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Abstract 42 

Objective: To investigate the hypothesis that vaccination is a risk factor of multiple sclerosis 43 

by use of German ambulatory claims data in a case-control study.  44 

Methods: Using the ambulatory claims data of the Bavarian Association of Statutory Health 45 

Insurance Physicians (BASHIP) covering the years 2005 to 2017, logistic regression models 46 

were used to assess the relation between MS (n=12,262) and vaccinations in the five years 47 

before first diagnosis. Subjects newly diagnosed with Crohn's disease (n=19,296), psoriasis 48 

(n=112,292) and subjects with no history of these autoimmune diseases (n=79,185) served as 49 

controls.  50 

Results: The odds of MS was lower in subjects with a recorded vaccination (OR=0.870, 51 

p<0.001 vs. subjects without autoimmune disease; OR=0.919, p<0.001 vs. subjects with 52 

Crohn’s disease; OR=0.973, p=0.177 vs. subjects with psoriasis). Lower odds were most 53 

pronounced for vaccinations against influenza and tick-borne encephalitis. These effects were 54 

consistently observed for different time frames, control cohorts and definitions of the MS 55 

cohort. Effect sizes increased towards the time of first diagnosis. 56 

Conclusions: Results of the present study do not reveal vaccination to be a risk factor of MS. 57 

On the contrary, they consistently suggest that vaccination is associated with a lower 58 

likelihood of being diagnosed with MS within the next five years. Whether this is a protective 59 

effect needs to be addressed by future studies.   60 
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Introduction 61 

In recent years, various environmental risk factors for the development of Multiple Sclerosis 62 

(MS) have been suggested some of which could be confirmed in large studies 1, 2. Vaccination 63 

has been discussed as a risk factor for the development of MS and for the occurrence of 64 

relapses. Different case reports and smaller studies on the relation to vaccination showed 65 

conflicting results, however 3. The authors of a recent systematic literature review 4 concluded 66 

that there was no overall change in the risk of developing MS following most of the 67 

investigated vaccinations including hepatitis B, human papilloma virus (HPV), seasonal 68 

influenza, measles-mumps-rubella and others. Interestingly, they reported a possible 69 

preventive potential of tetanus and diphtheria vaccine, which was however mostly based on 70 

studies with few cases and insufficient statistical power. 71 

Vaccinations are the most effective tools to prevent many infectious diseases. Thus it is 72 

important to carefully investigate and clarify any risks believed to be associated with 73 

vaccination to prevent unwarranted reservations.  74 

The objective of the present case-control study was therefore to investigate the hypothesis that 75 

vaccination is a risk factor of multiple sclerosis in a systematic retrospective analysis of 76 

ambulatory claims data of 223,035 subjects (12,262 MS patients and 210,773 controls), held 77 

by the Bavarian Association of Statutory Health Insurance Physicians (BASHIP).  78 

 79 

Methods 80 

Ambulatory claims data held by the Bavarian Association of Statutory Health Insurance 81 

Physicians (BASHIP) covers all members of the statutory health insurance, that is 82 

approximately 85% of the population of Bavaria5. It was available for each quarterly billing 83 
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period between the years 2005 and 2017. We defined a cohort of new onset MS subjects with 84 

at least two secured ICD-10 diagnoses G35 in separate quarterly periods and two control 85 

cohorts of subjects diagnosed with other autoimmune diseases, Crohn’s disease and psoriasis 86 

using the ICD-10 diagnoses K50 and L40 in the same manner, respectively. Inclusion of these 87 

control cohorts into the analysis enables the identification of effects that are specific to MS 88 

and are not shared by other autoimmune diseases. In order to facilitate the observation of all 89 

subjects in the five years prior to diagnosis, we restricted all cohorts to subjects with a first 90 

diagnosis in 2010 or later. Subjects without record of these ICD-10 diagnoses were randomly 91 

selected without replacement from the BASHIP data and matched to the MS cohort in a 5:1 92 

ratio according to year of birth, gender and district of residence. For the control group, we 93 

considered the quarter of “first diagnosis” to be that of their matching partner. All subjects of 94 

all cohorts had to be younger than 70 years of age and resident in Bavaria during the entire 5 95 

years period prior to the first diagnosis. Subjects in the MS cohort were further required to 96 

have a recorded visit with a neurologist at any time and no ICD-10 diagnosis G04, that is no 97 

diagnosis of a clinically isolated syndrome (CIS), before or after MS diagnosis. To enable 98 

sensitivity analyses we defined three additional, stricter and therefore more conservative 99 

definitions of the MS cohort. These required that there was no diagnosis of optic neuritis 100 

