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Background: Infections, early life exposures and the microbiome have been associated with the aetiol-
ogy of multiple sclerosis (MS). Data on any possible roles of antibiotics is scarce and conflicting.
Objective: The objective of this study was to investigate associations between outpatient systemic anti-
biotic exposure and the risk of MS in a nationwide case-control setting.

Methods: Patients with MS were identified from the nation MS registry and their exposure to antibiot-
ics was compared with that of persons without MS, provided by the national census authority. Antibiotic
exposure was investigated using the national prescription database and analyzed by Anatomical Therapeutic

Chemical (ATC) category.

Results: Among the 1830 patients with MS and 12765 control persons, there were no associations between
exposure to antibiotics in childhood (5-9 years) or adolescence (10—19 years) and the subsequent risk of
MS. There was also no association between antibiotic exposure 1-6 years before disease onset and the risk
of MS, save for exposure to fluoroquinolones in women (odds ratio: 1.28; 95% confidence interval: 1.03,
1.60; p=0.028) which is probably associated with the increased infection burden in the MS prodrome.
Conclusion:: Use of systemic prescription antibiotics was not associated with subsequent MS risk.
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Introduction

Multiple sclerosis (MS) is caused by chronic dysregu-
lation of immune homeostasis that results from com-
plex interactions between genetic and environmental
factors with an infection by the Epstein-Barr virus
(EBV) almost a sine qua non.!? Other infections have
also been reported to increase MS risk.>> However, it
is unclear whether the drugs used to fight infections
might also play a role. For example, many antibiotics
disrupt the gut microbiota, which has crucial interac-
tions with the human immune system and has been
associated with MS.¢ The few studies investigating
associations between exposure to antibiotic and the
risk of MS have mostly reported small cohorts, short
observation periods and conflicting results.”

Studies on MS risk associated with migration have
shown that exposures early in life are of paramount
importance.'%13 It appears that there is no clear age
cutoff for these and migration in adulthood also

increases the risk, but there is a clear inverse correla-
tion with age at migration and MS risk.!>!3 Recent
data on the evolution of the latitudinal gradient of MS
suggest that early life environmental exposures are of
paramount importance.'*

We therefore devised a population-based case-con-
trol study to primarily investigate whether the use of
systemic antibiotics in outpatient care before the
age of 20 years was associated with the risk of MS
in Finland. Considering the results of the recent
Swedish study on hospital-diagnosed infections and
the subsequent risk of MS,3 the risk was also assessed
in subgroups of paediatric and adolescent antibiotic
exposure. Second, considering the recently identi-
fied period of MS prodrome for at least 5 years prior
to the first demyelinating event,!> we compared the
antibiotic exposures of cases and controls during the
6-year period prior to the first MS symptoms of the
patients.
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Table 1. Demographic and disease-related characteristics
of the cohorts.

Patients Controls
(N=1830) (N=12,765)
Sex
Female, % 1279 (69.9%) 8915 (69.8%)
Male, % 551 (30.1%) 3850 (30.2%)
Age at index date (years)
Mean (SD) 40 (13) 40 (13)
Median (Q1, Q3) 38 (30, 48) 38 (30, 48)
Age at MS onset (years)
Mean (SD) 34 (11) N.a.
Median (Q1, Q3) 33 (27,41) N.a.
Missing, % 474 (25.9%) N.a.

N.a.: not applicable; Q: quartile.

Materials and methods

Patients diagnosed with MS in 2016-2020 were iden-
tified from the national MS registry (N=1809) and
from North Karelia central hospital archives (N=36).1°
Seven age-, sex- and home municipality (at the time of
MS diagnosis) matched controls were requested for
every patient from the population registry held by the
Digital and Population Data Services Agency (no con-
trol could be identified for 15 and one to six for 12
patients). The MS registry was used to exclude control
persons who had a previous MS diagnosis (n=39).
The size of the final MS cohort was 1830 persons and
the final control cohort 12765 persons (Table 1).
Systemic antibiotics are available only on prescription
in Finland. All purchase data of these (ATC codes JO1-
JO5) were obtained from the Social Security Institution
of Finland (SSIF) prescription database (data available
only from the year 1995 onwards, excluding exposure
at 0—4years of age from the current analyses).
Paediatric exposure was defined as antibiotic use at
5-9 years of age and adolescent exposure as use at
10—19years of age. Considering the mean age of onset
in MS,!718 a sensitivity analysis was performed using
only patients with MS onset <30years of age.

