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ARTICLE INFO ABSTRACT
Keywords: Background: The current severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) pandemic has raised
Vaccine hesitancy awareness of vaccine hesitancy. Specific reasons for vaccine hesitancy among people with multiple sclerosis

Vaccine uptake
Multiple sclerosis
SARS-CoV-2

(pwMS) have not been fully described. Notably, pwMS may experience higher morbidity from vaccine-
preventable diseases such as influenza, pneumococcal disease, and human papillomavirus (HPV)-associated
o il . warts and malignancies. Furthermore, screening for immunity against measles, mumps and rubella (MMR) is not
‘uman papilloma virus
Measles mumps rubella standard practice, despite a resurgence of measles and mumps outbreaks in Europe and worldwide. We aimed to
Influenza evaluate general vaccination status among pwMS to better inform vaccine practices in this cohort.
Pneumococcal Methods: This was a prospective audit of pwMS attending an Irish tertiary referral MS centre. We designed a
questionnaire that explored awareness, uptake, and hesitancy for the influenza, pneumococcal, SARS-CoV-2,
HPV, and MMR vaccines. The clinician administered the questionnaire during the outpatient MS clinic.
Results: One-hundred-and-five pwMS participated in the audit, mean (SD) age 47.3 (12.8) years, mean MS disease
duration 14.1 (9.5) years, median Expanded Disability Severity Scale (EDSS) score 2.0 (IQR 1.0-6.0), forty-nine
(46.7%) were taking either maintenance immunosuppressive or immune reconstitution therapies. SARS-CoV-2
vaccine willingness among pwMS was higher (90.5 vs 60-80%) than that reported in other Western countries,
and higher than that for the influenza and pneumococcal vaccines (~80%) for which perceived unnecessity and
unfamiliarity respectively were the main limiting factors. The primary reason for SARS-CoV-2 vaccine hesitancy
was safety concern. PwWMS who were explicitly advised by a healthcare professional to obtain the influenza
vaccine were more likely to do so than those who were not (odds ratio, 8.1, 95% CI 2.8 — 23.4, p<0.001). Of
pwMS currently receiving B-cell therapy (ocrelizumab/rituximab, n=12), all but one (n=11, 91.7%) have never
received the pneumococcal vaccine, and a quarter (n=3) were uncertain whether to obtain this in the future.
Patient-reported uptake of HPV (1.0%) and MMR (51.4%) vaccines were suboptimal. Prevalence of vaccine
promotion among healthcare professionals was low (influenza vaccine, 4.8 — 32.4%; pneumococcal vaccine, 0 —
18.1%).
Conclusions: Vaccine hesitancy is common (10-20%) in pwMS, consequent to insufficient knowledge and mis-
conceptions about vaccination among pwMS and suboptimal vaccine promotion by healthcare professionals who
manage pwMS. Conscientious and context-specific vaccination counselling is necessary to tackle vaccine hesi-
tancy among pwMS, including (i) avoiding infection-associated disability accrual during MS relapses, (ii)
reducing the potentially higher risk of life-threatening/treatment-refractory complications that may be observed
in those who develop vaccine-preventable infections while receiving certain DMTs, and (iii) avoiding attenuated
vaccine responses or delayed/interrupted DMT with early pre-treatment vaccine delivery where possible.

1. Introduction Serrazina et al., 2021). The current severe acute respiratory
syndrome-coronavirus-2 (SARS-CoV-2) pandemic has raised awareness