(ICD-10 H46), at most one MRI of the head or at most one visit with a neurologist during the 101 

investigated 5 years period, respectively. 102 

Reimbursement claims are coded using a five-digit code called the 103 

“Gebührenordnungspositionen” (GOP). Each recorded GOP is uniquely linked to a subject, a 104 

quarterly period and a specific physician consultation. All GOP records coding vaccinations 105 

were used to explore the incidence and frequency of vaccinations in the investigated cohorts. 106 

As vaccinations are also administered as combination vaccines, we grouped them accordingly 107 

into ten sets of vaccinations against: (1)  tick-borne encephalitis (TBE) virus, (2) human 108 

papilloma virus, (3) pneumococci, (4) imeningococci, (5) influenza virus, (6) hepatitis A, (7) 109 
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hepatitis B, (8) mumps, measles, rubella and varicella zoster viruses, (9) clostridium tetani, 110 

corynebacterium diphtheriae, poliovirus, bordetella pertussis  and haemophilus influenzae 111 

type b, and (10) any vaccination. The infrequent combination of haemophilus influenzae type 112 

b plus hepatitis B was allocated to each of the sets (7) and (9). The same holds for the rare 113 

combination of six vaccines in a single administration which was given by the five vaccines 114 

listed in set (9) plus hepatitis B. Combinations of vaccinations against hepatitis A and B were 115 

allocated to each of the groups (6) and (7). The listed vaccinations belong to the set of 116 

vaccinations recommended by the German Standing Committee on Vaccination (STIKO) and 117 

are therefore free of charge for members of the statutory health insurance. 118 

Data Availability Statement 119 

For reasons of data protection, the authors are unable to distribute the underlying data. 120 

Interested researchers may contact the corresponding author or the BASHIP to request access. 121 

Standard Protocol Approvals, Registrations, and Patient Consents 122 

In this retrospective case-control study we analyzed anonymous claims data held by the 123 

BASHIP. Approval by an ethical standards committee on human experimentation 124 

(institutional or regional) for any experiments using human participants was not needed 125 

according to the Guidelines and Recommendations for Good Practice of Secondary Data 126 

Analysis (GPS)6. Approval was obtained from the responsible data protection officer of the 127 

BASHIP. Likewise there was no need for written informed consent from participants. Neither 128 

photographs, videos, nor other information of recognizable persons is used in this article. 129 

Authorization for disclosure was therefore not necessary. 130 

 131 
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Statistical Analysis 132 

To manage the high computational burden of processing the very large data we used 133 

unconditional logistic regression models to assess the association between vaccination and 134 

MS by means of odds ratios. Recent findings show that unconditional logistic regression is a 135 

proper method to perform for loose-matching data, that is when only a few matching variables 136 

are used and matching between cases and controls is therefore not unique 7. Separate models 137 

were built to contrast the MS cohort against each of the control cohorts. The modelled binary 138 

outcome was MS (yes/no) and the factorial covariates were vaccination (yes = at least once 139 

vs. no = never) and the main effects as well as the interaction effect of gender and age 140 

categories (0-20 yrs., 21-30 yrs., 31-40 yrs., …, 61-70 yrs.). The effect measures of the 141 

analyses, given by the odds ratios and corresponding confidence intervals, are therefore 142 

adjusted for any combination of gender and age categories. The crude numbers of subjects 143 

with any vaccination are given along the size of the cohorts. 144 

We repeated each analysis for the three additional definitions of the MS cohort and for 145 

different time frames before first diagnosis to be able to explore the robustness of the results 146 

and the variation in time. The time frames comprise the whole 5-year period excluding the 147 

quarter immediately prior to the first diagnosis (= overall), the quarter before first diagnosis 148 