Statistical methods

Because prescription information was available from
1995 onwards, birth year-based exclusion for child-
hood and adolescence sub-analyses were made to
have bias-free antibiotic exposure frequencies and
odds ratios. Small cell rule (n < 5) was applied for fre-
quency tables to ensure patient anonymity. For MS
onset analyses, patients with missing onset year were
excluded and the index year for controls were changed
as corresponding onset year of the MS patients.

Conditional logistic regression was used to get crude
odds ratios and confidence intervals for antibiotic
ATC groups stratifying models with matched case-
control IDs. Controlling the false discovery rate
(FDR), p values for each sub-analysis in Tables 2 and
3 were adjusted using the Benjamini and Hochberg
method (1995) where smaller p values are penalized
more than higher p values. All analyses were con-
ducted using RStudio (Version 1.4.1103).

Results

Exposure to antibiotics was common both in MS
patients and controls, but there appeared to be differ-
ences in the use of different groups of antibiotics,
especially according to age at exposure (Table 4). At
the age of 5-9 years, exposure to most types of antibi-
otics seemed to have been more common in controls in
both sexes, whereas MS patients had been exposed to
most types of antibiotics slightly more often at the age
of 10—-19years. Antibiotic exposure 1-6years before
MS onset appeared largely similar between patients
and controls (Table 4), although in patients with MS
onset=<<30years of age exposure to all antibacterials
seemed slightly more common in the patients (Table 2).
However, in the regression analyses, the risk of MS
was not associated with exposure to any type of antibi-
otic in childhood or adolescence in either sex (Table 3).
In the 6-year prodromal period before the first MS
symptom, there were no association between exposure
to antibiotics and the subsequent MS risk in men,
whereas in women only exposure to kinolone deriva-
tives associated with an increased MS risk (Table 5).

Discussion

We found no associations between MS and exposure to
prescription antibiotics between 5 and 20 years of age.
Furthermore, in the 6-year period before first MS
symptoms, only women’s use of fluoroquinolones was
associated with MS risk. Fluoroquinolones are recom-
mended in outpatient care primarily for pneumonia and
urinary tract infections (UTI) in Finland. According to
the national Current Care guidelines, the diagnosis of a
lower UTI does not have to be verified with a urine
sample when the symptoms are typical. It is therefore
likely that this association derives from the burden of
infections, especially UTIs, around the time of MS
diagnosis but possibly also from genitourinary symp-
toms associated with the MS prodrome.!'?2° Indeed, it
has been reported that the use of genitourinary and anti-
microbial drugs is more common in the MS prodromal
period compared with controls and that increased inci-
dence of urinary tract disease is associated with the
prodrome in females but not in males.2!22 However,
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Table 2. Exposure to antibiotics by ATC group in multiple sclerosis (MS) patients and controls by sex and age of onset.

