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Summary
Aims: To evaluate the immunogenicity and safety of a seasonal influenza vaccine in a 
cohort of multiple sclerosis (MS) patients receiving different immunomodulating/im‐
munosuppressive therapies and assess predictors of immune response.
Methods: A prospective, multicenter, non‐randomized observational study including 
108 patients receiving a trivalent seasonal influenza vaccination was conducted. 
Influenza‐specific antibody titers (H1N1, H3N2, and influenza B) were measured to 
evaluate rates of seroprotection and seroconversion/significant titer increase. 
Univariable and multivariable analyses were performed to identify prognostic factors 
of vaccination outcomes.
Results: Regarding the whole cohort, seroprotection rates >70% were achieved for 
each influenza strain. Interferon‐treated patients reached high seroprotection rates 
(>84%). Good seroprotection rates were seen in patients treated with glatiramer ac‐
etate. In particular for H3N2, response rates were low in natalizumab‐treated pa‐
tients and in the small subgroup of fingolimod‐treated patients. Patients with a 
previous disease‐modifying therapy and a longer disease duration were less likely to 
respond sufficiently. No severe adverse events were reported. MS disease activity 
was not increased after a one‐year follow‐up period.
Conclusion: Vaccination led to good immunogenicity, especially in MS patients 
treated with interferons and glatiramer acetate. At least for the H1N1 strain, rates of 
seroprotection and seroconversion/significant titer increase were high (>70% and 
>60%, respectively) for all therapeutic subgroups. Patients with a longer duration of 
the disease are exposed to an increased risk of insufficient immune response to 
vaccination.
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1  | INTRODUC TION

Multiple sclerosis (MS) is a chronic immune‐mediated disease of the 
central nervous system (CNS) with heterogeneous clinical manifes‐
tations.1,2 The underlying inflammatory process is triggered by the 
adaptive immune system and leads to the formation of demyelinat‐
ing lesions in the gray and white matter and axonal damage.3,4

The disease usually begins as relapsing‐remitting multiple sclero‐
sis (RRMS), characterized by deficits arising from relapses which are 
remitting completely or incompletely. Over time, this course often 
evolves to a secondary progressive phenotype (SPMS) where disabil‐
ity accumulates progressively.5,6 The less frequent primary progres‐
sive course of disease (PPMS) is defined by a steady accumulation 
of disability from disease onset without unequivocal recovery.7 
Disease‐modifying therapies (DMT) target different immunological 
pathways and act as immunomodulators or immunosuppressants.8,9

Infections in patients with MS are accompanied by an increased 
risk of disease exacerbation. Relapses associated with infections 
more often lead to a prolonged neurological deficit or sustained de‐
terioration than relapses without such an association.10 MS patients 
are at a higher risk of hospitalization due to infections11,12 and also 
have a higher mortality rate associated with infections than people 
without MS.11 The increase in mortality of MS patients during winter 
months is associated with pneumonia.13

Vaccination is an effective tool to reduce infection‐associated 
morbidity and mortality. In the past, its use in MS was constrained 
by safety concerns.14,15 Retrospective and prospective studies so 
far show a complex situation: while yellow fever vaccine may lead 
to increased MS activity, tetanus and diphtheria vaccination do 
not generally influence disease manifestation.16‒18 With the ex‐
ception of a small case series,19 multiple studies reported no in‐
creased relapse rates after vaccination against the influenza strain 
A/California/07/2009 (H1N1), which has been circulating since 
2009.17,20‒24

Inactivated influenza vaccines are thus considered safe and are 
recommended in national guidelines.16,18,25 The response to influ‐
enza vaccination in MS patients has been evaluated for some of the 
DMT in controlled settings.26‒31 Only recently the important ques‐
tion of response to vaccination in comparison across different thera‐
pies in a real‐life setting was raised and first results were published.32

The main aim of our study was to evaluate the immunogenicity 
and safety of a seasonal influenza vaccine in a real‐life cohort of MS 
patients treated with different DMT. Long‐term disease activity be‐
fore and after vaccination, safety aspects, and predictors of immune 
response were assessed.

