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Abstract

The involvement of specific viral and bacterial infections as risk factors for multiple sclerosis
has been studied extensively. However, whether this extends to infections in a broader sense is
less clear and little is known about whether risk of a multiple sclerosis diagnosis is associated
with other types and sites of infections, such as of the CNS. This study aims to assess if hospital-
diagnosed infections by type and site before age 20 years are associated with risk of a
subsequent multiple sclerosis diagnosis and whether this association is explained entirely by
infectious mononucleosis, pneumonia, and CNS infections. Individuals born in Sweden
between 1970-1994 were identified using the Swedish Total Population Register (n =
2,422,969). Multiple sclerosis diagnoses from age 20 years and hospital-diagnosed infections
before age 20 years were identified using the Swedish National Patient Register. Risk of a
multiple sclerosis diagnosis associated with various infections in adolescence (11-19 years) and
earlier childhood (birth-10 years) was estimated using Cox regression, with adjustment for sex,
parental socioeconomic position, and infection type. None of the infections by age 10 years
were associated with risk of a multiple sclerosis diagnosis. Any infection in adolescence
increased the risk of a multiple sclerosis diagnosis (hazard ratio 1.33, 95% confidence interval
1.21-1.46) and remained statistically significant after exclusion of infectious mononucleosis,
pneumonia, and CNS infection (hazard ratio 1.17, 95% confidence interval 1.06-1.30). CNS
infection in adolescence (excluding encephalomyelitis to avoid including acute disseminated
encephalitis) increased the risk of a multiple sclerosis diagnosis (hazard ratio 1.85, 95%
confidence interval 1.11-3.07). The increased risk of a multiple sclerosis diagnosis associated
with viral infection in adolescence was largely explained by infectious mononucleosis.
Bacterial infections in adolescence increased risk of a multiple sclerosis diagnosis, but the
magnitude of risk reduced after excluding infectious mononucleosis, pneumonia and CNS
infection (hazard ratio 1.31, 95% confidence interval 1.13-1.51). Respiratory infection in
adolescence also increased risk of a multiple sclerosis diagnosis (hazard ratio 1.51, 95%

confidence interval 1.30-1.75), but was not statistically significant after excluding infectious
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mononucleosis and pneumonia. These findings suggest that a variety of serious infections in
adolescence, including novel evidence for CNS infections, are risk factors for a subsequent
multiple sclerosis diagnosis, further demonstrating adolescence is a critical period of
susceptibility to environmental exposures that raise the risk of a multiple sclerosis diagnosis.
Importantly, this increased risk cannot be entirely explained by infectious mononucleosis,

pneumonia, or CNS infections.
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Introduction
Multiple sclerosis has both genetic and environmental risk factors, including human leukocyte
antigen (HLA) type, infections, low vitamin D levels, higher body mass index (BMI), and
smoking, sometimes with potent interactions with HLA risk genes.!* The involvement of
infections in increasing the risk of multiple sclerosis has been frequently studied, such as
Epstein-Barr virus (EBV), Human Herpesvirus 6 (HHV-6), and Chlamydia pneumoniae. Two
meta-analyses found that infectious mononucleosis in adolescents and young adults, a clinical
manifestation of EBV infection, more than doubled the multiple sclerosis risk (relative risk
ratios 2.30 and 2.17, respectively).>® Meta-analyses of case-control studies also found
significantly higher prevalence of anti-EBV antibodies, including anti-viral capsid antigen
(anti-VCA) immunoglobulin G (IgG) and anti-EBV nuclear antigen (anti-EBNA) IgG, in
multiple sclerosis patients compared to controls without multiple sclerosis.”®

There is also extensive evidence supporting that HHV-6 is associated with increased multiple
sclerosis risk.”!? Most prior studies are cross-sectional serology studies from which it is difficult
to determine when infection occurred and whether HHV-6 is the cause or the consequence of
multiple sclerosis.” However, a recent study that collected serum before multiple sclerosis onset
suggested that HHV-6A in contrast with HHV-6B, determined serologically, was associated
with an increased risk for future multiple sclerosis.!! For multiple sclerosis risk associated with
Chlamydia pneumoniae, a bacterial infection causing respiratory tract infections (including
pneumonia), moderate evidence of increased multiple sclerosis risk has been found. A
systematic review of six published papers before 2002 provided mixed evidence,'? but a more
recent meta-analysis of three case-control studies found increased anti-Chlamydia pneumoniae
immunoglobulins in multiple sclerosis patients compared to controls without multiple sclerosis
(odds ratio 1.35).13 The serology studies could not determine when the infection occurred and
if it pre-dated multiple sclerosis onset. However, we recently conducted a study with
prospectively recorded information, focusing on pneumonia using Swedish register data, which
provided evidence of an association for pneumonia between ages 11 and 15 years with a raised
risk of multiple sclerosis after age 20 years.'* Collectively, the evidence to date suggests that
increased multiple sclerosis risk is associated with specific viruses, in particular EBV and
perhaps HHV6A, but also other infections involving the airways.!> However, whether this
extends to infections in a broader sense is less clear and little is known about whether there is
an increased multiple sclerosis risk associated with other types and sites of infections, such as

infections of the CNS.
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Several theories have been proposed to explain the association between infections and
increased multiple sclerosis risk. The molecular mimicry hypothesis suggests that infectious
agents with homologous sequences or structures to a host’s myelin antigens could trigger cross-
activation of autoreactive T-cells to attack host tissue.!> Another suggested mechanism is that
macrophages and natural killer cells activated by infectious agents elsewhere in the body, such
as the lungs, can result in pro-inflammatory cytokine production and non-specific activation of
pre-primed T-cells. This allows them to cross the blood-brain barrier, causing inflammation in
the CNS, and inducing multiple sclerosis pathogenesis by triggering autoimmune responses
against myelin.!® For example, autoreactive T-cells triggered by lung irritation are programmed
to gain a migratory profile through bronchus-associated lymphoid tissue involvement, resulting
in inflammation in the CNS.!°

Adolescence and early adulthood may be important periods of susceptibility for the influence
of infection on multiple sclerosis pathogenesis.!® The increased multiple sclerosis risk
associated with EBV infection, in the form of infectious mononucleosis, in adolescence is
approximately twice as high as infection in earlier childhood.!:® Several other exposures are
associated with increased multiple sclerosis risk when they occur in adolescence rather than
earlier childhood: concussion,!” lower serum vitamin D level,!® higher BMIL,!® and pneumonia.!#
Migration studies also provide further evidence that adolescence may represent a window of
susceptibility to environmental exposures. Individuals who migrate before age 15 years acquire
the multiple sclerosis risk of their new country, whereas individuals who migrate at later ages
retain the multiple sclerosis risk of their country of origin.? Even though the period between
ages 11 to 19 years potentially represents a time when some environmental exposures may
initiate multiple sclerosis pathogenesis, overt clinical onset is often observed some years later,
as multiple sclerosis may have a long prodrome of five to 10 years.?° It should be noted that
infections are often the consequences of multiple sclerosis.?! Thus, a potentially important
additional advantage of studying exposures between ages 11 and 19 years is that they are less
likely to be consequences of multiple sclerosis, which typically has its onset at later ages.

