general immune function.   

1. Introduction 

Multiple sclerosis (MS) patients are at increased risk of serious in-
fections, reflected by infection-related hospital admissions and cause- 
specific mortality (Marrie et al., 2014; Montgomery et al., 2013; Smes-
tad et al., 2009; Burkill et al., 2017). Clinically manifest infections can 
have a significant influence on the lives of MS patients as they have been 
associated with relapses resulting in more sustained neurological defi-
cits (Buljevac et al., 2002). Serious infections have become a greater 
concern recently due to the introduction of newer disease modifying 

therapies (DMTs), which not only improve disease control, but also in-
crease the susceptibility to infections (Br ü ck et al., 2013; Luna et al., 
2020). Limited evidence, however, exists regarding other MS-specific 
predictors of infection risk among patients. The contribution of 
non-treatment specific factors is indirectly supported by data showing 
an increased infection rate both immediately before and after MS 
diagnosis (Castelo-Branco et al., 2020). Whilst infections may occur at 
any time point during the course of the disease, it is anticipated that the 
susceptibility to infections increases with longer disease duration and 
more advanced disability. Indeed, MS-related functional loss including 
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bladder dysfunction and respiratory problems have been identified as 
risks for infection (Celius, 2017). Despite this variation in infection 
susceptibility, to the best of our knowledge, no population-based data 
exist for the risk of serious infections by disease course (relapsing--
remitting vs. progressive) or Expanded Disability Status Scale (EDSS) 
(Kurtzke, 1983) score, the most widely used MS outcome measures in 
clinical practice. Because such information is pertinent for guiding in-
dividual patient management and monitoring, including among patients 
receiving DMTs, we assessed the association of these clinically available 
measures with the risk of serious infections in a well-characterised 
Swedish cohort of MS patients and matched reference individuals 
from the general population. 

2. Methods 

This is a matched cohort study of patients in the Swedish Multiple 
Sclerosis Register (MSR), covering approximately 80% of MS patients 
diagnosed in Sweden (Hillert and Stawiarz, 2015), with a high speci-
ficity for an MS diagnosis based on cerebrospinal fluid oligoclonal band 
data (Bahmanyar et al., 2009; Alping et al., 2019). Each patient was 
matched with 10 individuals without MS based on sex, year of birth, 
vital status and region of residence at the time of MS diagnosis. Some 
8660 patients with a first MS diagnosis between 1996 and 2012 with the 
date retrieved from the MSR or Patient Register, with information on 
clinical course (relapsing-remitting or progressive, with year of transi-
tion) in the MSR were included, and their corresponding matched in-
dividuals without MS (n = 86,600). Progressive disease was defined as 
either a primary or secondary progressive course and for patients with 
secondary progressive MS the year of transition was extracted if avail-
able. Patients diagnosed with progressive-relapsing disease were not 
part of our study population, as their number was too small for mean-
ingful analysis, and this diagnosis is no longer recorded as a separate 
disease course category in the MSR. Individual linkage with the Patient 
Register (Ludvigsson et al., 2011), the Cause of Death Register (Brooke 
et al., 2017) and the Total Population Register (Ludvigsson et al., 2016) 
was performed using the unique personal identification number issued 
to all residents in Sweden with follow-up to December 31, 2014. 

Ethical approval for this study was given by the Regional Ethical 
Review Board at Karolinska Institutet (2013/1156-31/5). Informed 
consent is required for inclusion in the MSR. 

2.1. Outcomes 

The main outcome was any serious infection after cohort entry, 
defined as a diagnosis of infection associated with hospital admission 
(including primary and secondary discharge diagnoses) as recorded in 
the Patient Register (with national coverage of diagnoses included in 
this study (Ludvigsson et al., 2011)) or mortality due to infection (as 
underlying or contributory cause) as recorded in the Cause of Death 
Register. As a secondary outcome, we studied serious infections sub-
divided by site into 6 groups: respiratory tract infections, sepsis, in-
fections of the central nervous system, skin infections, gastrointestinal 
infections, and urinary tract infections, identified using the international 
classification of diseases, 9th and 10th revision (Supplementary 
Table 1). 