2  | METHODS

2.1 | Subjects and study procedures

We conducted a prospective, multicenter, non‐randomized obser‐
vational study. The participating study sites were one university 

hospital delivering outpatient care and 27 specialized outpatient 
care centers in Germany.

The study included patients with MS, aged 18‐70 years, who 
were treated with a DMT for at least 6 months and had an in‐
dication for a seasonal influenza vaccination according to the 
German national recommendations by the Standing Committee on 
Vaccination.25 Criteria for exclusion were a current MS relapse or 
an unstable course of disease, febrile infections (fever above 38°C 
within the two weeks before vaccination), and other contraindica‐
tions against the vaccine.

All patients who chose to receive a seasonal influenza vaccine 
on a routine basis were offered to participate in this study. Written 
informed consent was obtained. A single dose of an inactivated in‐
fluenza vaccine (seasons 2010/2011 and 2011/2012) was injected 
according to the manufacturer’s specification. In both seasons, the 
trivalent vaccine contained the same strains: A/California/7/2009 
(H1N1), A/Perth/16/2009 (H3N2), and B/Brisbane/60/2008, as rec‐
ommended by the WHO.33,34 The study protocol did not influence 
the choice of the brand of the vaccine used.

The following data were ascertained at baseline: age, sex, date 
of first symptoms attributed to MS and date of diagnosis, clinical 
course, current score in the Expanded Disability Status Scale (EDSS) 
and 3, 6, 12, and 24 months before vaccination, relapse events in the 
last and second to last year before vaccination to evaluate disease 
activity, currently and previously prescribed DMT as well as other 
medical conditions and therapies.

Before and 4 weeks after vaccination, a sample of approximately 
10 mL whole blood was obtained. The samples were sent to a cen‐
tral laboratory and centrifuged upon arrival, with the collected sera 
stored at −70°C.

The influenza‐specific antibody titer measurements were carried 
out by the national reference laboratory for influenza at the Robert‐
Koch‐Institut (Berlin) using a hemagglutination inhibition assay (HIA) 
as described before.35 The given HI titer is the highest serum dilution 
blocking hemagglutination. Every pair of samples was analyzed twice for 
each influenza strain. Geometric mean titers (GMT) were calculated. For 
subsequent calculations, HI titers <10 (below cut‐off) were set to 5.36

The immune response was evaluated using the criteria of the 
European Committee for Medicinal Products for Human Use.36 
These consist of three assessments for every virus strain, where at 
least one of these assessments should be positive in both age groups 
(Table 1). For the evaluation of immune response, we chose not to 
categorize subjects by age, as only a few patients over 60 years 
(n = 4) participated.

Subjects were followed for one year after immunization, with fol‐
low‐up visits after 1, 3, 6, and 12 months. After four weeks, local and 
systemic adverse events (AE) were registered. The severity of AE 
was graded as follows: “mild” (no limitation of day‐to‐day activities), 
“moderate” (minor limitations), and “severe” (inability to accomplish 
day‐to‐day activities). A causal relationship between vaccination and 
AE was evaluated by the investigator. No association was assumed if 
symptoms existed before vaccination, began long after vaccination, 
or if there was proof of another etiology.
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The activity of MS (relapses and progression of disability in the 
EDSS), changes of DMT, new medical conditions, and changes in 
concurrent medication were registered during follow‐up visits after 
3, 6, and 12 months.

The study has been carried out in accordance with the 
Declaration of Helsinki. Institutional review boards and ethics com‐
mittees at participating study sites approved the protocol. The trial 
is registered at ClinicalTrials.gov (NCT02275741).

2.2 | Statistical analysis

Analyses were conducted in the per‐protocol population: all patients 
who entered the study, received influenza vaccination, and had 
available antibody titer results at days 0 and 28.

The individual response to immunization was evaluated using 
two scenarios: (a) seroprotection (sufficient/insufficient) and (b) se‐
roconversion/significant titer increase (yes/no). Both scenarios were 
analyzed for the particular influenza strains and for all tested strains 
combined. The combined analysis addresses seroprotection and se‐
roconversion/significant titer increase, respectively, among all three 
tested strains, as a clinically important outcome.