Female Male All
Exposure 1-6years before MS ~ MS (n=916) Control MS (n=386) Control MS (N=1302) Control
onset (n=6393) (n=2697) (N=9090)
JO1A (Tetracyclines) 283 (30.9%) 1892 (29.6%) 79 (20.5%) 603 (22.4%) 362 (27.8%) 2495 (27.4%)
JO1C (Penicillin) 563 (61.5%) 3877 (60.6%) 169 (43.8%) 1202 (44.6%) 732 (56.2%) 5079 (55.9%)
JO1D (Other betalactams) 386 (42.1%) 2647 (41.4%) 122 (31.6%) 883 (32.7%) 508 (39.0%) 3530 (38.8%)
JO1E (Sulfonamide and 79 (8.6%) 465 (7.3%) - 52 (1.9%) - 517 (5.7%)
Trimetoprim)
JOIF (Macrolides, 268 (29.3%) 1707 (26.7%) 80 (20.7%) 581 (21.5%) 348 (26.7%) 2288 (25.2%)
lincosamides, and
streptogramines)
JOIM (Kinolone derivates) 104 (11.4%) 582 (9.1%) 22 (5.7%) 190 (7.0%) 126 (9.7%) 772 (8.5%)
J02A (Systemic antifungals) 161 (17.6%) 1051 (16.4%) 8 (2.1%) 86 (3.2%) 169 (13.0%) 1137 (12.5%)
JO5A (Systemic antivirals) 52 (5.7%) 410 (6.4%) 16 (4.1%) 76 (2.8%) 68 (5.2%) 486 (5.3%)
Exposure 1-6 years before MS ~ MS (n=377) Control MS (n=134) Control MS (N=511) Control
onset (onset age < 30) (n=2626) (n=938) (N=3564)
JO1A (Tetracyclines) 109 (28.9%) 693 (26.4%) 26 (19.4%) 167 (17.8%) 135 (26.4%) 860 (24.1%)
JO1C (Penicillin) 247 (65.5%) 1662 (63.3%) 72 (53.7%) 434 (46.3%)  319(62.4%) 2096 (58.8%)
JO1D (Other betalactams) 154 (40.8%) 1048 (39.9%) 50 (37.3%) 288 (30.7%) 204 (39.9%) 1336 (37.5%)
JO1E (Sulfonamide and 35(9.3%) 234 (8.9%) - 18 (1.9%) - 252 (7.1%)
Trimetoprim)
JOIF (Macrolides, 97 (25.7%) 634 (24.1%) 27 (20.1%) 171 (182%) 124 (24.3%) 805 (22.6%)
lincosamides and
streptogramines)
JOIM (Kinolone derivates) 42 (11.1%) 226 (8.6%) 7 (5.2%) 46 (4.9%) 49 (9.6%) 272 (7.6%)
JO2A (Systemic antifungals) 60 (15.9%) 397 (15.1%) - 23 (2.5%) - 420 (11.8%)
JOSA (Systemic antivirals) 15 (4.0%) 133 (5.1%) - 24 (2.6%) - 157 (4.4%)

considering the potential for microbiome disruption
afforded by their wide efficacy spectrum, it cannot be
excluded that fluoroquinolones may play a role in MS
pathogenesis or onset.

Three previous studies have investigated associa-
tions between exposure to antibiotics and the risk of
subsequent MS. The first was a prospective nested
case-control study using the General Practice
Research Database (GPRD) in the United Kingdom
which reported no increased MS risk associated with
overall antibiotic use or use of antibiotics against C.
pneumoniae.” Interestingly, the study also reported a
decreased risk of developing a first attack of MS
associated with the use of penicillins for over 2
weeks in the 3 years before the index date while pen-
icillin use for 8-14days was associated with an
increased MS risk. Fluoroquinolones were not inves-
tigated separately, probably because they are seldom
used for outpatients in the United Kingdom.?
Furthermore, the study included incident cases of

MS recorded in 1993-2000 (N=163), after which
the diagnostic methods for MS have improved con-
siderably.?* It is therefore unclear whether the results
can be still considered relevant. The most recent
study, conducted in Iran in 2013-2015, was slightly
larger (547 incident MS cases) and reported that the
overall use of antibiotics during 3 years before the
index date was associated with a decreased risk of
MS.? The investigators adjusted the analyses for
many currently known MS risk factors (age, sex,
passive smoking, tobacco smoking, socioeconomic
status, paternal education level during participants’
adolescence, years of education sunlight exposure,
and history of depression), but data on the use of
antibiotics was self-reported retrospectively and
therefore prone to recall bias. Compared with our
study, both of these studies were quite small and
their generisability is unclear since the United
Kingdom study only included patients in the GPRD,
which has a very limited national coverage, and the
Iranian study only included patients from Tehran.
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Table 3. Risk of multiple sclerosis associated with the use of different groups (ATC) of antibiotics in childhood (aged

5-9) and adolescence (aged 10-19).