2.2. MS disease course and EDSS score 

The MSR holds information on disease course at diagnosis (defined as 
either relapse-remitting or primary progressive disease) as well as the 
recorded year of transition to secondary progressive disease. The EDSS is 
also recorded prospectively as assessed by the neurologist at routine 
clinical care visits, and ranges from 0 to 9.5 with 0.5 unit increments 
with higher scores indicating greater disability (Kurtzke, 1983). EDSS 
scores were categorised as either mild/moderate disability (0.0–5.5) or 
severe disability (6.0–9.5). 

2.3. Covariates 

We retrieved the following covariates from the registry data: age, 
sex, calendar year of cohort entry, region of residence, educational 
attainment (compulsory school or less, upper secondary education, 
higher education, unknown) and for MS patients also information on 
DMT use. Only DMTs known to have a general impact on the immune 
system (Rituximab, Natalizumab, Alemtuzumab, Dimethyl Fumarate or 
Fingolimod) were extracted from the MSR and categorised as ever or 
never used. 

2.4. Statistical analyses 

All individuals were followed from the date of cohort entry (date of 
diagnosis for MS patients and equivalent time point in the matched 
comparators) until the outcome (infection-related hospital admission or 
mortality), death by other causes, emigration, or end of the study period 
(December 31, 2014), whichever occurred first. Flexible parametric 
models (Royston and Parmar, 2002) were used to allow the association 
between exposure and outcome to vary over time. In all models, attained 
age (i.e. the actual age of the individual at follow-up) was the underlying 
time scale and a restricted cubic spline with five degrees of freedom was 
used for the baseline hazard. Time-dependent effects were modelled by 
adding an interaction term with time using a second spline with three 
degrees of freedom. To facilitate comparisons across the different 
models, HRs are also presented for predefined strata of attained age 
(<40 years, 40–60 years, > 60 years). All analyses were adjusted for 
matching factors (age, sex and region of residence) and additionally for 
educational attainment and calendar period of cohort entry. 
(1996–1999, 2000–2003, 2004–2007, 2008–2012). Disease course and 
EDSS scores were modelled as time-varying variables to account for 
transitions in disease status during follow-up. To avoid problems asso-
ciated with multicollinearity, disease course and EDSS scores were not 
included in the same model and only assessed separately. We also 
examined associations with infection-related deaths and hospital ad-
missions separately. To assess the extent to which results differed by 
DMTs we repeated all analyses by DMT treatment (ever vs. never). 

We also stratified analyses by sex as previous studies have demon-
strated the risk of serious infections to be higher among male than fe-
male MS patients (Montgomery et al., 2013; Wijnands et al., 2017; 
Persson et al., 2020). To address possible surveillance bias, we con-
ducted a sensitivity analysis restricted to serious infections with a main 
diagnosis only. Since primary diagnoses of infection will predominantly 
capture community-acquired infections, this analysis also provides some 
insight into the extent to which associations are driven by community 
acquired infections rather than infections diagnosed incidentally in 
hospital. We further evaluated associations with more severe recurrent 
infections, defined as at least 2 diagnoses of infection-related hospital 
admission more than 6 months apart. All data were analyzed using Stata 
version 15 MP (StataCorp, College Station, TX, USA). 

3. Results 

The median age at MS diagnosis was 39 years, and 70.6% of patients 
were female. Patients with MS had somewhat higher educational 
attainment than the cohort without MS (Table 1). 

In total, 5664 MS patients (65.4%) had RRMS and did not develop 
progressive disease during follow-up. An EDSS score was recorded for 
7589 patients (87.6%) and of these 1912 (25.2%) had greater disability 
(EDSS 6.0–9.5). Information on DMT use was available for 7382 (85.2%) 
patients. 

Median follow-up was 9.6 years (Q1-Q3 = 5.5–13.5 years) and the 
median attained age at analysis was 49.6 years (Q1-Q3 = 40.3–59.5 
years). During this period of follow-up, 1337 patients with MS had any 
serious infection, and a total of 1331 infection-related hospital admis-
sions and 93 infection-related deaths were recorded. The rate of serious 
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infection was 32.6 and 9.8 per 1000 person-years among patients with 
progressive and relapsing-remitting disease respectively compared to 
6.75 per 1000 person-years in matched reference individuals without 
MS. This translates to an increased relative risk of serious infections 
among MS patients, particularly in patients with a progressive course 
(HR = 3.80; 95% CI 3.52: 4.09) but also in those with relapsing- 
remitting disease (HR = 1.77; 95% CI 1.62:1.93). A similar pattern of 
association was seen for EDSS score divided into below six and six or 
above (HR = 4.26; 95% CI 3.87: 4.70 for EDSS 6.0–9.5 and HR = 1.30; 
95% CI 1.18: 1.43 for EDSS 0.0–5.5) compared with individuals without 
MS. Stratified analyses by sex revealed that relative risks associated with 

more advanced disease and disability were greater in male than female 
MS patients (Supplementary Table 2). 