Patients were compared by univariable and multivariable anal‐
yses to identify predictors of seroprotection and seroconversion/
significant titer increase among the baseline parameters. Welch’s 
t‐test, Fisher’s exact test, chi‐squared test, McNemar’s test, and 
Mann‐Whitney U test were used when appropriate. Nominal two‐
tailed P values <0.05 were considered statistically significant. 
Binomial logistic regression was performed to evaluate the ef‐
fects of baseline variables on the likelihood of the outcome. The 
variables entered the regression models using forward selection 
(based on likelihood ratio) statistics. A two‐way ANOVA was per‐
formed for main and interaction effects of DMT and relapse events 
before and after vaccination. All analyses were performed using 
SPSS 23.

3  | RESULTS

3.1 | Study subjects

In total, 108 patients with MS were included and vaccinated against 
influenza. Complete blood samples (sample before vaccination and 
sample four weeks after vaccination, median 31 days) were available 

from 102 patients (per‐protocol population). The baseline character‐
istics of the study population are summarized in Table 2.

The majority of included subjects were female (75.5%), and most 
of the patients were affected by RRMS (92.2%). The mean (± stan‐
dard deviation) EDSS score at the vaccination day was 2.32 (±1.88). 
In the year prior to vaccination, the participants experienced 0.50 
relapses on average. There was no statistically significant differ‐
ence for baseline variables when comparing male with female study 
participants.

Disease‐modifying therapies used were interferons (IFN, 44.1%), 
glatiramer acetate (25.5%), natalizumab (13.7%), fingolimod (5.9%), 
and others (10.8%); among these: glucocorticosteroids (4.9%), mitox‐
antrone (2.0%), intravenous immunoglobulins (2.0%), teriflunomide 
(1.0%), and fumaric acid esters (1.0%).

3.2 | Immunogenicity

Protective antibody titers against H1N1 prior to vaccination were 
detectable in 20.6% of the subjects, against H3N2 in 22.5% and 
against the B strain in 43.1%. 6.8% of the participants had protective 
antibody titers for all three strains before vaccination.

After vaccination, protective antibody titers were detectable in 
more than 70% of the patients for every individual influenza strain 
(H1N1 85.3%, H3N2 72.5%, and B strain 80.4%) and in 56.9% of the 
participants for all three strains. The antibody responses are sum‐
marized in Table 3. In the following, differences in the rates of sero‐
protection and seroconversion/significant titer increase four weeks 
after vaccination are outlined between patient groups.

3.3 | Seroprotection by therapeutic regimen

Heterogeneous seroprotection rates concerning the individual 
influenza strains were found within the therapeutic subgroups 
(Table 4). While there were no significant differences in protec‐
tion rates against H1N1 among different DMT, the protection rates 
against H3N2 differed significantly (chi‐squared test, P < 0.001), 
with a seroprotection rate in natalizumab‐treated patients (n = 14) 
of 28.6%. The seroprotection rate against the B strain was also low‐
est (57.1%) in those patients treated with natalizumab.

Considering all strains (ie, seroprotection of an individual pa‐
tient for all three influenza strains), the seroprotection rates dif‐
fered by the DMT (chi‐squared test, P = 0.002). In comparison to 

Assessment Age 18‐60 y Age >60  y

Proportion of subjects achieving seroconversion or a 
significant increase in anti‐HI antibody titera

>40% >30%

Mean geometric titer increase >2.5 >2.0

Proportion of subjects achieving an HI titer ≥ 40 >70% >60%

HI, hemagglutination inhibition.
aEither a pre‐vaccination HI titer <1:10 and a post‐vaccination HI titer ≥ 1:40 or a pre‐vaccination HI 
titer ≥ 1:10 and a minimum fourfold rise in post‐vaccination HI antibody titer.

TA B L E  1  Criteria for influenza vaccine 
immunogenicity by the European 
Committee for Medicinal Products for 
Human Use36
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other treatments, seroprotection was highest in IFN‐treated pa‐
tients (Figure 1).