(= -1st qtr.), the quarters 2 to 4 before first diagnosis (= -234th qtr.) and each of the whole 149 

years before first diagnosis, starting with the second year and ending with the fifth year (= -150 

2nd yr., -3rd yr., -4th yr. and -5th yr.). 151 

The multiple analyses conducted in this study create a multiple testing problem. This is a 152 

rather strict interpretation of the present testing situation which does formally not necessitate a 153 

correction for multiple testing because of its exploratory nature. We still addressed this 154 

problem by defining a single primary analysis which covers all kinds of vaccinations 155 

(any/none). Hypothesis testing was performed on an exploratory two-sided 5% significance 156 
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level and corresponding two-sided 95% confidence intervals were computed for this primary 157 

analysis. Additional secondary analyses that addressed specific vaccinations were adjusted by 158 

Sidak’s correction for multiple testing. The correction was applied to p-values as well as to 159 

confidence intervals to provide a familywise error control on a 5% significance level. There 160 

were nine secondary analyses s in total, resulting in an adjusted significance level of 0.568% 161 

and two-sided 99.4% confidence intervals. We did not adjust hypothesis testing for repeated 162 

analyses across the investigation of different control groups and time frames. All analyses 163 

were performed using R 3.5.0 (The R Foundation for Statistical Computing, Vienna, Austria). 164 

 165 

Results 166 

A data query in the BASHIP database identified 15,046 subjects with a first diagnosis of MS, 167 

21,189 subjects with a first diagnosis of Crohn’s disease and 133,961 subjects with a first 168 

diagnosis of psoriasis in 2010 or later. Another 83,610 controls without any of the three 169 

autoimmune diseases were matched to the MS cohort. These numbers decreased to 12,262 in 170 

the MS cohort, 19,296 in the Crohn’s disease cohort, 112,292 in the psoriasis cohort and 171 

79,185 in the cohort of subjects without these autoimmune diseases after removal of subjects 172 

that were older than 70 years at the quarter of first diagnosis and by exclusion of subjects that 173 

did not fulfill the definition of an MS patient as outlined in the Methods section. Concerning 174 

comorbidities, there were 456 subjects with Crohn’s disease and psoriasis, 216 subjects with 175 

MS and psoriasis, 48 subjects with Crohn’s disease and MS and two subjects with Crohn’s 176 

disease, psoriasis and MS. These subjects were allocated to each of the respective cohorts and 177 

were not treated differently due to the comparatively small sample sizes. 178 

The three additional definitions of MS cohorts which required that there was no diagnosis of 179 

optic neuritis (ICD-10 H46), at most one MRI of the head or at most one visit with a 180 
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neurologist during the investigated 5-year period lead to sample sizes of 11,675, 11,663 and 181 

9,272, respectively.  182 

Descriptive statistics of the distribution of age at first diagnosis, gender and the number of 183 

vaccinations in the five years prior to first diagnosis are presented in Table 1. These statistics 184 

are purely illustrative and should not be used to infer on the relation between vaccinations and 185 

MS or the other two investigated autoimmune diseases. This research question has been 186 

addressed more thoroughly by the computation of age and gender adjusted odds ratios as 187 

presented along the following lines. 188 

The ability to accurately define the quarter of first diagnosis for each subject is crucial to this 189 

study. It determines the individual 5-year periods that are to be analyzed and that are also 190 

required for the inclusion of a subject into the study cohorts. Due to the study design, any 191 

preceding diagnoses of the same kind as the respective first diagnosis (i.e. ICD-10 G35, K50 192 

or L40) could be ruled out for a period of at least 5 years for each subject. For 70% of the 193 

subjects it was even possible to observe a period of more than 7.5 years before first diagnosis. 194 

Further percentiles of the distribution of individual observation periods before first diagnosis 195 

are given in Table 1.  196 

We analyzed the occurrence of vaccinations in MS patients and the three control groups 197 

during the five years before first diagnosis (Figure 2). The overall effects, which are 198 

computed for the 5-year period excluding the quarter before first diagnosis, were OR = 0.870 199 

(95% CI: 0.837 to 0.904), OR = 0.919 (95% CI: 0.876 to 0.963) and OR = 0.973 (95% CI: 200 