Exposure to antibiotics in

Exposure to antibiotics in

childhood adolescence
OR 95% CI pvalue OR 95% CI p value

Female

JO1A (Tetracyclines) - - - 0.95 [0.74, 1.22] 0.69

JO1C (Penicillin) 0.92 [0.70, 1.20] 0.55 1.17 [0.94, 1.44] 0.16

JO1D (Other betalactams) 0.85 [0.65, 1.12] 0.26 1.06 [0.87, 1.28] 0.56

JO1E (Sulfonamide and Trimetoprim) 0.91 [0.65, 1.27] 0.57 1.16 [0.88, 1.54] 0.29

JO1F (Macrolides, lincosamides and 1.03 [0.80, 1.34] 0.81 1.06 [0.87, 1.29] 0.57
streptogramines)

JOIM (Kinolone derivates) - - - 1.08 [0.72, 1.63] 0.70

JO2A (Systemic antifungals) - - - 1.15 [0.83, 1.58] 0.41

JO5A (Systemic antivirals) - - - 1.55 [0.95,2.53] 0.082
Male

JO1A (Tetracyclines) - - - 1.19 [0.81, 1.75] 0.37

JO1C (Penicillin) 0.71 [0.46, 1.10] 0.13 1.15 [0.82, 1.60] 0.41

JO1D (Other betalactams) 0.87 [0.56,1.37] 0.56 0.99 [0.72, 1.36] 0.94

JO1E (Sulfonamide and Trimetoprim) 1.11 [0.62,1.99] 0.73 1.18 [0.67,2.08] 0.57

JO1F (Macrolides, lincosamides and 0.81 [0.52, 1.28] 0.37 1.13 [0.82, 1.57] 0.46
streptogramines)

JOIM (Kinolone derivates) - - - - - -

JO2A (Systemic antifungals) - - - - - -

JOSA (Systemic antivirals) - - - 1.60 [0.60, 4.26] 0.35

CI: confidence interval; OR: crude odds ratio.

A far larger (3259 MS cases) nationwide case-control
study from Denmark used the Danish Multiple
Sclerosis Registry (disease onset 1996-2008) and the
National Prescription Database (data available for
1995-2008) reported that the use of almost any type
of antibiotic was associated with an increased risk of
MS with different antibiotics showing odds ratios of
1.08-1.83.8 Interestingly, this was lowest for quinolo-
nes with the 95% confidence interval crossing 1 only
for these. This may be associated with the fact that
fluoroquinolones are almost as seldom used for out-
patients in Denmark as in the United Kingdom.?* The
patients who have been prescribed quinolones are
therefore likely to be highly selected. Importantly, the
study defined no specific exposure period save ‘pre-
ceding the date of clinical onset of MS symptoms’ so
the exposure may have happened 1-13 years before
MS onset, obscuring any possible causal relationship
and making a direct comparison to our results impos-
sible. Unfortunately, both the Danish and our study
lacked data on antibiotic dosage and number of treat-
ment days. Nevertheless, the data currently available
do not suggest a clear causal association between
exposure to antibiotics and the subsequent MS risk.

Exposures in early life are clearly important in MS
pathogenesis.!®14 There are no previous data con-
cerning childhood or adolescence exposure to outpa-
tient antibiotics and the subsequent risk of MS. Our
data showed no such association. This is important,
considering the fact that the gut microbiota has been
associated with MS and in children it may be more
malleable to environmental factors compared with
adults.®2 QOur results therefore indicate that, accord-
ing to the currently available data, MS risk is not a
concern when prescribing antibiotics to children and
adolescents. Interestingly, in our data the persons who
subsequently developed MS appeared to have been
exposed to antibiotics less often in childhood but
more often in adolescence compared with controls.
This suggests that the functional maturation of the
immune system during puberty may have changed the
susceptibility to infections treatable with antibiotics
in persons prone to MS — or more severe infection-
related symptoms, thus decreasing the everyday clini-
cal threshold for prescribing.?® These findings are in
line with the recent Swedish data reporting that any
hospital-treated infection in adolescence, rather than
in earlier childhood, increased the risk of a MS diag-
nosis from age 20 years.?
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Table 4. Exposure to antibiotics by ATC group in multiple sclerosis patients and controls by sex, time-period, and age.