Vaccine hesitancy is a threat to global public health (Health, 2019; of vaccine hesitancy (Boekel et al., 2021; Schwarzinger et al., 2021;
Boekel et al., 2021; Schwarzinger et al., 2021; Ehde et al., 2021; Ehde et al., 2021; Serrazina et al., 2021). Specific reasons for vaccine
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hesitancy among people with multiple sclerosis (pwMS) have not been
fully described. PwMS, particularly those on immunosuppressive
disease-modifying therapies (DMTs) and/or with severe disability, have
higher morbidity from vaccine-preventable infections, and MS relapses
with superimposed infection may cause more severe and sustained
disability than spontaneous ones (Reyes et al., 2020; Riva et al., 2021).
Firstly, while it is routine to screen for varicella zoster immunity and
cervical cytology/human papillomavirus (HPV) status before starting
immunosuppressive therapies in pwMS (Riva et al., 2021), screening for
immunity against measles, mumps and rubella (MMR) is not standard
practice; this is concerning given the resurgence of measles and mumps
outbreaks in Europe and worldwide, partly attributable to historical
missed MMR vaccine doses and waning vaccinal immunity (Reyes et al.,
2020; Yang et al., 2020). Secondly, pre-treatment HPV vaccination is not
routine despite emerging reports of HPV-associated cutaneous/anoge-
nital/oromucosal warts and malignancies, and cervical dysplasia, in
pwMS on fingolimod (Mhanna et al., 2021). Finally, the propensity for
respiratory tract infections in pwMS receiving B-cell-depleting therapies
suggests that obligatory pre-treatment pneumococcal vaccination may
well be warranted (Reyes et al., 2020).

The primary objective of this audit was to evaluate general vacci-
nation status in pwMS, particularly the promotion, awareness, uptake,
and hesitancy for the influenza, pneumococcal, SARS-CoV-2, HPV, and
MMR vaccines, to identify the relevance of these vaccinations to pwMS
to better inform vaccination practices for pwMS.

2. Methods

We performed a prospective audit of pwMS attending a tertiary
referral MS centre. This audit was approved by the Clinical Audit
Committee of the St. Vincent’s Healthcare Group, Dublin. We designed a
questionnaire that consisted of dichotomous (yes/no) and open-ended
questions and explored promotion, awareness, uptake, and hesitancy
for the influenza, pneumococcal, SARS-CoV-2, HPV, and MMR vaccines.
The clinician administered the questionnaire during the outpatient
clinic consultation.

At time of data collection (13™ January to 31% March 2021), the Irish
Department of Health was beginning the SARS-CoV-2 vaccine rollout
during which the following groups were prioritised: frontline healthcare
workers, people aged over 70 years, and residents and staff at long-term
residential care facilities (Department of Health 2021). Meanwhile, the
Irish national immunisation programme for the influenza, pneumo-
coccal, HPV and MMR vaccines is as follows - (i) influenza vaccine: to be
administered annually to at-risk groups, including and not limited to
persons with chronic neurological disease (Health Service Executive
2021a); (ii) pneumococcal polysaccharide vaccine: to be administered at
least once to those aged 65 years or older and those aged 2 years and
over with long-term medical conditions including chronic neurological
disease (Health Service Executive 2021b); (iii) HPV vaccine, first
introduced in Ireland in 2010 to be administered to girls in first year of
secondary school (roughly age 11-12 years), and since 2019 to be
administered to both boys and girls in first year of secondary school
(Health Service Executive 2021c); (iv) MMR vaccine, introduced in
Ireland in 1988, to be administered to children at age 12 months and at
4-5 years (Health Service Executive 2021d).

Statistical analysis was performed using SPSS version 26. Normality
of data was assessed using the Shapiro-Wilk test. We used the
independent-samples t-test to assess differences in age and disease
duration between vaccination groups, and similarly the Mann-Whitney-
U test to assess differences in EDSS between these groups. We used the
chi-square test to determine relationships between sex and vaccination
categories, and vaccination categories with each other. A significance
level of 0.05 was used.
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3. Results

One-hundred-and-five pwMS participated in the audit; clinical and
demographic characteristics of the cohort are shown in Table 1.

3.1. Influenza vaccine

Two-thirds (n=67, 63.8%) received the influenza vaccine within the
past year; these pwMS had longer disease duration (mean 15.8 vs 11.2
years, p=0.009, 95% confidence interval, CI 1.1 - 8.0) and higher
disability (median EDSS 2.0 vs 1.5, p=0.038) compared to those who did
not receive the influenza vaccine. PwMS who were explicitly advised by
a healthcare professional to obtain the influenza vaccine were more
likely to do so than those who were not (odds ratio, OR 8.1, 95% CI 2.8 —
23.4, p<0.001). One-fifth (n=21, 20.0%) expressed hesitancy for the
influenza vaccine. Of those who did not receive the influenza vaccine
during the past year, the most common (n=19, 50.0%) reason was
perceived lack of necessity (Table 2).