0.936 to 1.012) for the control cohorts of subjects without autoimmune disease, of subjects 201 

with Crohn’s disease and of subjects with psoriasis, respectively. Considering a possible trend 202 

in time the Odds Ratios of the respective control cohorts steadily decrease from the -5th year 203 

to the -2nd year and the -1st quarter before first diagnosis. Overall the odds of MS was lower in 204 

subjects with any vaccination (Figure 2). This result is consistent across all studied time 205 
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frames and control cohorts. Statistical significance is almost always reached with only a few 206 

exceptions for the Crohn’s disease and psoriasis control cohorts. Corresponding vaccination 207 

frequencies and cohorts sizes are given in Table 2. 208 

Further sensitivity analyses involving more strict definitions of the MS cohort are provided in 209 

Figure 2. Interestingly, these results mirrored those obtained in the primary analysis with 210 

decreased odds of MS in subjects with any vaccination and a trend towards stronger effects in 211 

periods that are closer to first diagnosis. The strongest effects were observed for the stricter 212 

definition of the MS cohort, which requires that subjects had at most one neurological 213 

consultation during the investigated 5 years period (Figure 2). In this analysis, significant 214 

differences were observed between MS and all control groups even 5 years before first 215 

diagnosis.  216 

Next we analyzed the effect of specific vaccinations on the occurrence of MS. Sufficient 217 

numbers for meaningful analyses were available for vaccinations against tick-borne 218 

encephalitis (TBE) virus, human papilloma virus, pneumococci, meningococci, influenza, 219 

hepatitis A and B, meningococci, mumps, measles, rubella and varicella viruses. We found a 220 

consistently negative relation between the development of MS and the incidence of 221 

vaccinations with a single non-significant exception for the vaccination against human 222 

papilloma virus using the Psoriasis control group which shows the inverse effect (Figure 3 223 

and Table 3). Most pronounced were the negative relations for vaccinations against TBE, 224 

hepatitis B and influenza viruses while the effect was less pronounced for the other 225 

vaccinations. Sensitivity analyses with strict definitions of the MS cohort showed even more 226 

pronounced effects especially in the subgroup which requires that subjects had at most one 227 

visit with a neurologist during the investigated 5-year period (data not shown). 228 

 229 



Hapfelmeier, NEUROLOGY MS ID#: NEUROLOGY/2019/976092 

11 

 

Discussion 230 

Despite the large number of studies conducted, the role of vaccination as a risk factor for the 231 

development of multiple sclerosis is still uncertain. The present study did not reveal 232 

vaccination to be a risk factor for MS.  It differs from recent research in two major aspects 8-
233 

11. Firstly, it provides substantial evidence from a large population-based sample of 223,035 234 

subjects (12,262 MS patients and 210,773 controls). Secondly, it is focused on a single 235 

specific risk factor. It does therefore not share the risk of spurious findings which is present in 236 

studies that explore a large set of potential risk factors. 237 

   238 

Inconsistent findings have been reported with respect to the association of human papilloma 239 

virus, influenza, measles, mumps, typhoid, VZV, rubella and hepatitis B vaccinations with 240 

MS risk  12-28. Meta analyses have lacked sufficient precision to prove or disprove an 241 

association of these different vaccinations with MS risk. However, the majority of these 242 

studies suggest that vaccinations are not associated with a higher risk of developing MS. For 243 

some of the vaccines (e.g. human papilloma virus, tetanus toxoid) some studies even reported 244 

a lower likelihood of a subsequent MS diagnosis.  245 

Our findings, derived from a very large number of patients and three matched control cohorts, 246 

are in line with previous studies and support the assumption that vaccinations are not 247 

associated with a higher likelihood of an MS diagnosis during the following 5 years. Our 248 

findings rather suggest a lower likelihood of an MS diagnosis after vaccination. Additionally, 249 

the low rate of vaccination during the months before MS diagnosis also argues against a major 250 

role of vaccination in the induction of MS relapses. Several reasons may account for the lower 251 

rate of vaccinations during the 5 years prior to MS diagnosis.  252 
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Previous studies have reported altered behaviour and an increased prevalence of 253 