Exposure at any time before
MS diagnosis

JO1A (Tetracyclines)
JO1C (Penicillin)

JO1D (Other betalactams)
JO1E (Sulfonamide and
Trimetoprim)

JO1F (Macrolides,
lincosamides and
streptogramines)

JOIM (Kinolone derivates)
JO2A (Systemic antifungals)
JOSA (Systemic antivirals)

Female

Male

All

MS (n=1279)

735 (57.5 %)
1139 (89.1 %)
1030 (80.5 %)
427 (33.4 %)

891 (69.7 %)
345 (27.0 %)

483 (37.8 %)
158 (12.4 %)

Control
(n=8915)

5033 (56.5 %)
7939 (89.1 %)
7077 (79.4 %)
2529 (28.4 %)

6011 (67.4 %)
2091 (23.5 %)

3111 (34.9 %)
1142 (12.8 %)

MS (n=551)

282 (51.2 %)
427 (77.5 %)
399 (72.4 %)
103 (18.7 %)

319 (57.9 %)
114 (20.7 %)

48 (8.7 %)
44 (8.0 %)

Control
(n=3850)
1839 (47.8 %)
3112 (80.8 %)
2798 (72.7 %)
630 (16.4 %)

2252 (58.5 %)
706 (18.3 %)

365 (9.5 %)
260 (6.8 %)

MS (N=1830)

1017 (55.6 %)
1566 (85.6 %)
1429 (78.1 %)
530 (29.0 %)

1210 (66.1 %)
459 (25.1 %)

531 (29.0 %)
202 (11.0 %)

Control
(N=12,765)

6872 (53.8 %)
11051 (86.6 %)

9875 (77.4 %)
3159 (24.7 %)

8263 (64.7 %)
2797 (21.9 %)

3476 (27.2 %)
1402 (11.0 %)

Exposure at 5-9 years of age

MS (n=269)

Control
(n=1876)

MS (n=96)

Control
(n=672)

MS (N=365)

Control
(N=2548)

JO1A (Tetracyclines)
JO1C (Penicillin)

JO1D (Other betalactams)
JO1E (Sulfonamide and
Trimetoprim)

JO1F (Macrolides,
lincosamides and
streptogramines)

JOIM (Kinolone derivates)
JO2A (Systemic antifungals)
JOSA (Systemic antivirals)

172 (63.9 %)
84 (31.2 %)
48 (17.8 %)

114 (42.4 %)

1235 (65.8 %)
653 (34.8 %)
363 (19.3 %)

777 (41.4 %)

58 (60.4 %)
31(32.3 %)
16 (16.7 %)

33 (34.4 %)

459 (68.3 %)
238 (35.4 %)
103 (15.3 %)

263 (39.1 %)

230 (63.0 %)
115 31.5 %)
64 (17.5 %)

147 (40.3 %)

1694 (66.5 %)
891 (35.0 %)
466 (18.3 %)

1040 (40.8 %)

Exposure at 10-19 years of MS (n=477) Control MS (n=174)  Control MS (N=651) Control

age (n=3325) (n=1218) (N=4543)
JO1A (Tetracyclines) 94 (19.7 %) 676 (20.3 %) 38(21.8 %) 231 (19.0 %) 132 (20.3 %) 907 (20.0 %)
JO1C (Penicillin) 335(70.2 %) 2228 (67.0%) 112 (64.4%) 745 (61.2 %) 447 (68.7 %) 2973 (65.4 %)
JO1D (Other betalactams) 232 (48.6 %) 1569 (47.2%) 82 (47.1 %) 578 (47.5 %) 314 (48.2 %) 2147 (47.3 %)
JO1E (Sulfonamide and 66 (13.8 %) 405 (12.2 %) 15 (8.6 %) 90 (7.4 %) 81 (12.4 %) 495 (10.9 %)
Trimetoprim)

JOIF (Macrolides, 185 (38.8 %) 1250 (37.6 %) 69 (39.7 %) 448 (36.8 %) 254 (39.0 %) 1698 (37.4 %)
lincosamides and

streptogramines)