This study uses a large general population-based birth cohort in Sweden to assess risk of a
multiple sclerosis diagnosis from age 20 years associated with hospital-diagnosed infections in
adolescence (ages 11 to 19 years) and earlier childhood (between birth and age 10 years). We
hypothesise that adolescence represents a period when environmental exposures are more likely
to be causally associated with increased risk of a subsequent multiple sclerosis diagnosis, while
exposures in earlier childhood are less likely to contribute to risk of a multiple sclerosis

diagnosis. We investigate the differences in the risk of a multiple sclerosis diagnosis by
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infection type and site, including CNS, gastrointestinal, genitourinary, respiratory, skin,
bacterial, viral, and the other infections. Where specific infections are associated with risk of
being diagnosed with multiple sclerosis (from previous studies, or those we identify here), we

then excluded them to demonstrate the potential role of other types of infection.

Materials and Methods
Study population

The cohort comprises all individuals who were born in Sweden between 1970 and 1994 and
reached age 20 years by the end of study (315 December 2014), identified by the Swedish Total
Population Register. Dates for almost all births, deaths, immigration, and emigration are
included in the Swedish Total Population Register since notification of these events is
mandatory.??> The unique individual Swedish personal identification number issued to all
residents at birth or immigration was used for data linkage with the Swedish National Patient
Register (to identify both inpatient and outpatient diagnoses), the Population and Housing
Census data (to identify parental occupation before 1990), the Longitudinal Integrated Database
for Health Insurance and Labour Market Studies (LISA, to identity parental occupation since
1990), and the Multi-generation Register (to identify parents of cohort members, so that in turn
we could link with the Population and Housing Census data or LISA to identify parental
occupation and thus produce a parental socioeconomic index). The Patient Register was
established in 1964 and has complete national coverage since 1987, with hospital-based
outpatient diagnoses being collected since 2001.23 Primary care/general practitioner visits are
not included in the Patient Register.?? A validation study examining the quality of the Swedish
Patient Register compared the multiple sclerosis patients identified from the Patient Register
with those identified using information linked from six national registers in Sweden (including
the Swedish Multiple Sclerosis Register, the Swedish Prescribed Drug Register, and the Micro-
Data for Analysis of the Social Insurance System) in two sequential register-based case-
definition algorithms (as the gold standard), and reported an acceptable level of accuracy for
multiple sclerosis diagnoses (with a positive predictive value of 92.50%).2* Every five years
between 1960 and 1990, the Population and Housing Census collects data on all members of
the Swedish population aged 16 years or older, including education, income, occupation, and
employment.? LISA has collected similar information as the census annually since 1990.25 All
Swedish residents are automatically included in the registers used for this study and are thus

eligible for selection. Ethical approval for this study was granted by the Swedish Ethical Review
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Authority (reference number: 2019-04143). A total of 2,650,337 individuals were identified
and 2,422,969 individuals were included in the analysis (1,244,970 men and 1,177,999 women;
see Fig.1).

Infections

All hospital-diagnosed infections before age 20 years were identified from the Patient Register
(see Supplemental Table 1 for the list of International Classification of Diseases (ICD) codes
for infections included in the analyses). Infections (ever or never) were defined as having
occurred if the ICD codes for infections listed in Supplemental Table 1 were found in either
primary or secondary diagnoses. The number of diagnoses was not considered. Instead,
infection was coded as ever or never (as some infections were rare or do not recur). We further
categorized any infections before age 20 years according to type and site, including infectious
mononucleosis, pneumonia, CNS, gastrointestinal, genitourinary, respiratory, skin, bacterial,
viral, and the other infections (see Supplemental Table 1 for the list of ICD codes for infection
by type and site). A similar procedure was followed for specific infections. To examine the age-
defined periods of potential susceptibility for the association of infections with risk of a multiple
sclerosis diagnosis, any infection diagnoses before age 20 years and infection by site and type
were categorized as occurring in earlier childhood from birth to age 10 years, or in adolescence

between ages 11 and 19 years, based on the age at infection.

Multiple sclerosis and potential confounders

A diagnosis of multiple sclerosis from age 20 years (from the 20 birthday and subsequently)
was identified from the Patient Register using ICD codes (ICD-8 or -9 code 340, ICD-10 code
G35). To ensure diagnostic accuracy, two multiple sclerosis diagnoses recorded at a minimum
of six months apart were required, as initial progression of the disease is required to confirm
diagnosis and a gap of at least six months make it more likely that relevant differential diagnoses
can be made.?¢ A study of health claims data in Canada has also found a high level of accuracy
when using at least two multiple sclerosis diagnoses to identify multiple sclerosis cases (with
sensitivity and positive predictive value above 0.90).?7 It is also unlikely that the algorithm used
to identify multiple sclerosis diagnoses in our study would lead to double counting of a multiple
sclerosis diagnosis during a single hospital admission since it would be highly unusual for
patients to be transferred between hospitals or hospital departments over six months apart for

the same initial admission (hospital admissions for multiple sclerosis tend to be for less than 30
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days).?® The first diagnosis was used to define date of first multiple sclerosis diagnosis.
Individuals with only one multiple sclerosis diagnosis or with separate multiple sclerosis
diagnoses recorded within six months were coded as “no multiple sclerosis” (n = 510), but
coded as having “multiple sclerosis” in a separate sensitivity analysis (sensitivity analysis-6).
The highest level of parental occupation nearest in time to the birth of the cohort member from
census data and the LISA register was used to derive a three-category approximation of the

European Socioeconomic Classification.?®

Statistical analysis

Cox proportional hazard regression was used to examine the association between having had
any infections in adolescence or in earlier childhood with risk of a subsequent multiple sclerosis
diagnosis. Follow-up was from age 20 years until the first diagnosis of multiple sclerosis, death,
first emigration, or study end (31 December 2014), whichever occurred first. Cohort members
who emigrated were censored on the first emigration date registered (individuals leaving
Sweden) and could not re-enter the cohort to ensure there were no gaps in follow-up. The
adjusted model included the measures of any infections between birth and age 10 years and
between age 11 and 19 years, with adjustment for sex and parental socioeconomic position.
Potential confounders were selected based on prior research and their availability in the
registers.

In order to test whether risk of a multiple sclerosis diagnosis was associated with infections
by type and site in adolescence or earlier childhood, two multivariable regression models were
used. One single multivariable regression model with all types and sites of infection included
together would lead to multicollinearity and over-adjustment given the high correlations (see
Supplemental Table 2 for tetrachoric correlations) and some overlap among infections by type
and site (for example, the same infection may be both respiratory and viral). Accordingly, one
model included measures of CNS, genitourinary, respiratory, skin, gastrointestinal, and the
category “other infections” in adolescence and earlier childhood, while another model included
measures of bacterial, viral, gastrointestinal, and the category “other infections”. Both models
were adjusted for sex and parental socioeconomic position.