3.2. Pneumococcal vaccine

Promotion of the pneumococcal vaccine by healthcare professionals
for pwMS was suboptimal (Table 2), and two-thirds (n=37, 63.8%) re-
ported never having heard of the pneumococcal vaccine. Nineteen
(18.1%) had obtained the pneumococcal vaccine — these pwMS were
older (mean 55.4 vs 45.6 years, p=0.002, 95% CI 3.6 — 16.0) and more
likely to be female (OR 4.6, 95% CI 1.0 - 21.1, p=0.037). PWMS who
were explicitly advised by a healthcare professional to obtain the
pneumococcal vaccine were more likely to do so than those who were
not (OR 76.9, 95% CI 17.3 — 341.5, p<0.001). One-fifth (n=22, 21%)
expressed hesitancy for the pneumococcal vaccine; the most common
(n=12, 54.5%) reason was insufficient knowledge about the pneumo-
coccal vaccine. Of pwMS currently receiving B-cell therapy (ocrelizu-
mab/rituximab, n=12), all but one (n=11, 91.7%) have never received
the pneumococcal vaccine, and a quarter (n=3) were unwilling/uncer-
tain whether to obtain this in the future.

3.3. SARS-CoV-2 vaccine
At time of data collection (1 3th January to 31% March 2021), only

one pwMS (also a healthcare worker) had received the SARS-CoV-2
vaccine (healthcare professionals were prioritised during the initial

Table 1

Clinical and demographic characteristics of the study population.
Age, years, mean (SD) 47.3 (12.8)
Female, n (%) 73 (69.5)
Type of MS
Relapsing, n (%) 74 (70.5)
Progressive, n (%) 31 (29.5)
Time since MS diagnosis, years, mean (SD) 14.1 (9.5)
EDSS score, median (IQR) 2.0 (1.0-6.0)
Disease-modifying therapy use, n (%)
Immune reconstitution therapies 8(7.6)
Cladribine 5(4.8)
Alemtuzumab 2 (1.9
Autologous stem cell transplantation 1(1.0)
Second-line therapies 41 (39.0)
Fingolimod 15 (14.3)
Natalizumab 14 (13.3)
Rituximab 7 (6.7)
Ocrelizumab 5(4.8)
First-line therapies 33 (31.4)
First-line injectables 21 (20.0)
Dimethyl fumarate 11 (10.5)

Teriflunomide 1(1.0)

None 23 (21.9)

SD, standard deviation; MS, multiple sclerosis; EDSS, expanded disability
severity scale, IQR, interquartile range.
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Table 2
Vaccine promotion, uptake and hesitancy reported by people with multiple sclerosis.
Influenza Pneumococcal SARS-CoV-2 HPV MMR
Vaccine uptake
Received vaccine n (%) 67" (63.8) 19 (18.1) 1(1.0) 1 55
(1.0) (51.49)

Advised to get vaccine by:

GP n (%) 34 (32.4) 19 (18.1) nd nd nd

MS Nurse n (%) 4(4.8) 0(0) nd nd nd

MS Doctor n (%) 7 (6.7) 0(0) nd nd nd

Vaccine promotion

Heard of the vaccine n (%) nd 38 (36.2) nd nd nd

Felt vaccine was accessible 99 (94.3) 85 (81.0) 84 (80.0) nd nd
n (%)

Vaccine hesitancy

Unwilling/uncertain
whether to get vaccine:

of all pwMS n (%) 21 (20.0) 22 (21.0) 10 (9.5) nd nd

of those who have not 192 (50.0) 22 (25.6) 10 (9.6) nd nd
received it n (%)

Uncertain about 7 (6.7) 24 (22.9) 11 (10.5) nd nd
effectiveness n (%)

Uncertain about safety for 8(7.6) 24 (22.9) 12 (11.4) nd nd
pwMS n (%)