3.4 | Seroprotection by other clinico‐
demographic variables

H3N2 was associated with higher seroprotection rates in women 
compared to men (77.9% vs 56.0%, Fisher’s exact test, P = 0.041) as 
well as higher seroprotection rates in patients who have not been 

treated with other DMT before their current therapy versus those 
who already switched their DMT (86.0% vs 58.0%, chi‐squared test, 
P = 0.003).

Considering all strains (ie, seroprotection of an individual pa‐
tient against all three influenza strains in combination), seropro‐
tection after vaccination was associated with a shorter duration 
of disease (median of 5 years) and lack of seroprotection was 
associated with a longer duration of disease (median of 9 years, 
Mann‐Whitney U test, U = 958.5, P = 0.032). Moreover, in men, se‐
roprotection against all three strains was significantly less frequent 
than in women (36.0% vs 63.6%, Fisher’s exact test, P = 0.020). 
Higher seroprotection rates were also seen in patients who have 
not been treated with other DMT before their current therapy ver‐
sus those who switched their DMT in the past (72.0% vs 42.0%, 
chi‐squared test, P = 0.004).

3.5 | Seroconversion or significant titer increase

The results of the total study population concerning seroconver‐
sion, reflecting an adequate immune response, showed rates >40% 
for H1N1 (69.6%) and H3N2 (52.9%), whereas this rate was 38.2% 
for B‐Brisbane (Table 3). The GMT increase was 11.2, 4.9, and 2.9, 
respectively, among the three influenza strains. Seroconversion or 
a significant titer increase in all three strains was observed in 27.5% 
of all subjects. Statistically significant differences in the duration 
of the disease were found in the group comparisons: adequate 
titer movements in all three strains were associated with a shorter 
duration of the disease (median of 3 years) and insufficient titer 
movements were associated with a longer duration of the disease 
(median of 8 years, Mann‐Whitney U test, U = 721.0, P = 0.018). 
Similar differences in duration of disease were also seen when 
analyzing H1N1 (U = 803.0, P = 0.030) and the B strain (U = 818.5, 
P = 0.005) separately. Male sex was associated with less frequent 
adequate antibody titer movements against H3N2 than female sex 
(32.0% vs 59.7%, Fisher’s exact test, P = 0.021, Table 5). Significant 
anti‐H3N2 titer rises were also less common in patients who have 
been treated with other DMT before their current therapy versus 
those who did not switch their DMT in the past (40.0% vs 64.0%, 
chi‐squared test, P = 0.027).

3.6 | Predictors of response

A previous DMT was a negative predictor for obtaining a protective 
titer against H1N1 (P = 0.028, OR = 0.165). All other independent 
variables did not significantly improve the prediction. In the case 
of protective titers against H3N2, the logistic regression model in‐
dicated that pre‐treatment is again a negative predictor (P = 0.009, 
OR = 0.221) and also that the current DMT has a significant impact 
on the outcome (P = 0.024, OR = 1.773). Regarding protective ti‐
ters against the B strain, no variable contributed significantly to 
the model. When looking at protective antibody titers against all 
three influenza strains, previous DMT (P = 0.002, OR = 0.205) was 
the only predictive variable included in the resulting model.

TA B L E  2  Demographic and clinical characteristics of the 
per‐protocol population

Clinical characteristic Value

Age (mean ± SD) 42.4 ± 10.2 y

Time since MS diagnosis (mean ± SD) 8.3 ± 7.0 y

Time since onset of MS‐attributed 
symptoms (mean ± SD)

10.6 ± 8.2 y

Sex

Female 77 (75.5%)

Male 25 (24.5%)

Clinical course

Relapsing‐remitting (RRMS) 94 (92.2%)

Secondary progressive (SPMS) 5 (4.9%)

Primary progressive (PPMS) 3 (2.9%)

Current DMT

Interferons 45 (44.1%)

Glatiramer acetate 26 (25.5%)

Natalizumab 14 (13.7%)

Fingolimod 6 (5.9%)

Other 11 (10.8%)

Duration of current DMT (mean ± SD) 32.6 ± 27.4 mo

Previous DMT

Yes 50 (49.0%)

No 50 (49.0%)

Unknown 2 (2.0%)