In order to test whether the association between any hospital-diagnosed infections in
adolescence or earlier childhood and risk of a subsequent multiple sclerosis diagnosis was not
limited to infectious mononucleosis, pneumonia, and CNS infection, a three-step multivariable
regression was used with each of these categories was excluded from the definition of infection.

First, any infection excluding infectious mononucleosis was compared to no infection. In the
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second step, any infection excluding infectious mononucleosis and pneumonia was compared
to no infection. Finally, any infection excluding infectious mononucleosis, pneumonia, and
CNS infection was compared to no infection. All models included measures of any infections
in adolescence and earlier childhood, with adjustment for sex and parental socioeconomic
position. The same three-step multivariable regression analysis was applied for bacterial and
viral infection to test whether the association with risk of a subsequent multiple sclerosis
diagnosis was independent of infectious mononucleosis, pneumonia, and CNS infection. In
order to test whether the association between respiratory infection and risk of a subsequent
multiple sclerosis diagnosis was independent of infectious mononucleosis and pneumonia, we
also excluded infectious mononucleosis and pneumonia with adjustment for sex, parental
socioeconomic position, and CNS infection.

A total of seven sensitivity analyses were performed. In the first sensitivity analysis, the
analysis was stratified by sex. In the second sensitivity analysis, a first multiple sclerosis
diagnosis from age 25 years was used to further exclude the possibility of reverse causation
given the relatively long prodromal period in multiple sclerosis. In the third sensitivity analysis,
we investigated the risk of a multiple sclerosis diagnosis after excluding encephalomyelitis from
any infections and CNS infection as this category includes acute disseminated encephalitis,
which can be difficult to differentiate from multiple sclerosis onset. We were unable to identify
specifically acute disseminated encephalitis (which requires ICD code precision of four digits,
which was not available in our data). Thus, encephalomyelitis diagnoses (ICD-8 or -9 code 323,
ICD-10 code G04) were excluded as they include acute disseminated encephalitis. In the fourth
sensitivity analysis, we excluded individuals who were born after 1987 to examine the influence
of the incomplete national coverage of the Patient Register until 1987 on the association
between any infections and risk of a multiple sclerosis diagnosis. In the fifth sensitivity analysis,
we investigated whether the association between any infections and risk of a multiple sclerosis
diagnosis was confounded by BMI in a subset sample with BMI information available (31.17%
of the population included here). BMI was only available for those included in the Swedish
Military Conscription Register and was largely limited to males. In the sixth sensitivity analysis,
patients with a single multiple sclerosis diagnosis (n = 510) were additionally coded as having
“multiple sclerosis”. In the final sensitivity analysis, the first diagnosis of any demyelinating
disease of the CNS, in addition to multiple sclerosis, including acute disseminated
encephalomyelitis, other demyelinating disease of CNS, other acute disseminated
demyelination, and optic neuritis (ICD-8 or -9 code: 323, 341; ICD-10 code: G04, H46, G36,

G37),3° were used to get closer to the possible onset date of multiple sclerosis. In this analysis,
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those with the first demyelinating diseases of the CNS diagnosed before age 20 years were
excluded from the analysis.

No evidence of violation of the proportional hazards assumption was found using Schoenfeld
residuals. All analyses were conducted using Stata statistical software, version 16 (StataCorp,

College Station, TX).

Data availability
All registers used here are available upon completion and approval of an application for data
release from the Swedish National Board of Health and Welfare, Statistics Sweden and the

Swedish Military Conscription Register.

Results

Sample characteristics

Some 4,022 individuals (0.17%) were diagnosed with multiple sclerosis from age 20 years, at
a mean age of 30.11 years (median age 29.70). The median follow-up time from age 20 years
until the first diagnosis of multiple sclerosis was 9.70 years (interquartile range 8.04 years,
range 0.02-24.88 years). Table 1 shows characteristics of the birth cohort. A total number of
462,157 (19.07%) and 338,352 (13.96%) individuals had hospital-diagnosed infections
between birth and age 10 years and between age 11 and 19 years, respectively. Compared with
males, females were more likely to have a multiple sclerosis diagnosis (hazard ratio [HR] 2.52,
95% confidence interval [CI] 2.35-2.70). Parental socioeconomic position was not statistically

significantly associated with risk of being diagnosed with multiple sclerosis.

Any infection and risk of a multiple sclerosis diagnosis

Compared with no infection from birth to age 10 years, any infection from birth to age 10 years
was not statistically significantly associated with increased risk of a subsequent multiple
sclerosis diagnosis in both unadjusted (HR 0.96, 95% CI 0.88-1.04) and adjusted models (HR
0.99, 95%CI1 0.90-1.08). Whereas, individuals with any infection in adolescence (between ages
11 and 19 years) were at greater risk of being diagnosed with multiple sclerosis in both
unadjusted (HR 1.39, 95%CI 1.26-1.52) and adjusted models (HR 1.33, 95%CI 1.21-1.46),
compared with individuals with no infection in adolescence. The increased risk of a subsequent

multiple sclerosis diagnosis associated with any infection in adolescence remained statistically
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significant after the exclusion of infectious mononucleosis, pneumonia, and CNS infection, HR

1.17, 95%CI 1.06-1.30 (see Fig. 2).

Risk of a multiple sclerosis diagnosis by type and site of infection

Table 2 shows the infections by type and site. For the risk of a multiple sclerosis diagnosis
associated with infection by type and site, infectious mononucleosis in adolescence between
ages 11 and 19 years increased the risk of being diagnosed with multiple sclerosis with
adjustment for pneumonia, sex, and parental socioeconomic position (HR 2.64, 95%CI 2.06-
3.38). CNS, genitourinary, respiratory, bacterial, and viral infection in adolescence also
increased the risk of being diagnosed with multiple sclerosis in the adjusted model, with HRs
ranging from 1.28 to 2.80 (see Table 2). Further adjustment for infectious mononucleosis and
pneumonia did not eliminate the increased risk of a multiple sclerosis diagnosis associated with
CNS infection in adolescence, HR 2.80, 95%CI 1.90-4.12.

The increased risk of being diagnosed with multiple sclerosis associated with respiratory
infection in adolescence was attenuated and became statistically non-significant when
respiratory infection without infectious mononucleosis and pneumonia diagnoses in
adolescence was further compared with no infection with adjustment for sex, parental
socioeconomic position, and CNS infection in adolescence, HR 1.22, 95%CI 0.99-1.49.
Similarly, compared with no viral infection, viral infection excluding infectious mononucleosis
in adolescence did not statistically significantly increase the risk of being diagnosed with a
subsequent multiple sclerosis in both unadjusted, HR 1.18, 95%CI 0.96-1.44, and adjusted
models, HR 1.14, 95%CI 0.93-1.40 (see Fig. 3). The increased risk of being diagnosed with
multiple sclerosis associated with bacterial infection in adolescence remained statistically
significant when individuals with bacterial infection but without CNS infection, infectious
mononucleosis, and pneumonia diagnoses was compared with those without bacterial infection
in both unadjusted, HR 1.46, 95%CI 1.26-1.69, and adjusted models, HR 1.31, 95%CI 1.13-
1.51 (see Fig. 4).