neuropsychiatric symptoms up to five years before MS diagnosis which might be related to an 254 

awareness of the subjects of their disease even before the diagnosis is made 11. For instance, a 255 

lower rate of pregnancies has been found in women with MS as compared to controls. A 256 

causal relation of lower pregnancy rates with the development of MS seems unlikely. On that 257 

note it has been assumed that the onset of disease might have started before the actual first 258 

diagnosis and that subjects change their behavior along the course of the disease, even before 259 

the diagnosis is made.  260 

Similarly, increased levels of sick leave and disability pension  have been reported for MS 261 

patients even 15 years before first diagnosis of the disease29. In this respect, disease burden 262 

may affect a MS patient’s lifestyle long before it is diagnosed. Additionally, higher rates of 263 

physician services utilization as compared to the general population have been observed at 264 

least five years before diagnosis30.  265 

These findings are of relevance for the interpretation of the results of the present study. 266 

Possible explanations of the lower vaccination rates in MS patients up to five years before 267 

diagnosis might be that the patients are aware of their disease or are affected by the burden of 268 

disease even before the first diagnosis, which may lead to altered behaviour. 269 

Similar results would be expected if the MS group was inaccurately defined and wrongfully 270 

included patients who have already been diagnosed with MS at an earlier time point. It could 271 

be expected that patients with MS do get vaccinated less often as compared to healthy 272 

individuals. However, as the observed effects were even stronger in patients with not more 273 

than one neurologist consultation within the five years before diagnosis, we consider it 274 

unlikely that our findings are due to the contamination of the MS group with previously 275 

diagnosed patients.  276 
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Vaccinations might also directly impact the immunopathogenesis of MS. Infections are 277 

associated with MS relapses and the prevention of infections might thus decrease relapses and 278 

MS risk. In this study, the negative relation of vaccination with the development of MS is 279 

most pronounced for influenza. The conclusion that the prevention of influenza infection 280 

might decrease the risk of developing MS or relapses in MS patients however cannot be 281 

drawn from the present findings. Moreover, vaccination itself might influence the 282 

autoimmune response in MS. Stimulation of the immune system with vaccine antigens might 283 

have an ameliorating effect on the autoimmune response underlying onset and progression of 284 

disease 31, 32.  285 

A limitation of the present study is the subjective definition of the MS cohort, potentially 286 

leading to flawed findings. This issue was addressed by multiple strict definitions of the MS 287 

cohort, enabling the implementation of sensitivity analyses. Another limitation is given by the 288 

data source per se itself. Entry errors and incorrect coding cannot be ruled out, even for 289 

databases with high quality standards like the BASHIP database.  290 

In summary, our data show a negative association of vaccinations with MS. This could be 291 

seen when considering all reported vaccinations and specifically for influenza, hepatitis B and 292 

TBE vaccinations.  This data alone does not allow for any conclusion regarding a possible 293 

protective effect of vaccinations regarding the development of MS. However, our results do 294 

not support the assumption that vaccinations are a risk factor for the development of MS.  295 

 296 

  297 
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Figure 1 Illustration of studied time frames before first diagnosis. 385 
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Figure 2 Odds Ratio of MS for any vaccination 388 

 389 

Odds Ratios of MS for subjects with at least one recorded vaccination compared to subjects 390 

without any recorded vaccination. Results are presented for each of the investigated time 391 

frames, control cohorts and the three stricter definitions of the MS cohort. The overall effect, 392 

excluding the quarter before first diagnosis, is given in the respective top rows. CI = two-393 

sided 95% confidence intervals. 394 
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Figure 3 Odds Ratio of MS for specific vaccinations 396 

 397 

Odds Ratios of MS for subjects with at least one recorded vaccination compared to subjects 398 

without such a vaccination. Results are presented for each of the investigated time frames, 399 

control cohorts and for specific vaccinations. The overall effect, excluding the quarter before 400 

first diagnosis, is given in the respective top rows. CI = two-sided 99.4% confidence intervals. 401 

Wide confidence intervals exceeding the limits 0.5 or 2.0 are clipped to arrows. 402 
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Table 1 Descriptive statistics of the cohorts. 404 