EDSS

12 mo prior to vaccination (mean ± SD) 2.16 (±1.86)

6 mo prior to vaccination (mean ± SD) 2.17 (±1.87)

3 mo prior to vaccination (mean ± SD) 2.27 (±1.89)

At vaccination day (mean ± SD) 2.32 (±1.88)

Relapse rate

Month 24‐13 prior to vaccination 0.7 relapses/
patient/y

Month 12‐0 prior to vaccination 0.5 relapses/
patient/y

The per‐protocol population comprised 102 subjects (± indicates stand‐
ard deviation).
DMT, disease‐modifying therapy; EDSS, Expanded Disability Status 
Scale; MS, multiple sclerosis; PPMS, primary progressive multiple sclero‐
sis; RRMS, relapsing‐remitting multiple sclerosis; SD, standard deviation; 
SPMS, secondary progressive multiple sclerosis.
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A longer duration of disease was a negative predictor for se‐
roconversion or significant titer increase in the case of H1N1 
(P = 0.006, OR = 0.899). In the case of H3N2, the model indi‐
cated that a previous DMT (P = 0.033, OR = 0.352) and male sex 
(P = 0.012, OR = 0.217) are negative predictors for seroconversion 
or significant titer increase. Regarding seroconversion or signifi‐
cant titer increase after immunization against the B strain, the lo‐
gistic regression included disease duration (P = 0.009, OR = 0.892) 
as the predictive variable. When looking at all influenza strains, 
again a longer disease duration (P = 0.040, OR = 0.910) was asso‐
ciated with an insufficient response to the vaccine.

Thus, a previous DMT and a long duration of disease were in 
general the best predictors for insufficient seroprotection and se‐
roconversion, respectively, whereas current DMT and age were less 
informative in this modelling.

3.7 | Disease activity

The annual relapse rate in the year before vaccination was 0.50 
relapses per patient (data for 98/102 patients) and in the year fol‐
lowing vaccination 0.41 relapses per patient (data for 69/102 pa‐
tients). The difference in relapse rates before and after vaccination 
when adjusted for therapy was not statistically significant (two‐way 
ANOVA, P = 0.807). The mean EDSS score one‐year after vaccina‐
tion was 2.26 (±1.76, data for 67 of 102 patients) compared to the 
mean EDSS score at the vaccination day of 2.32 (±1.88).

3.8 | Safety

Follow‐up information on AE was available for 101 subjects (99.0%). 
During the first month after vaccination, 9/101 (8.9%) of the sub‐
jects reported local and 15/101 (14.9%) systemic AE. In total, 18/101 
(17.6%) of the subjects were affected by local and/or systemic AE 
(six subjects reported both, resulting in 30 reported AE).

Reported local AE were mild or moderate pain, redness, or 
swelling. Mild systemic AE were reported by 9 of 15 subjects 
(60.0%) and moderate systemic AE following vaccination were re‐
ported by 6 of 15 subjects (40.0%). There was no severe local or 
systemic AE.

Six patients treated with glatiramer acetate showed either flu‐
like symptoms (n = 3), increase in temperature (n = 2), or nightly 
sweating (n = 1). Six patients under interferon treatment reported 
flu‐like symptoms (n = 4), headache (n = 1), or feeling weak (n = 1). 
Two patients treated with fingolimod developed exanthema. One re‐
lapse occurred in a patient with SPMS receiving glucocorticosteroids 
19 days after the vaccination. This patient had a post‐vaccination se‐
roconversion for all three influenza strains.

The majority of AE (29 of 30) was associated with the preceding 
vaccination. Among those, 8 were rated as possibly and 21 were rated 
as likely related to the vaccination. One patient treated with fingoli‐
mod developed an exanthema not associated with the vaccination.

4  | CONCLUSION

Our multicenter study showed that after immunization with a 
seasonal trivalent influenza vaccine, most endpoints for the im‐
munogenicity of individual influenza strains could be met in a het‐
erogeneous group of MS patients: (a) for each strain, >70% of all 
subjects achieved an anti‐HI titer ≥40, (b) for H1N1 and H3N2 (but 
not for the B strain), >40% of all subjects achieved a seroconversion 
or significant increase in antibody titers, and (c) a mean geometric 
titer increase >2.5 could be noted for each particular strain. The 
overall results on immunogenicity for the study cohort should, how‐
ever, not distract from those subgroups where immunization falls 
short of a sufficient response.