Sensitivity analyses

Sensitivity analysis-1 found similar HR associated with any infections or infection by site and
type when stratified by sex (data not shown). Restricting multiple sclerosis diagnoses to the
first from age 25 years in sensitivity analysis-2 showed that genitourinary infection in

adolescence may be a consequence of prodromal multiple sclerosis since the association was

ScholarOne, 375 Greenbrier Drive, Charlottesville, VA, 22901 Support (434) 964 4100

1202 ABIN 0 UO Josn AieiqiT JeInysul BYsuIose AQ 796791 9/00 L GEME/UIBIG/EE0 | 0L /I0P/d[IE-9OUBADE/UIEIG/ULI0D dNO DILSPEDE//:SA)Y WO} POPEOJUMOQ



attenuated and not statistically significant in the adjusted model (HR 1.30, 95%CI 0.84-2.02).
However, the increased risk of being diagnosed with multiple sclerosis associated with CNS,
respiratory, bacterial, and viral infection in adolescence remained statistically significant,
although decreased in magnitude, with HRs ranging from 1.24 to 2.16 (see Table 3). Sensitivity
analysis-3 found that individuals with CNS infection excluding encephalomyelitis in
adolescence were still at greater risk of being diagnosed with multiple sclerosis in the adjusted
model, HR 1.85, 95%CI 1.11-3.07. Sensitivity analysis-3 also revealed that there were no
substantial differences in HR between analyses including and excluding encephalomyelitis
from the definition of any infections (see Supplemental Fig. 1). Sensitivity analysis-4 found no
substantial differences in HR between analyses excluding and including individuals who were
born after 1987 (data not shown). Sensitivity analysis-5 of a subset population with measured
BMI available found that individuals with any infections in adolescence remained at statistically
significantly greater risk of being diagnosed with multiple sclerosis after adjusting for BMI,
sex, any infections by age 10 years, and parental socioeconomic position (HR 1.40, 95%CI
1.14-1.72). Sensitivity analysis-6 found no substantial differences in HRs between the analysis
defining patients with a single multiple sclerosis diagnosis as “no multiple sclerosis” and the
analysis defining patients with a single multiple sclerosis diagnosis as having “multiple
sclerosis” (data not shown). Sensitivity analysis-7 found no substantial differences in HR for
risk of a multiple sclerosis diagnosis associated with any infection in adolescence between the
analysis defining onset using the first diagnosis of multiple sclerosis and the analysis defining
onset using the first diagnosis of any demyelinating disease if prior to the first multiple sclerosis
diagnosis (HR 1.39, 95%CI 1.30-1.50 and HR 1.34, 95%CI 1.23-1.47 for analysis defining
onset using the first demyelinating diseases of the CNS diagnosed from age 20 and 25 years,

respectively).

Discussion

Any hospital-treated infections in adolescence rather than in earlier childhood increased the risk
of a multiple sclerosis diagnosis from age 20 years, though the effect size was small (HR 1.33)
as not all types of infection are associated with a subsequent multiple sclerosis diagnosis
(possibly other unmeasured characteristics of infections, such as severity/duration or repeated
exposure, may also be important). This association remained statistically significant among

individuals with infection but without infectious mononucleosis, pneumonia, and CNS
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infection (HR 1.17). Further evidence of an association between CNS infection and a
subsequent raised risk of a multiple sclerosis diagnosis was observed (HR 1.85) and this may
be a conservative estimate as we had to exclude encephalomyelitis diagnoses. Individuals with
bacterial infections but without infectious mononucleosis, pneumonia, and CNS infection
remained at greater risk of a multiple sclerosis diagnosis. However, unlike CNS, respiratory,
viral, and bacterial infections, the association with genitourinary infection in adolescence was
attenuated notably when those with multiple sclerosis-onset by age 25 years were excluded.
This might suggest that early-onset multiple sclerosis, or prodromal disease activity increases
genitourinary infection risk, although such infections tend to occur later in the multiple sclerosis
disease course. The threshold for exposure to infections before age 20 years, might potentially
underestimate genitourinary and related infections associated with first sexual activity, although

the median age of first sexual intercourse in Sweden has been estimated at 17 years.?!

Recently, we published research on a similar topic, but exclusively examined if pneumonia
before age 20 years represented an increased risk for a subsequent multiple sclerosis diagnosis
using a Swedish register-based case-control study (n=55,588).!% The earlier study considered
IM as a potential confounding factor, while using genitourinary infection as a control condition
to identify potential reverse causation. The current cohort study has greater statistical power to
investigate rarer types of infection due to a substantially larger number of individuals and had
the aim of assessing if a more comprehensive variety of types of infection (by type, site and
whether viral or bacterial) are associated with a raised risk of a subsequent MS diagnosis
independently of each other. The previous study found that pneumonia in adolescence was
associated with an increased risk of a multiple sclerosis diagnosis, ' so we used this information
to inform the design of the current study, with an analysis excluding people who had pneumonia
(along with other types of infection previously associated with raised multiple sclerosis risk) to
provide further evidence that associations with multiple sclerosis are not explained through

confounding by the excluded infections.

Associations of infections with multiple sclerosis

Infections are often the consequence of multiple sclerosis,?' but to tackle this problem we
considered only infections between before age 20 years and performed a sensitivity analysis
limiting age of first multiple sclerosis diagnosis to over age 25 years, so that there is a delay of
at least five years between exposure and multiple sclerosis diagnosis. This approach tackles the

possibility of reverse causation such that health-related behavioural changes, mental health
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burden, and physical manifestations of preclinical multiple sclerosis during the prodromal
period.?’ In addition, although we have not identified infections at the molecular level, we have
been able to effectively capture all prospective infections of sufficient severity to result in a
hospital diagnosis up to age 19 years and proceeding a multiple sclerosis diagnosis.