Analyses stratified by attained age are presented in Fig. 1 and 
Table 2. Overall, HRs for infection associated with progressive disease 
and greater disability declined with increasing attained age. Patients 
with progressive disease who were aged <40 years, had a 4.7-fold 
increased risk of serious infection (HR = 4.68; 95% CI 3.63: 6.03) 
compared to individuals without MS in the same age group. HRs for 
patients with progressive disease aged 40–60 years and >60 years were 
4.21 (95% CI 3.78: 4.69) and 2.84 (95% CI 2.52: 3.19) respectively. 

Absolute rates of serious infections for the patient groups and in-
dividuals without MS are plotted as a function of attained age in Sup-
plementary Fig. 1 with corresponding rate differences in Fig. 2. Whereas 
HRs for progressive disease and greater disability decreased with 
increasing age, absolute rate differences increased exponentially with 
age (Fig. 2). 

After the age of 60 years the rate of serious infection in patients with 
a progressive course and age-matched comparators was 41.7 (95 CI 
37.5: 46.4) and 14.7 (95% CI 14.1: 15.4), respectively, per 1000 person- 
years. Corresponding rates before the age of 40 years were 21.7 (95% CI 
17.0: 27.7) and 4.8 (95% CI 4.5: 5.0), respectively (Supplementary 
Table 3). 

Analyses by infection site showed that relative risks and absolute rate 
differences for serious infections associated with MS disease severity 
were highest for urinary tract infections (Supplementary Table 4). 
Separate analyses for each infection type revealed that the overall results 
were mainly driven by infection-related hospital admissions. Analysis of 
infection-related mortality was limited by small numbers and showed 
elevated risks among patients with progressive disease and greater 
disability, but not among those with relapsing-remitting disease and 
lower disability scores (Supplementary Table 5). 

Associations with progressive disease were not notably different 
among those who were treated with a DMT among the subset of patients 
where information on DMT use was available (HR = 4.37; 95% CI 3.52: 
5.42) and those who were not (HR = 3.76; 95% CI 3.41: 4.14). Associ-
ations with relapsing-remitting disease, on the other hand, were of 
somewhat higher magnitude in those treated with a DMT (HR = 2.22; 
95% CI 1.95: 2.53) than those who were not (HR = 1.49; 95% CI 1.31: 
1.70). The pattern of association was similar for EDSS scores and in 
patients not receiving a DMT the association with lower scores was only 

Table 1 
Characteristics of the study population (N = 95260).   

MS (n = 8660) No MS (n = 86600) 

Sex, % (N) 
Male 29.4 (2548) 29.4 (25480) 
Female 70.6 (6112) 70.6 (61120) 

Calendar year at cohort entry, % (N) 
1996–1999 17.3 (1494) 17.3 (14940) 
2000–2003 29.4 (2547) 29.4 (25470) 
2004–2007 23.7 (2051) 23.7 (20510) 
2008–2012 29.7 (2568) 29.7 (25680) 

Age at cohort entry (years), % (N) 
< 18 1.6 (138) 1.5 (1325) 
18-40 51.7 (4476) 51.9 (44926) 
41-64 44.1 (3815) 43.9 (38035) 
≥ 65 2.7 (231) 2.7 (2314) 

Educational level, % (N) 
Compulsory school or less 13.2 (1141) 14.3 (12366) 
Upper secondary 46.4 (4021) 45.7 (39545) 
Higher education 39.9 (3457) 39.2 (33927) 
Unknown 0.5 (41) 0.9 (762) 

Disease course at the last clinical visit, % (N) * 
Relapsing-remitting 65.4 (5664) – 
Secondary progressive 25.0 (2169) – 
Primary progressive 9.5 (827) – 

Last recorded EDSS score, % (N) * 
0.0–2.5 (mild) 52.0 (3969)  
3.0–5.5 (moderate) 25.1 (1911) – 
6.0–9.5 (severe) 22.9 (1746) – 
Missing 11.9 (1034) – 

Abbreviations: MS = multiple sclerosis; EDSS = Expanded Disability Status 
Scale. Last recorded disease status (course/EDSS) during follow-up. 