When looking at seroprotection in more detail, patients treated 
with IFN reached seroprotection rates of >80% for the individual strains 

TA B L E  3  Serum antibody titers and titer changes following seasonal influenza vaccination

A(H1N1)‐California A(H3N2)‐Perth B‐Brisbane All strainsa

Before vaccination (baseline)

Seroprotection, n (%) 21 (20.6%) 23 (22.5%) 44 (43.1%) 7 (6.8%)

GMT 11 11 22 ‐

After vaccination (day 28)

GMT 125 55 63 ‐

GMT increase 11.2 4.9 2.9 ‐

Seroprotection, n (%) 87 (85.3%) 74 (72.5%) 82 (80.4%) 58 (56.9%)

Seroconversion or significant titer 
increase (all subjects), n (%)

71 (69.6%) 54 (52.9%) 39 (38.2%) 28 (27.5%)

Seroconversion, n (%) 47/59 (79.7%) 30/57 (52.6%) 11/17 (64.7%) ‐

Significant titer increase, n (%) 24/43 (55.8%) 24/45 (53.3%) 28/85 (32.9%) ‐

GMT, geometric mean titer; GMT increase: GMT ratio post‐vaccination/pre‐vaccination; seroprotection: proportion of subjects with antibody titers 
≥40 at baseline or after vaccination; seroconversion: proportion of subjects with antibody titers at baseline <10 and ≥40 after vaccination; significant 
titer increase: proportion of subjects with antibody titers at baseline >10 and ≥4‐fold titer increase after vaccination.
aSubjects who achieved this criterion in all three strains.
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(H1N1 84.4%, H3N2 91.1%, B strain 88.9%). Protective antibody titers 
against all three strains were detectable after vaccination in 73.3% 
of these subjects. For individual strains, similar results in IFN‐treated 
patients after seasonal influenza vaccination were previously shown 
in a smaller exploratory study (n = 17), with rates of seroprotection of 
88.2% against H1N1 and H3N2, respectively.29 A single‐strain analysis 
demonstrated seroprotection rates against H3N2 in patients receiv‐
ing IFN comparable to those achieved in of healthy controls (93.0% vs 
90.9%, n = 86).26 In a study of patients with reduced clinical and radio‐
logical MS disease‐activity under IFN therapy, the immune response to 
influenza vaccination was similar to the one seen in healthy controls.28

An earlier study reported lower rates of seroprotection in pa‐
tients receiving glatiramer acetate in comparison to healthy controls 
(H1N1: 58.3% vs 71.2%, H3N2: 41.7% vs 79.5%, n = 12).29 In con‐
trast, our study showed higher seroprotection rates under therapy 
with glatiramer acetate after seasonal influenza vaccination (H1N1 
88.5%, H3N2 73.1%, B strain 80.8%, n = 26).

In patients receiving natalizumab, the antibody response to 
H3N2 was low compared to H1N1 and the B strain. It remains un‐
clear why seropositivity differs to that extent after vaccination. 
Previously published results on seasonal influenza vaccination in 
natalizumab‐treated patients have been contradictory, with a de‐
scribed immunoreaction comparable to that in healthy subjects on 
the one hand,37 but reduced H3N2 seroprotection rates (50.0% vs 
79.5%, n = 8) after vaccination on the other hand.29 The same study 
demonstrated seroprotection rates against H1N1 comparable to 
that of healthy controls (75.0% vs 71.2%, n = 8).29

Similar to natalizumab, antibody response to H3N2 in fingoli‐
mod‐treated patients was lower than to the other antigens, but this 
finding is limited by small size of this subgroup (n = 6). A placebo‐
controlled study showed that a sufficient immune response to the 
seasonal influenza vaccine under fingolimod is possible, but the re‐
sponse rate is lower than in untreated control groups.30

A previous study found comparable H1N1 seroprotection rates 
in 90 MS patients treated with IFN‐beta (88.0%), glatiramer acetate 
(91.3%), natalizumab (72.7%), or fingolimod (71.4%) 3 months after 
vaccination.32 In contrast, H3N2 seroprotection rates were lower 
compared to our study in case of IFN‐beta (44.0% vs 91.1%) and 
glatiramer acetate (26.1% vs 73.1%) therapy. One explanation for 
this difference might be that different H3N2 antigen strains were 
vaccinated (A/Victoria/361/2011 vs A/Perth/16/2009).