Cohort Size Observable time* 

(median yrs., IQR) 

Women Age at first 

diagnosis 

(yrs.) 

vaccinations* 

(categories 0, 1-2, >2) 

MS 12,262 8.75, 7.00 – 10.50 8,528 

(69.5%) 

39.3±12.5 6,800, 3,662, 1,800 

(55.5%, 29.9%, 14.7%) 

Crohn’s 

disease 

19,296 8.75, 7.25 – 10.75 10,734 

(55.6%) 

37.5±15.4 9,814, 5,986, 3,496 

(50.9%, 31.0%, 18.1%) 

Psoriasis 112,292 8.75, 7.25 – 10.50 58,169 

(51.8%) 

44.8±15.9 57,644, 31,793, 22,855 

(51.3%, 28.3%, 20.4%) 

Controls 79,185 9.00, 7.25 – 10.75 54,915 

(69.4%) 

39.5±12.7 41,062, 25,451, 12,672 

(51.9%, 32.1%, 16.0%) 

* prior to first diagnosis, IQR = interquartile range 405 
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Table 2 Number of subjects with vaccination and cohort sizes 407 

MS Control Chrohn‘s diseases Psoriasis 

N 12,262   79,185   19,296   112,292   

overall* 5,462 44,5% 38,123 48,1% 9,482 49,1% 54,648 48,7% 

-1st qtr. 457 3,7% 3,589 4,5% 893 4,6% 6,382 5,7% 

-234th qtr. 1,428 11,6% 9,907 12,5% 2,527 13,1% 16,530 14,7% 

-2nd year 1,784 14,5% 12,873 16,3% 3,384 17,5% 21,646 19,3% 

-3rd year 1,940 15,8% 13,978 17,7% 3,608 18,7% 22,861 20,4% 

-4th year 2,177 17,8% 14,831 18,7% 3,885 20,1% 23,766 21,2% 

-5th year 2,185 17,8% 15,343 19,4% 3,974 20,6% 24,245 21,6% 

Absolute and relative frequencies of patients with at least one vaccination in the displayed 408 

time frames. *overall number of subjects with at least one vaccination in the investigated 5-409 

year period excluding the quarter before first diagnosis.  410 
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Table 3 Odds Ratio of MS vs. controls by type of vaccination 412 

 controls 

vaccination no autoimmune 

disease* 

Crohn’s disease Psoriasis 

tick-borne encephalitis (TBE)  0.901 [0.844, 0.961] 0.899 [0.831, 0.972] 0.981 [0.919, 1.047] 

human papilloma virus 0.852 [0.641, 1.133] 0.824 [0.604, 1.124] 1.284 [0.965, 1.709] 

pneumococci 0.900 [0.673, 1.203] 0.640 [0.465, 0.882] 0.638 [0.482, 0.844] 

meningococci 0.977 [0.713, 1.339] 0.751 [0.537, 1.051] 0.620 [0.456, 0.843] 

influenza 0.892 [0.834, 0.955] 0.905 [0.833, 0.983] 0.877 [0.819, 0.938] 

hepatitis A 0.932 [0.726, 1.196] 0.961 [0.709,1.301] 0.952 [0.741, 1.223] 

hepatitis B 0.837 [0.721, 0.972] 0.849 [0.710, 1.015] 0.771 [0.664, 0.894] 

mumps, measles, rubella and 

varicella 

0.878 [0.742, 1.039] 0.983 [0.801, 1.206] 0.844 [0.712, 1.000] 

tetanus, diphtheria, mumps, 

poliomyelitis, pertussis, and 

haemophilus influenzae type b 

0.924 [0.865, 0.987] 0.977 [0.901, 1.059] 0.999 [0.934, 1.068] 

Odds Ratio [two-sided 99.4% confidence interval using Sidak’s correction for multiple testing 413 

of nine hypotheses] of MS for subjects with at least one recorded vaccination compared to 414 

subjects without any recorded vaccination. The overall effect, excluding the quarter before 415 

first diagnosis, is presented for each of the predefined subsets of vaccinations and control 416 

cohorts. Bold figures indicate statistically significant results. *persons not diagnosed with 417 

MS, Crohn’s disease or psoriasis.  418 
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