Fig. 1. Relative risks of serious infection associated 
with MS disease course and disability by attained age. 
Hazard ratios comparing rates of serious infections in 
MS patient groups by disease course and disability 
with rates in matched individuals from the general 
population without MS (= reference). All hazard ra-
tios are derived from flexible parametric models with 
attained age as underlying time scale and are adjusted 
for matching factors (age, sex and region of resi-
dence) and educational attainment and calendar 
period of cohort entry.AbbreviationsMS = multiple 
sclerosis; EDSS = Expanded Disability Status Scale; 
HR = hazard ratio; CI = confidence interval.   
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evident at older attained age (Table 3). 
Restricting analyses to primary diagnoses of infections produced 

similar results to those observed in main analyses, overall and stratified 
by DMT treatment (Supplementary Tables 6 and 7). Also, results for the 
risk of infection-related hospitalisation were not notably different in 
analyses examining recurrent infections, although associations with 
progressive disease and greater disability were of higher magnitude 
(Supplementary Table 8). 

4. Discussion 

In this large nationwide cohort study, the raised risk of serious in-
fections in MS patients, compared to people without MS, was most 
notable among those with progressive disease and greater disability as 
indicated by a higher EDSS score. This pattern of increased infection 
susceptibility with disease severity was observed in MS patients treated 
with and without DMTs and was more pronounced among male than 
female patients. In addition, we found that whilst the relative risk of 
serious infections compared with the general population was higher 
among younger MS patients, greater absolute rates were seen at older 
ages. 

4.1. Comparison with existing literature 

Whilst the hospital admission rate among MS patients has declined in 
recent years, infections remain a common cause of hospital admission in 
this patient population (Marrie et al., 2014) and this number may rise 
considering the increasing incidence of MS and life expectancy of people 
living with MS (Magyari and Sorensen, 2019). Whilst functional limi-
tations are generally regarded as a key risk factor for infections, their 
association with the incidence of serious infections has rarely been 
explicitly examined in a population-based setting. A recent study (Pirt-
tisalo et al., 2020) found that MS patients with a hospital admission for 
infections more often had progressive disease and advanced disability, 
but could not examine absolute risks or risk patterns by infection site 
and other susceptibility factors including DMTs. Here we show that 
relative and absolute excess risks associated with a progressive course 
and greater disability are greatest for urinary tract infections. Most 
people with MS experience bladder dysfunction during their lives 
including possible urinary retention and catheter use, and this func-
tional limitation has been shown to correlate strongly with the level of 
disability (Lin et al., 2019; Nortvedt et al., 2007; de S è ze et al., 2007). 
Previous studies have also demonstrated a similar site-specific pattern of 
infections among MS patients in general with a particular high risk of 
urinary tract infections (Montgomery et al., 2013; Castelo-Branco et al., 

Table 2 
Associations of MS disease course and disability with risk of any serious infection, overall and by attained age.   

Overall Attained age 

<40 yrs 40–60 yrs >60 yrs  

Total N N events HR (95% CI) N events HR (95% CI) N events HR (95% CI) N events HR (95% CI) 
No MS 86600 5576 REF 1304 REF 2413 REF 1859 REF 
MS clinical course 

Relapsing-remitting 5664 536 1.77 (1.62; 1.93) 234 2.03 (1.76; 2.33) 238 1.67 (1.46; 1.91) 64 1.56 (1.21; 2.00) 
Progressive 2996 801 3.80 (3.52; 4.09) 64 4.68 (3.63; 6.03) 394 4.21 (3.78; 4.69) 343 2.84 (2.53; 3.19) 

MS EDSS score 
0.0–5.5 (mild/moderate) 5677 440 1.30 (1.18; 1.43) 136 1.24 (1.04; 1.48) 206 1.31 (1.13; 1.51) 98 1.39 (1.14; 1.71) 
6.0–9.5 (severe) 1912 449 4.26 (3.87; 4.70) 44 5.42 (4.00; 7.34) 212 5.17 (4.48; 5.95) 193 3.42 (2.95; 3.97) 