Uncertain about safety for 4 (3.8) 21 (20.0) 6 (5.7) nd nd
general population n (%)

Uncertain about necessity n 15 (14.3) 23 (21.9) 7 (6.7) nd nd
(%)

Verbatim reasons for “Don’t need it” 10 (47.6); “Personally/ “Don’t know much about it” 12 (54.5); “May not be safe” 4 (40.0); “Not nd nd

know someone who suffered side
effects” 6 (28.6); “Don’t get sick often” 2
(9.5); “May worsen MS” 2 (9.5);
“Vaccines cause problems” 1 (4.8).

vaccine hesitancy among
pwMS unwilling/
uncertain whether to get
vaccine n (%)

“Don’t get sick often” 4 (18.2); “Don’t
need it” 2 (9.2); “May worsen MS” 1 (4.5);
“May not be safe for pwMS” 1 (4.5);
“Know someone who got sick despite

enough known about it” 2 (20.0); “Not
tested in MS” 1 (10.0); “May cause MS
relapse” 1 (10.0); “Will not work” 1
(10.0); “Currently pregnant” 1 (10.0).

vaccine" 1 (4.5); “Vaccines cause
problems” 1 (4.5).

a

in the past year; SARS-CoV-2, severe acute respiratory syndrome-coronavirus-2; HPV, human papillomavirus; MMR, measles mumps rubella; nd, not determined;

GP, general practitioner; MS, multiple sclerosis; pwMS, people with MS; DMT, disease-modifying therapy.

phase of the vaccine rollout in Ireland). Hesitancy for the SARS-CoV-2
vaccine was reported by ten (9.5%) pwMS, approximately half that for
the influenza and pneumococcal vaccines. The most common (n=4,
40.0%) reason for SARS-CoV-2 vaccine hesitancy was perceived safety
concern (Table 2). PwMS willing to obtain the SARS-CoV-2 vaccine had
higher disability (median EDSS 2.0 vs 1.5, p=0.035) compared to those
hesitant, and no significant differences were observed in age, sex, MS
disease duration, and DMT use, between the two groups. PwMS hesitant
for the influenza vaccine were more likely to also be hesitant about
receiving the SARS-CoV-2 vaccine (OR 20.5, CI 3.9 - 109.0, p<0.001).

3.4. HPV vaccine

Only one pwMS had obtained the HPV vaccine, albeit for a separate
reason unrelated to MS (patient was administered the HPV vaccine in
addition to colposcopy and cervical biopsy upon discovery of high-grade
cervical dysplasia).

3.5. MMR vaccine

Around half (n=51, 48.6%) reported that they did not receive or
were uncertain about having received the MMR vaccine during child-
hood. The proportion of pwMS who reported that they never had or were
uncertain about having had prior measles, mumps, or rubella infection
were 56.2% (n=59), 73.3% (n=77) and 91.4% (n=96) respectively.

4. Discussion

We showed that vaccine hesitancy is common (10-20%) among
pwMS, consistent with previous findings (Health, 2019; Boekel et al.,
2021; Schwarzinger et al., 2021; Ehde et al., 2021; Serrazina et al.,
2021), and consequent to insufficient knowledge and misconceptions

about vaccination (Table 2). Interestingly, SARS-CoV-2 vaccine will-
ingness in our Irish cohort is notably higher (91.5%) than that reported
elsewhere (60-80%) (Boekel et al., 2021; Schwarzinger et al., 2021;
Ehde et al., 2021; Serrazina et al., 2021), and higher than that for the
influenza and pneumococcal vaccines for which perceived unnecessity
and unfamiliarity respectively were the main limiting factors. One
possible explanation is the persistent reinforcement by public health
messaging of its health, societal and economic benefits immediately and
directly relevant to them (i.e., prevent severe SARS-CoV-2 illness and
reduce viral transmission thereby enabling easing of social restrictions
and a more rapid return to “normality”). Additionally, the SARS-CoV-2
pandemic may have been perceived by pwMS as a more acute and
ubiquitous threat compared to influenza and pneumococcal disease.
Taken together, these findings demonstrate the potentially large impact
on vaccine uptake that may be had with dedicated patient education by
healthcare professionals on the direct relevance of vaccination to pwMS
(Health, 2019; Boekel et al., 2021; Ehde et al., 2021; Serrazina et al.,
2021).