The association we found between infections in adolescence and increased risk of a
subsequent multiple sclerosis diagnosis was not only explained by infections previously linked
with multiple sclerosis risk: infectious mononucleosis and pneumonia, nor due to CNS infection,
which although not having been previously investigated as a risk factor for multiple sclerosis
(to our knowledge), could plausibly affect later multiple sclerosis risk as indicated by this study.
Thus, other types and sites of infection in adolescence were also risk factors increasing the
likelihood of a subsequent multiple sclerosis diagnosis. Bacterial infections other than
pneumonia could be of interest as individuals with a bacterial infection but without infectious
mononucleosis, pneumonia, or CNS infection were at greater risk of being diagnosed with
multiple sclerosis, though the magnitude of the HR reduced after excluding these diagnoses.
Studies of bacterial DNA in cerebrospinal fluid of multiple sclerosis patients have had mixed
results, with some studies unable to detect bacteria such as Mycobacteria, spirochetes,
Campylobacter, Bartonella, and Streptococcus,*? but others have been able to identify bacteria
causing pneumonia such as Chlamydia pneumonia.'> Possible explanations for the variability
of results could be differences in screening systems targeting antigens, small sample sizes, or
cross-sectional study designs.? Viral infections excluding infectious mononucleosis were not
found to be a risk factor for a multiple sclerosis diagnosis, as the observed increased risk was
reduced and statistically nonsignificant after exclusion of patients with infectious
mononucleosis. Indeed, studies of associations between multiple sclerosis and other virus
infections, including Human Endogenous Retroviruses (HERV), measles virus, and rubella
virus, have produced mixed evidence,’3? possibly due to the clearance of viral nucleic acids by
the time of multiple sclerosis diagnosis, leading to difficulty in establishing a virus as a cause
of multiple sclerosis.’* Our combined results suggest that multiple infectious pathogens rather
than a single pathogen contribute to risk of a multiple sclerosis diagnosis.** However, the
current study did not consider whether multiple infectious pathogens act independently or
interact with each other (an additive or multiplicative effect).

Our results also suggest that adolescence rather than earlier childhood seems to be a period
of susceptibility to infections exposures relevant to multiple sclerosis diagnosis. Such an age-
specific pattern is consistent with prior studies on other environmental risk factors, including

concussion,!” vitamin D, '3 and higher BMI.!? Other periods may be relevant for some exposures,
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as high level of sun exposures in childhood was inversely associated with multiple sclerosis

risk, whereas smoking in adulthood is associated with increased multiple sclerosis risk.

Possible mechanisms involved in multiple sclerosis susceptibility

Infections in adolescence as factors increasing the risk of a multiple sclerosis diagnosis could
be partially explained by their possible involvement in damage to the CNS triggering
autoimmune processes pertinent for multiple sclerosis pathogenesis. The magnitude of the
association between CNS infection in adolescence and risk of a subsequent multiple sclerosis
diagnosis was greater than respiratory, bacterial, and viral infections, but similar to infectious
mononucleosis. Reverse causation is unlikely as CNS infection in adolescence was consistently
associated with increased risk of a multiple sclerosis diagnosis when we restricted to multiple
sclerosis diagnoses from age 25 years. The magnitude of the estimate is likely to be conservative
as we had to exclude all diagnoses associated with ICD-8 or -9 code 323 and ICD-10 code G04,
to ensure exclusion of acute disseminated encephalitis which can be difficult to differentiate
from multiple sclerosis onset. Inflammation in the CNS caused by autoreactive T-cells due to
possible molecular mimicry between the infectious pathogens and an individual’s myelin
antigens may be another possible mechanism. For example, three EBV proteins, Epstein-Barr
nuclear antigen-1 (EBNA-1), the tegument protein BRRF2, and the small capsid protein
(BFRF3), share epitopes with myelin basic proteins (e.g., septin-9).3>3¢ Antibodies to the
EBNA-1, BRRF2, and BFRF3 cross-reacted with myelin antigens which causes recurrent
autoimmune damage in the CNS.333¢ Antibodies to EBNA-1 can also cross-react with the
chloride-channel protein Anoctamin 2 (ANO2) which increases multiple sclerosis risk.3” Indeed,
the presence of anti-EBNA-1 IgG and anti-VCA IgG antibodies has been shown to be
significantly higher among multiple sclerosis patients compared with controls,” and increased
CD4+ and CD8+ T cell responses to EBNA-1 in multiple sclerosis patients compared with
controls have been identified.?® It is also possible that autoreactive T-cells trigged by infectious
pathogens could be programmed to gain a migratory profile, cross the blood-brain barrier, and
cause inflammation in the CNS.!® For example, pneumonia caused by Streptococcus
pneumoniae can induce interleukin-17 (IL-17) production and T-helper type 17 (Thl7)
responses,’® which can infiltrate the CNS,3° consistent with the association of pneumonia in

adolescence with subsequent multiple sclerosis risk that we reported previously. '

Strengths and limitations
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Strengths of the present study include the use of a large general population-based birth cohort
to identify somewhat infrequent events with high statistical power. Unlike prior cross-sectional
serology studies, infection in adolescence and earlier childhood were measured prospectively.
We also included a sensitivity analysis using multiple sclerosis diagnoses from age 25 years,
which further reduced the likelihood of reverse causation between infection in adolescence and
risk of a subsequent multiple sclerosis diagnosis. The range of infections included in the current
study was not limited to previously identified risk factors for multiple sclerosis (such as
infectious mononucleosis and pneumonia),'* which help us to identify further potential
infectious risk factors for a multiple sclerosis diagnosis. Finally, we examined infection at two
theoretically relevant developmental stages (adolescence and earlier childhood) to assess
potential periods of susceptibility for risk of a multiple sclerosis diagnosis associated with
infection.

This study also has some potential limitations. The number of infections in adolescence and
earlier childhood may be underestimated as infections diagnosed and treated in primary care/
general practice could not be included and hospital-based outpatient register data were not
available until 2001, but we have identified the more serious infections diagnosed and treated
in hospital. Further, the Swedish National Patient Register did not achieve complete national
coverage for inpatient registrations until 1987. Thus, some infection diagnoses may be missing,
especially for these who were born before 1987, but our sensitivity analysis found no substantial
differences in HRs between analyses excluding and including individuals who were born after
1987. The ICD codes used in our data had three-digit precision, which made it impossible to
specifically identify certain diagnoses (we had to exclude all encephalomyelitis for the
sensitivity analysis, to ensure we excluded acute disseminated encephalitis). As serious
infections during adolescence are not common, and because of the age structure of the cohort,
we were unable to examine the risk of a multiple sclerosis diagnosis from 30 years associated
with infections by type and site due to relatively short follow-up into adulthood and insufficient
statistical power. We were also unable to examine the risk of a multiple sclerosis diagnosis
associated with specific types of CNS infection due to small numbers of patients with multiple
sclerosis and earlier CNS infections (for example, only 555 patients have encephalitis diagnoses
in adolescence and only one of them have multiple sclerosis diagnosis).