Hazard ratios comparing rates of serious infections in MS patient groups by disease course and disability with rates in matched individuals from the general population 
without MS (= reference). All hazard ratios are derived from flexible parametric models and are adjusted for matching factors (age, sex and region of residence) and 
educational attainment and calendar period of cohort entry. 
Abbreviations: MS = multiple sclerosis; EDSS = Expanded Disability Status Scale; HR = hazard ratio; CI = confidence interval; REF = reference category. 

Fig. 2. Absolute rate differences of serious infection 
associated with MS disease course and disability by 
attained age. 
Differences in absolute rates of serious infection 
associated with MS disease course and disability sta-
tus. All rates are derived from flexible parametric 
models with attained age as underlying time scale 
using matched individuals from the general popula-
tion without MS as a reference. Abbreviations: MS =
multiple sclerosis; EDSS = Expanded Disability Status 
Scale; CI = confidence interval.   
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2020; Wijnands et al., 2017). Our data further indicate that the raised 
risk of serious infections with greater functional loss is independent of 
DMT use. Clinically, this finding suggests that disability status can be 
used to identify patients who are already at risk of infection because of 
DMTs. Whilst associations with progressive disease and higher EDSS 
scores did not notably differ by DMT use, associations with relapsing 
remitting disease and lower EDSS scores were less pronounced in pa-
tients who did not receive a DMT. This apparent difference in associa-
tion by DMT use is most likely due to differences in disease severity, with 
patients with milder scores or a relapsing remitting course having more 
severe disease when treated with a DMT. 

Previous studies (Montgomery et al., 2013; Wijnands et al., 2017; 
Persson et al., 2020) have demonstrated disproportionally higher risks 
of serious infections in male than female MS patients, which has been 
attributed to a more rapid and aggressive disease course in male patients 
(Tremlett et al., 2006; Menon et al., 2013). Here we show that whilst 
higher magnitude associations are found among male patients, a raised 
risk of serious infections with progressive course and greater disability 
exists in both males and females, suggesting that a greater male sus-
ceptibility for infections in general (Klein and Flanagan, 2016) is a more 
likely explanation for this observation. 

We further found lower magnitude HRs with increasing attained age. 
This pattern can be explained by the increasing baseline incidence of 
infections with advancing age, especially when age-related conse-
quences occur more frequently among the general population. Similarly, 
serious infections are likely to be rarer among younger than older MS 
patients, explaining the greater absolute risk observed with older age. In 
light of recent trends in MS disease presentation with increasing age at 
onset and longer life expectancy (Magyari and Sorensen, 2019), more 
patients with MS will experience serious infections. 

Overall, we found that risks of infection-related hospital admission 
and mortality followed a similar pattern with disease severity, although 
the rate of infection-related death was not increased among patients 
with relapsing-remitting disease. It should, however, be noted that the 
number of deaths due to infection was relatively small in our study and 
this reflects clinical reality: excess mortality in MS patients continues to 
exist, but the gap with the general population has narrowed (Burkill 
et al., 2017). However, it is possible that this trend may be interrupted 
by increasing use of newer therapeutic options such as alemtuzumab, 
ocrelizumab, ofatumumab and rituximab, which are associated with an 
increased risk of opportunistic life-threatening infections (Zappulo et al., 

2019). In addition, the rare but serious infection progressive multifocal 
leukoencephalopathy (PML) occurs in people with immunosuppression, 
but MS patients were not at notably raised risk of PML until introduction 
of natalizumab (Iacobaeus et al., 2018). The lack of PML among MS 
patients in Sweden in recent years is testament to the value of planning 
treatment and monitoring based on screening of risk factors for infection 
(K å gstr ö m et al., 2021). 