In our study, both seroprotection and seroconversion showed 
consistently higher antibody responses to all strains in patients with 
no previous switch of DMT. However, these results reached statis‐
tical significance only in some subgroups (see Tables 4 and 5). In our 
cohort, use of previous DMT, which can be interpreted as a sign of 
a more active disease in the individual patient’s history, seems to be 
a predictor for poor immune response but does not generally impli‐
cate failure of vaccination. Similar differences were seen regarding 
disease duration: overall, patients with a longer disease duration 
showed reduced antibody responses.

Generally, age, duration of disease, the current DMT, and pre‐
vious use of a different DMT might influence the vaccine response. 
However, these factors are not independent from each other and 
may influence therapeutic decisions. Moreover, immunosenescence 
alters the immune response without underlying disease as well.38 
Our data cannot clearly differentiate between age‐dependent alter‐
ations of the immune response and potential disease‐specific factors 
of the impaired immune response.

Multiple sclerosis disease activity (as measured by relapse rates 
and EDSS) was not increased during one year after vaccination. 
Vaccination was well tolerated overall. The rate of local and sys‐
temic AE was low compared to influenza vaccine approval studies 
(17.6% of MS subjects affected by AE vs 64.0% of healthy non‐el‐
derly adults).39 However, the lower rates of AE may be due to re‐
porting differences. This study relied on self‐reporting of events 

F I G U R E  1  Seroprotection rates 
against all three influenza strains (H1N1, 
N3N2, and B) before and after vaccination 
stratified by disease‐modifying drug

P < 0.001

P < 0.001

P = 0.480

P = 0.480

P = 0.041
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at follow‐up visits, whereas other studies asked subjects to report 
solicited and unsolicited events following vaccination daily, thereby 
reducing the risk of underreporting.

When comparing participants by sex, there was no statistically 
significant difference for baseline variables. The female:male sex 
ratio of 3:1 is similar to the higher share of women affected by mul‐
tiple sclerosis.40 A lower antibody response in males compared to 
females, shown in this study regarding antibody titers against H3N2, 
is a known feature of influenza vaccines.41

In line with a previous study, this study underlines good seropro‐
tection rates one month after influenza vaccination in a real‐life co‐
hort of MS patients, especially in those treated with interferons. It also 
demonstrates that an adequate immune reaction and good seropro‐
tection rates can be achieved under glatiramer acetate therapy. For a 
conclusive assessment of vaccination effects during natalizumab and 
fingolimod treatment, further studies are necessary since numbers of 
subjects were small, both in this study and a previous evaluation.32 
One must bear in mind that the detected antibody response only 
serves as a surrogate marker for protection against influenza infection.

This multicenter, not placebo‐controlled study covers data of 
more than 100 MS patients in a real‐world scenario. To achieve more 
reliable statistical results, higher numbers of participants are desir‐
able in general. Despite other studies in the context of vaccination 
and MS, this study contributes prospective results related to MS dis‐
ease activity and safety data for a follow‐up period of one year after 
vaccination. Due to the various subgroups of patients treated with 
different DMT and the use of different antigens for vaccination, an 
approach to statistical analysis of predictors of antibody response is 
challenging and complex.

Irrespective of the therapy, patients with a longer duration of 
the disease are particularly exposed to the risk of an insufficient 
immune response to vaccination. Otherwise, seasonal influenza 
immunization in MS is safe and well tolerated. Seasonal influenza 
vaccination thus should be attempted to achieve the best possible 
reductions in vaccination‐preventable morbidity, hospitalization, 
and mortality.
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