We did not have information on the first symptomatic onset of multiple sclerosis, so we could
not assess multiple sclerosis risk earlier than the first multiple sclerosis diagnosis and excluded
individuals with a diagnosis of multiple sclerosis before age 20 years. However, when the first

demyelinating disease of the CNS of any type was used to defined possible onset of multiple
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sclerosis, the associations were little changed. Only 56 patients with a multiple sclerosis
diagnosis from age 20 had a demyelinating disease of the CNS before age 20 years. When these
individuals were excluded from the analysis, the HR for risk of a multiple sclerosis diagnosis
associated with any infection in adolescence reduced only slightly in magnitude (HR 1.30
95%CI 1.18-1.43). There were also no substantial differences in HR for risk of a multiple
sclerosis diagnosis associated with any infection in adolescence between the analysis using the
first multiple sclerosis diagnosis from age 20 years and the analysis using the first diagnosis of
any demyelinating disease of the CNS from age 20 years to identify possible onset of multiple
sclerosis. The measure of multiple sclerosis onset by the first demyelinating disease of the CNS
may not identify the true onset of multiple sclerosis pathogenesis, as it may be initially
asymptomatic or with non-specific symptoms, indicating the difficulty of identifying onset with
absolute certainty in the majority of patients. The sensitivity analysis for multiple sclerosis
diagnosis from age 25 years found consistent associations for all of the infections (except for
infections of the urogenital tract), which reduces the likelihood of reverse causation. We could
not control for some potential confounding factors as data were not available for everyone in
this cohort, including prescribed medication, smoking, BMI, HLA type, and vitamin D. We
examined infection before age 20 years and most people tend to start smoking more heavily at
a later age, so smoking is unlikely to be a major confounding factor. BMI before age 20 was
only available for those included in the Swedish Military Conscription Register (31.17% of the
population were included here and mainly men). Sensitivity analysis of this subset population
revealed that infections in adolescence remained a statistically significantly factor for increased
risk of a subsequent multiple sclerosis diagnosis after adjusting for BMI, sex, infections in
earlier childhood, and parental socioeconomic position. Thus, the association between infection
in adolescence and increased risk of a multiple sclerosis diagnosis appears robust and
independent of BMI. It remains possible that that other characteristics or exposures (such as
prescribed medication, vitamin D, or HLA type) may potentially increase both the risk of
infections and a multiple sclerosis diagnosis, and this may vary by infection type, although we
might expect to see associations with infections before age 11 years if other factors that persist

across the life-course explain the association with infections in adolescence.
Conclusion

In conclusion, this study provides further evidence that adolescence, but not earlier childhood,

is a period of raised susceptibility to exposures associated with subsequent increased risk of
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being diagnosed with multiple sclerosis. This increased risk is associated with various
infections, but not all types and sites. Importantly, these associations cannot be entirely
explained by previously described infectious risk factors, infectious mononucleosis or

pneumonia, nor by the raised risk associated with CNS infections described here.
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Figure legends
Figure 1 Flow diagram of participant selection.
Temporary duplicates are due to the assignment of a previously deceased person's personal

identification number to some immigrants to Sweden.

Figure 2 Hazard ratio and 95% confidence interval for risk of a multiple sclerosis diagnosis
associated with any infections stratified by age period and models.

Abbreviations: IM = infectious mononucleosis; CI = confidence interval.

Hazard ratios are from the three-step multivariable regression with infectious mononucleosis
(step 1), pneumonia (step 2), and CNS infection (step 3) was excluded from the definition of
infection. All models included measures of any infections from birth to age 10 years and 11 to
19 years, with adjustment for sex and parental socioeconomic position. Having no infection

was the reference group.

Figure 3 Hazard ratio and 95% confidence interval for risk of a multiple sclerosis diagnosis
associated with viral infection stratified by age period and models.

Abbreviations: IM = infectious mononucleosis; CI = confidence interval.

Hazard ratios are from the three-step multivariable regression with exclusion of: infectious
mononucleosis (step 1), pneumonia (step 2), and CNS infection (step 3). All models included
measures of viral infection from birth to age 10 years and 11 to 19 years, with adjustment for

sex and parental socioeconomic position. Having no viral infection was the reference group.

Figure 4 Hazard ratio and 95% confidence interval for risk of a multiple sclerosis diagnosis
associated with bacterial infection stratified by age period and models.

Abbreviations: IM = infectious mononucleosis; CI = confidence interval.

Hazard ratios are from the three-step multivariable regression with exclusion of: infectious
mononucleosis (step 1), pneumonia (step 2), and CNS infection (step 3). All models included
measures of bacterial infection from birth to age 10 years and 11 to 19 years, with adjustment

for sex and parental socioeconomic position. Having no bacterial infection was the reference

group.

ScholarOne, 375 Greenbrier Drive, Charlottesville, VA, 22901 Support (434) 964 4100

1202 ABIN 0 UO Josn AieiqiT JeInysul BYsuIose AQ 796791 9/00 L GEME/UIBIG/EE0 | 0L /I0P/d[IE-9OUBADE/UIEIG/ULI0D dNO DILSPEDE//:SA)Y WO} POPEOJUMOQ



Table 1 Characteristics of the birth cohort stratified by multiple sclerosis and hazard ratios for risk of a multiple sclerosis diagnosis

No multiple sclerosis, 77 (%)
(n=2418947)

With multiple sclerosis, 77 (%)
(n = 4022)

Unadjusted HR®
(95%C0)

Any infections, birth to age 10 years

No

1957 383 (80.92)

3429 (85.26)

1 (reference)

Yes

461 564 (19.08)

593 (14.74)

0.96 (0.88, 1.04)

Any infections, age 11-19 years

No

2081 114 (86.03)

3503 (87.10)

1 (reference)

Yes

337833 (13.97)

519 (12.90)

139 (1.26, 1.52)

Infectious mononucleosis, birth to age 10 years

No

2 414 580 (99.82)

4010 (99.70)

1 (reference)

Yes

4367 (0.18)

12 (0.30)

1.72 (0.98, 3.03)

Infectious mononucleosis, age 11-19 years

No

2400 384 (99.23)

3958 (98.41)

1 (reference)

Yes

18 563 (0.77)

64 (1.59)

2.80 (2.19, 3.59)

Pneumonia, birth to age 10 years

No

2360 373 (97.58)

3956 (98.36)

1 (reference)

Yes

58 574 (2.42)

66 (1.64)

0.86 (0.67, 1.10)

Pneumonia, age 11-19 years

No 2403 185 (99.35) 3995 (99.33) 1 (reference)

Yes 15762 (0.65) 27 (0.67) 1.45(0.99, 2.11)
Sex

Male 1243 773 (51.42) 1197 (29.76) 1 (reference)

Female 1175174 (48.58) 2825 (70.24) 2.52 (2.35, 2.70)

Parental socioeconomic position

High

838 893 (34.68)

1277 (31.75)

1 (reference)

Intermediate

410593 (16.97)

663 (16.48)

1.06 (0.96, 1.16)

Low

1169 461 (48.35)

2082 (51.77)

1.01 (0.94, 1.08)

Follow-up time (years), median (interquartile range)

9.70 (8.04)

11.38 (13.34)

HR = hazard ratio; CI = confidence interval.

2Unadjusted survival analysis where the association between each variable in the table (excluding the median follow-up time) and risk of a multiple sclerosis diagnosis was examined separately.