4.2. Strengths and limitations 

A major strength of this study is the nationwide register-based design 
with prospectively recorded data, minimising potential selection and 
information biases. Another strength is the high coverage and specificity 
of MS diagnoses in the SMR with only a small proportion of patients 
having missing data on MS-related clinical characteristics. The use of 
flexible parametric models enabled us to model relative and absolute 
risks of serious infections across the entire attained age range. This re-
duces reliance on the exact date of MS onset and allows estimation of 
risk estimates at ages with the highest population burden of serious 
infections. The outcome of this study defined as infections associated 
with hospital admission or death is suited to study infections that are 
potentially life-threatening (as opposed to infections among outpatients) 
and clinically most relevant in this patient population. Our study also 
has potential limitations. Compared to the general population, MS pa-
tients may have more frequent healthcare contacts resulting in an 
infection diagnosis. Surveillance and referral bias could partly explain 
the excess risk of infection-related hospital admission among MS pa-
tients, but not associations with infection-related mortality. Also, this 
bias would be more plausible for less serious infections that otherwise 
would have gone unnoticed. Hence, results of our sensitivity analyses 
focusing on main infection diagnoses only and recurrent infection- 
related hospital admissions suggest that the influence of this possible 
bias is minimal. Another limitation is the possible misclassification of 
the outcome. An external review study of the Swedish Inpatient Register 
(Ludvigsson et al., 2011) found high coverage and validity for most 
hospital diagnoses, but infectious diseases have not been extensively 
validated. A Danish validation study (Henriksen et al., 2014), however, 
has shown that hospital discharge diagnoses are reliable for detecting 
infections, with a high degree of validity for site-specific infections and 
moderate validity for overall infections (sensitivity = 80% and speci-
ficity = 84%). In our study, associations were also not notably different 

Table 3 
Associations of MS disease course and disability with risk of serious infection stratified by disease modifying therapy, overall and by attained age.   

Overall Attained age 

<40 yrs 40–60 yrs >60 yrs  

Total N N events HR (95% CI) N events HR (95% CI) N events HR (95% CI) N events HR (95% CI) 
Never DMT 
MS clinical course 

Relapsing-remitting 2601 229 1.49 (1.31; 1.70) 62 1.39 (1.07; 1.79) 126 1.52 (1.27; 1.82) 41 1.64 (1.20; 2.24) 
Progressive 1667 454 3.76 (3.41; 4.14) 39 5.94 (4.29; 8.23) 232 3.98 (3.47; 4.57) 183 2.82 (2.42; 3.29) 

MS EDSS score 
0.0–5.5 (mild/moderate) 2706 197 1.10 (0.96; 1.27) 29 0.69 (0.48; 1.00) 108 1.16 (0.95; 1.40) 60 1.38 (1.07; 1.79) 
6.0–9.5 (severe) 954 279 4.35 (3.85; 4.91) 28 7.52 (5.14; 11.00) 130 4.75 (3.98; 5.68) 121 3.72 (3.09; 4.47)  

Ever DMT 
MS clinical course 

Relapsing-remitting 2592 250 2.22 (1.95; 2.53) 162 2.49 (2.11; 2.93) 83 1.91 (1.53; 2.38) 5 1.82 (0.75; 4.39) 
Progressive 522 84 4.37 (3.52; 5.42) 20 3.81 (2.45; 5.94) 55 4.61 (3.52; 6.03) 9 3.49 (1.81; 6.74) 

MS EDSS score 
0.0–5.5 (mild/moderate) 2396 182 1.63 (1.41; 1.90) 103 1.64 (1.34; 2.01) 73 1.62 (1.28; 2.05) 6 1.93 (0.86; 4.30) 
6.0–9.5 (severe) 434 64 5.18 (4.05; 6.63) 15 3.86 (2.31; 6.43) 43 6.32 (4.67; 8.55) 6 3.54 (1.59; 7.92) 