JOIM (Kinolone derivates) 28 (5.9 %) 180 (5.4 %) - 29 (2.4 %) - 209 (4.6 %)
JO2A (Systemic antifungals) 47 (9.9 %) 291 (8.8 %) - 20 (1.6 %) - 311 (6.8 %)
JO5A (Systemic antivirals) 20 (4.2 %) 91 (2.7 %) 5(2.9 %) 22 (1.8 %) 25 (3.8 %) 113 (2.5 %)

This study was based on retrospective registry data
and therefore many data are missing. Most impor-
tantly, we do not have information about the clinical
indications for the prescribed antibiotics. There were
also not enough data available to perform separate
analyses on exposure to antibiotics before 5years of
age or in patients with late-onset MS (=40years of
age). Moreover, exposure to a certain antibiotic was

measured only as a binary since the medication data
include only information on the drug purchases based
on prescription but does not allow distinguishing
between different prescriptions or make inferences
about the number of distinct treatment courses. On the
other hand, the prescription data are national and the
coverage complete since systemic antibiotics are
available in outpatient care only with prescription.
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Table 5. Risk of multiple sclerosis (MS) associated with exposure to different groups (ATC) of antibiotics 1-6 years before MS onset.

All patients with known age of onset Patients with MS onset < 30 years of age

OR 95% CI p value OR 95% CI p value
Female
JO1A (Tetracyclines) 1.07 [0.92,1.25] 0.39 1.14 [0.90, 1.45] 0.28
JO1C (Penicillin) 1.04 [0.90, 1.20] 0.62 1.11 [0.88, 1.40] 0.37
JO1D (Other betalactams) 1.03 [0.89, 1.18] 0.70 1.03 [0.83,1.29] 0.77
JO1E (Sulfonamide and Trimetoprim) 1.21 [0.94, 1.55] 0.14 1.05 [0.72, 1.53] 0.79
JO1F (Macrolides, lincosamides and 1.14 [0.98, 1.33] 0.10 1.09 [0.85, 1.40] 0.50
streptogramines)
JOIM (Kinolone derivates) 1.28 [1.03,1.60] 0.028* 1.34 [0.94, 1.90] 0.11
JO2A (Systemic antifungals) 1.09 [0.90, 1.31] 0.37 1.07 [0.79, 1.45] 0.66
JO5A (Systemic antivirals) 0.88 [0.65,1.19] 0.40 0.78 [0.45,1.35] 0.37
Male
JO1A (Tetracyclines) 0.88 [0.67,1.15] 0.36 1.11 [0.70, 1.76] 0.65
JO1C (Penicillin) 0.96 [0.78, 1.20] 0.74 1.37 [0.94, 1.99] 0.098
JO1D (Other betalactams) 0.95 0.75,1.19] 0.64 1.34 [0.92, 1.95] 0.13
JO1E (Sulfonamide and Trimetoprim) - - - - - -
JO1F (Macrolides, lincosamides and 0.95 [0.73, 1.24] 0.72 1.13 [0.72, 1.79] 0.59
streptogramines)
JOIM (Kinolone derivates) 0.79 [0.50, 1.25] 0.32 1.07 [0.47,2.42] 0.87
JO2A (Systemic antifungals) 0.64 [0.31,1.34] 0.24 - - -
JOSA (Systemic antivirals) 1.50 [0.86, 2.59] 0.15 - - -

OR: odds ratio; CI: confidence interval.
“BH corrected p values exceed 0.05.

Furthermore, the Finnish MS registry has a very high
national coverage and completeness of the onset and
diagnosis data.!®27 Finally, it is unclear how widely
our results can be generalized considering the genetic
peculiarity of the Finnish people and very high MS
risk in the country.28-30

In conclusion, these data do not suggest an associa-
tion between exposure to antibiotics and the subse-
quent risk of MS. Compared with controls, the
persons who later develop MS seem less prone to
infections treated with antibiotics in childhood but
more susceptible to them in adolescence, suggesting
that the maturation process of the immune system
plays an important role.
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