ScholarOne, 375 Greenbrier Drive, Charlottesville, VA, 22901 Support (434) 964 4100

1202 AelN #0 U0 Josn AleiqiT JeInisu| exsulioiey] Ad y961919/00 L GEME/UIBIG/EE0 L 0 L/I0P/S[OIHE-80UBAPE/UIBIG/WOS dNO"DIWSPEOE//:SRY WO} POPEOjUMO]



Table 2 Infections by type and site and hazard ratios for risk of @ multiple sclerosis diagnosis

No multiple sclerosis 77 (%

With multiple sclerosis, 7 (%

Unadjusted HR?

Adjusted HRb

Adjusted HR®

yes) yes) (95%CD) (95%CT) (95%C0)
(n=2418947) (n = 4022)
CNS, birth to age 10 years 11 760 (0.49) 26 (0.65) 1.36 (0.93, 2.00) 147 (1.00, 2.16)
CNS, age 11-19 years 5492 (0.23) 26 (0.65) 2.85 (1.94, 4.20) 2.80(1.90,4.12)
Gastrointestinal, birth to age 10 years 127 406 (5.27) 198 (4.92) 1.05(0.91, 1.22) 1.08 (0.93,1.24) 1.07 (0.93,1.24)
Gastrointestinal, age 11-19 years 84 406 (3.49) 156 (3.88) 1.11 (0.95, 1.30) 1.10(0.94,1.29 1.09 (0.93,1.28)
Genitourinary, birth to age 10 years 20 220 (0.84) 28 (0.70) 1.15(0.79, 1.66) 0.93 (0.64, 1.36)
Genitourinary, age 11-19 years 16 322 (0.67) 33(0.82) 2.03 (1.44, 2.86) 1.46 (1.03, 2.06)
Respiratory, birth to age 10 years 229 060 (9.47) 260 (6.46) 0.88 (0.78, 1.00) 0.93 (0.82, 1.06)
Respiratory, age 11-19 years 114 286 (4.72) 190 (4.72) 1.59 (1.37, 1.84) 1.51(1.30,1.75)
Skin, birth to age 10 years 33135 (1.37) 35(0.87) 0.72 (0.52, 1.00) 0.74 (0.53,1.03)
Skin, age 11-19 years 43024 (1.78) 34 (0.85) 1.07 (0.76, 1.50) 1.00 (0.71, 1.40)
Bacterial, birth to age 10 years 174728 (7.22) 199 (4.95) 0.94 (0.82, 1.09) 0.95 (0.82, 1.10)
Bacterial, age 11-19 years 137209 (5.67) 216 (5.37) 1.52 (1.32,1.74) 1.28 (1.11,1.47)
Viral, birth to age 10 years 224 239 (9.27) 251 (6.24) 0.89 (0.79, 1.01) 0.95 (0.84, 1.09)
Viral, age 11-19 years 115293 (4.77) 162 (4.03) 1.53(1.31,1.79) 138(1.17,1.62)
Other, birth to age 10 years 11 795 (0.49) 4(0.10) 0.46 (0.17,1.22) 0.47 (0.18, 1.25) 0.47 (0.17,1.24)
Other, age 11-19 years 30871 (1.28) 26 (0.65) 143 (0.97, 2.10) 1.13(0.76, 1.66) 1.04 (0.71, 1.54)

HR = hazard ratio; CI = confidence interval.

aUnadjusted survival analysis where the association between each variable in the table and risk of a multiple sclerosis diagnosis was examined separately. For each infection by type and site, no such specific infection was the

reference group.

5This model included measures of CNS, gastrointestinal, genitourinary, respiratory, skin, and the category 'other infections’ at ages 0-10 years and 11-19 years, with adjustment for sex and parental socioeconomic position.

For each infection by type and site, no such specific infection was the reference group.

This model included measures of gastrointestinal, bacterial, viral, and the category ‘other infections’ at ages 0-10 and 11-19 years, with adjustment for sex and parental socioeconomic position. For each infection by type

and site, no such specific infection was the reference group.
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Table 3 Sensitivity analysis-2 with multiple sclerosis diagnosis from age 25 years

No multiple sclerosis, 7 (%)
(n=1832801)

With multiple sclerosis, 7
(%)
(n =3221)

Unadjusted HR?
(95%CI)

Adjusted HRP
(95%CT)

Adjusted HR®
(95%CI)

CNS, age 11-19 years

No

1828767 (99.78)

3205 (99.50)

1 (reference)

1 (reference)

Yes

4034 (0.22)

16 (0.50)

2.18(1.33,3.56)

2.16 (1.32,3.53)

Genitourinary, age 11-19 years

No

1823 095 (99.47)

3201 (99.38)

1 (reference)

1 (reference)

Yes

9706 (0.53)

20 (0.62)

1.74 (112, 2.71)

1.30 (0.84, 2.02)

Respiratory, age 11-19 years

No

1765 645 (96.34)

3087 (95.84)

1 (reference)

1 (reference)

Yes

67 156 (3.66)

134 (4.16)

1.54 (1.30, 1.83)

1.49(1.25,1.77)

Bacterial, age 11-19 years

No

1751 221 (95.55)

3069 (95.28)

1 (reference)

1 (reference)

Yes

81 580 (4.45)

152 (4.72)

147 (1.25,1.73)

1.24 (1.04, 1.47)

Viral, age 11-19 years

No

1771 591 (96.66)

3098 (96.18)

1 (reference)

1 (reference)

Yes

61 210 (3.34)

123 3.82)

1.66 (1.39, 1.99)

1.53(1.27,1.85)

HR = hazard ratio; CI = confidence interval.

Only infections significantly associated with increased risk of a multiple sclerosis diagnosis from age 20 years (in Table 2) were reported here.

aUnadjusted survival analysis where the association between each variable in the table and risk of a multiple sclerosis diagnosis was examined separately. For each infection by type and site, no such specific infection was the

reference group.

®This model included measures of CNS, gastrointestinal, genitourinary, respiratory, skin, and the category ‘other infections’ at ages 0-10 years and 11-19 years, with adjustment for sex and parental socioeconomic position.