Hazard ratios comparing rates of serious infections in MS patient groups by disease course and disability and stratified by disease modifying therapy with rates in 
matched individuals from the general population without MS (= reference). All hazard ratios are derived from flexible parametric models and are adjusted for the 
matching factors (age sex and region of residence) and for educational attainment and calendar period of cohort entry. 
Abbreviations: MS = multiple sclerosis; EDSS = Expanded Disability Status Scale; HR = hazard ratio; CI = confidence interval; REF = reference category, DMT, disease 
modifying therapy. DMT is defined as Rituximab, Natalizumab, Alemtuzumab, Dimethyl Fumarate or Fingolimod. 
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in analyses limited to main diagnoses only (i.e. infection as primary 
discharge diagnosis or underlying cause of death), reducing the likeli-
hood of potential bias due to misclassification. We did not have infor-
mation on some relevant lifestyle factors, such as smoking status, and 
vaccination rates in MS patients and their matched comparators that 
could affect the associations observed. However, it is unlikely that such 
factors fully explain the greater risk of serious infections with disease 
progression and more advanced disability including the site-specific risk 
pattern observed. Lastly, MS treatment has changed considerably during 
the study period and several new drugs have been introduced in recent 
years: the list of DMTs we used was not exhaustive, and some treatments 
would have been rarely used during our study period, such as alemtu-
zumab and dimethyl fumarate. DMTs may also have a therapeutic lag 
before infectious complications become fully manifest. Hence, our re-
sults may not be directly applicable to other settings with long-term 
administration of more potent DMTs, since the proportion of patients 
treated with such treatments was only modest in this study. Despite 
these potential limitations, there was no notable evidence that DMT use 
explains the overall associations of MS disease course and disability with 
risk of serious infections. 

4.3. Implications of the research 

Our study underscores the notion that susceptibility to serious in-
fections is determined by disease-specific markers that are readily 
available in clinical practice. This observation calls for more awareness 
among healthcare professionals and may have implications for man-
agement of patients with MS treated with or without DMTs. For 
instance, it has been suggested that prior infectious history should be 
taken in consideration when selecting a therapeutic strategy and po-
tential precautionary measures in MS patients (Montgomery et al., 2013; 
Celius, 2017). Our results suggest that in addition to pre-existing in-
fections, MS disease course or disability can serve as disease specific 
predictors to identify at-risk patients who could potentially benefit from 
mitigation strategies to prevent serious infections. Proposed mitigation 
strategies range from DMT targeted strategies focusing on dose/fre-
quency adjustment, on-treatment prophylaxis and monitoring, to more 
general preventive measures including vaccination and behavioural 
modification strategies (Smith and Kister, 2021). We further demon-
strate that the magnitude of associations are similar for measures of MS 
disease course and EDSS score. This is of potential clinical importance as 
assessment of disease course requires access to multiple sources of in-
formation and an extended period of observation (Lublin et al., 2014), 
while EDSS can be readily assessed in the clinic and used to identify 
patients at greater risk of serious infection. In light of the COVID-19 
pandemic, a recent study (Louapre et al., 2020) identified higher 
neurological disability assessed by EDSS as an independent risk factor 
for COVID-19 complications, highlighting the importance of strength-
ening precautionary measures among patients with greater disability to 
limit the risk of infections. Our study extends these observations to 
serious infections in general, among patients treated with and without 
DMTs. 

5. Conclusions 

Compared to people without MS, the risk of serious infections is 
increased among those with a progressive disease course and higher 
EDSS score (which may be more readily available than disease course in 
some patients), independently of DMT use. The risk patterns observed 
highlight the need to further examine which patient management stra-
tegies including general preventive measures (including vaccination and 
simple hygiene measures) and DMT specific measures could be used to 
alleviate the excess risk of serious infections among MS patients with a 
progressive course or greater disability. 
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de Sèze, M., Ruffion, A., Denys, P., Joseph, P.A., Perrouin-Verbe, B., 2007. The 
neurogenic bladder in multiple sclerosis: review of the literature and proposal of 
management guidelines. Mult. Scler. 13 (7), 915–928. https://doi.org/10.1177/ 
1352458506075651. 

Henriksen, D.P., Nielsen, S.L., Laursen, C.B., Hallas, J., Pedersen, C., Lassen, A.T., 2014. 
How well do discharge diagnoses identify hospitalised patients with community- 
acquired infections? - a validation study. PLoS One 9 (3), 1–9. https://doi.org/ 
10.1371/journal.pone.0092891. 

Hillert, J., Stawiarz, L., 2015. The Swedish MS registry - clinical support tool and 
scientific resource. Acta Neurol. Scand. 132 (S199), 11–19. https://doi.org/ 
10.1111/ane.12425. 

Iacobaeus, E., Burkill, S., Bahmanyar, S., et al., 2018. The national incidence of PML in 
Sweden, 1988-2013. Neurology 90 (6), e498–e506. https://doi.org/10.1212/ 
WNL.0000000000004926. 
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