This model included measures of gastrointestinal, bacterial, viral, and the category 'other infections’ at ages 0-10 and 11-19 years, with adjustment for sex and parental socioeconomic position.
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Infection type

Hazard ratio (95%CI)

Age 11-19 years Any infections [
Any infections excluding IM e
Any infections excluding IM and pneumonia (= !
Auny infections excluding IM, pneumonia, and CNS infection | e
Birth to age 10 years Any infections HeH
Any infections excluding IM - e
Any i i luding IM and pr ia -
Any infections excluding IM, pneumonia, and CNS infection - . : (o ml : .
0.00 050 1.00 1.50  2.00
Hazard ratio

370x199mm (96 x 96 DPI)

1.33 (1.21, 1.46)

1.24(1.12, 1.37)

1.22(1.11, 1.35)

1.17(1.06, 1.30)

0.99 (0.90, 1.08)

0.98 (0.90. 1.07)

0.99 (0.90, 1.08)

0.97(0.88, 1.07)
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Infection type

Hazard ratio (95%CI)

Age 11-19 years Viral infection —e— 1.48(1.26, 1.73)
Viral infection without IM H—e— 1.14 (0,93, 1.40)

Viral infection without IM and pneumonia | H—— 1.13(0.92, 1.39)

Viral infection without IM, pneumonia, and CNS infection —e— 1.05(0.84, 1.31)

0.95(0.84, 1.08)

0.94 (0.82, 1.07)

0.96 (0.84, 1.10)

0.96 (0.83, 1.10)

Birth to age 10 years Viral infection e
Viral infection without IM - (= ul
Viral infection without IM and pneumonia [ ]
Viral infection without IM, pneumonia, and CNS infection - e
T T T T
0.00 050 1.00 1.50  2.00
Hazard ratio

370x199mm (96 x 96 DPI)
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Infection type

Age 11-19 years Bacterial infection - e
Bacterial infection without IM - —e—
Bacterial infection without IM and pneumonia — e
Bacterial infection without IM., pneumonia, and CNS infection - e
Birth to age 10 years Bacterial infection - (o]

Bacterial infection without IM - (o]
Bacterial infection without IM and pneumonia - e
Bacterial infection without IM, pneumonia, and CNS infection - e

Hazard ratio (95%CI)

T T
000 050 100 150

Hazard ratio

370x199mm (96 x 96 DPI)

T
2.00

1.37(1.19, 1.57)

1.33 (1.16, 1.53)

1.33 (115, 1.54)

L31(L13, 1.51)

0.95(0.83, 1.10)

0.95(0.83, 1.10)

0.97(0.84, 1.13)

0.95(0.82, L.11)
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Infection type Hazard ratio (95%6CT)

Age 11-19 years Any infections - 8 1.33(1.21. L.46)
Any infections excluding IM — —a— 1.24(1.12, 1.37)

Any infections excluding IM and pneumonia ] 1.22(1.11. 1.35)

Any infections excluding IM. pneumonia. and CNS infection - = 117 (1.06, 1.30)

Birth to age 10 years Any infections - 0.99 (0.90, 1.08)
Any infections excluding IM - 0.98 (0.90, 1.07)

Any infections excluding IM and pneumonia - 0.99(0.90, 1.08)

Any infections excluding IM. pneumonia. and CNS infection 0.97 (0.88. 1.07)

T T T T

T
0.00 0.50 1.00 1.50 2.00

Hazard ratio

Hazard ratio and 95% confidence interval for risk of a multiple sclerosis diagnosis associated with any
infections stratified by age period and models.

361x180mm (72 x 72 DPI)
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STROBE statement: Reporting guidelines checklist for cohort, case-control and cross-sectional studies

was found

SECTION ITEM CHECKLIST ITEM REPORTED ON
NUMBER PAGE NUMBER:
TITLE AND ABSTRACT
1a Indicate the study’s design with a commonly used term in the title or the abstract 2
1b Provide in the abstract an informative and balanced summary of what was done and what 2

Background and objectives 2 Explain the scientific background and rationale for the investigation being reported 4-5
3 State specific objectives, including any pre-specified hypotheses 6
METHODS
Study design 4 Present key elements of study design early in the paper 6-7
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, 6-7
exposure, follow-up, and data collection
Participants 6a Cohort study—Give the eligibility criteria, and the sources and methods of selection of 6-7
participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods of case
ascertainment and control selection. Give the rationale for the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection
of participants
6b Cohort study—For matched studies, give matching criteria and number of exposed and Non-applicable
unexposed
Case-control study—For matched studies, give matching criteria and the number of controls
per case
Variables
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect 7-8
modifiers. Give diagnostic criteria, if applicable
Data sources/measurements | 8* For each variable of interest, give sources of data and details of methods of assessment 7-8
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SECTION ITEM CHECKLIST ITEM REPORTED ON
NUMBER PAGE NUMBER:
(measurement). Describe comparability of assessment methods if there is more than one
group.
Bias 9 Describe any efforts to address potential sources of bias. 8-10
Study size 10 Explain how the study size was arrived at 6-7, figurel
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which | 7-10
groupings were chosen and why.
Statistical methods 12a Describe all statistical methods, including those used to control for confounding 8-10
12b Describe any methods used to examine subgroups and interactions 9
12c Explain how missing data were addressed 6-7, figurel
12d Cohort study—If applicable, explain how loss to follow-up was addressed 8
Case-control study—If applicable, explain how matching of cases and controls was addressed
Cross-sectional study—If applicable, describe analytical methods taking account of sampling
strategy
12e Describe any sensitivity analyses 9-10
RESULTS
Participants 13a Report numbers of individuals at each stage of study—eg numbers potentially eligible, 6-7, figurel
examined for eligibility, confirmed eligible, included in the study, completing follow-up, and
analysed
13b Give reasons for non-participation at each stage Non-applicable
13c Consider use of a flow diagram 7, figure 1
Descriptive Data 14a Give characteristics of study participants (eg demographic, clinical, social) and information on | 10
exposures and potential confounders
14b Indicate number of participants with missing data for each variable of interest 6-7, figurel
1l4c Cohort study—Summarise follow-up time (eg, average and total amount) 10
Outcome Data 15%* Cohort study—Report numbers of outcome events or summary measures over time 10

Case-control study—Report numbers in each exposure category, or summary measures of
exposure
Cross-sectional study—Report numbers of outcome events or summary measures
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SECTION ITEM CHECKLIST ITEM REPORTED ON
NUMBER PAGE NUMBER:
Main Results 16a Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 10-11
precision (e.g. 95% confidence interval). Make clear which confounders were adjusted for
and why they were included
16b Report category boundaries when continuous variables were categorized Non-applicable
16c If relevant, consider translating estimates of relative risk into absolute risk for a meaningful Non-applicable
time period
16d Report results of any adjustments for multiple comparisons Non-applicable
Other Analyses 17a Report other analyses done—e.g. analyses of subgroups and interactions, and sensitivity 11
analyses
17b If numerous genetic exposures (genetic variants) were examined, summarize results from all | Non-applicable
analyses undertaken
17c If detailed results are available elsewhere, state how they can be accessed Non-applicable
DISCUSSION
Key Results 18 Summarise key results with reference to study objectives 12-13
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. 16-17
Discuss both direction and magnitude of any potential bias
Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 13-17
multiplicity of analyses, results from similar studies, and other relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the study results 15
Other information
FUNDING
22 Give the source of funding and the role of the funders for the present study and, if applicable, | 17
for the original study on which the present article is based

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-
sectional studies.
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Xu et al. show that a variety of serious infections in adolescence — not limited to infectious
mononucleosis, pneumonia and CNS infections — are associated with increased risk of a

subsequent multiple sclerosis diagnosis.
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