This audit revealed a low prevalence of vaccine promotion among
healthcare professionals (influenza vaccine, 4.8 — 32.4%; pneumococcal
vaccine, 0 — 18.1%). The clinical significance of promoting vaccinations
for pwMS was likely under-appreciated among healthcare professionals
and therefore under-performed, however, these findings may also be
subject to patient recall bias. Nonetheless, training of healthcare pro-
fessionals to promote vaccinations effectively and rigorously among
pwMS is warranted. Moreover, we showed that uptake for the SARS-
CoV-2, pneumococcal and HPV vaccines was particularly low
(Table 2). Whilst the minimal uptake of the SARS-CoV-2 vaccine may be
explained by the very early stage of vaccine rollout in Ireland at time of
data collection (Department of Health 2021), the suboptimal uptake of
the pneumococcal vaccine among pwMS likely resulted from healthcare
professionals restricting promotion of this vaccine to older (e.g., >65



S.M. Yap et al.

years) and/or more severely disabled individuals without recognising its
relevance to all pwMS (i.e,, increased morbidity with
vaccine-preventable infections developed on immunosuppressive DMTs
and increased disability accrual with infection-associated relapses)
(Reyes et al., 2020). Meanwhile, HPV vaccine uptake was poor because
this vaccine was introduced in Ireland merely a decade ago and largely
recommended for 11 to 12-year-olds (Health Service Executive 2021c);
this finding highlights the stark absence of adequate immunity against
HPV (Mariani and Venuti, 2010) among the current generation of pwMS
who may be at risk of vaccine-preventable HPV-associated warts and
cancers that may develop with DMT use, especially with fingolimod, and
raises the question of whether pwMS should undergo obligatory HPV
vaccinations before commencing certain DMTs. Certainly, the efficacy
and cost-effectiveness of obligatory HPV and pneumococcal vaccina-
tions before commencing fingolimod and B-cell therapies respectively
should be further explored in large-scale studies (Riva et al., 2021).

Importantly, we showed that pwMS who were advised by a health-
care professional to obtain the influenza or pneumococcal vaccines were
more likely to do so than those who were not. Physician advice has been
shown to be the most important predictor of vaccine acceptance
(Health, 2019). We suggest context-specific vaccination counselling for
pwMS, namely (i) avoiding infection-associated additional disability
accrual during MS relapses (Reyes et al., 2020); (ii) reducing the
potentially higher risk of life-threatening/treatment-refractory compli-
cations (e.g., measles encephalitis, mumps meningi-
tis/orchitis/oophoritis, HPV-associated chronic warts and malignancies)
(Yang et al., 2020; Mhanna et al., 2021) that may be observed in those
who develop vaccine-preventable infections while receiving certain
DMTs; and (iii) avoiding attenuated vaccine responses or delaye-
d/interrupted DMT with early pre-treatment vaccine delivery where
possible (Riva et al., 2021). Moreover, effective vaccine promotion
messaging should be delivered simply without medical jargon, with
misconceptions corrected in a timely manner and supported by scientific
evidence (Volpp et al., 2021).

This audit has several limitations. Firstly, our results were
confounded by patient recall bias and the inability to objectively
confirm patient reports because documentation of immunisation was
not readily available. This is especially relevant regarding childhood
MMR vaccination: half of pwMS in our cohort did not receive or were
uncertain of having received the MMR vaccine. Consequently, screening
for anti-measles and anti-mumps antibodies at MS diagnosis with sub-
sequent MMR vaccination where inadequate immunity is found (Reyes
et al., 2020; Riva et al., 2021), may be considered. Additionally, an
electronic immunisation registry is recommended, and artificial intelli-
gence immunisation information systems (Atkinson et al., 2020) hold
promising potential for tackling vaccine hesitancy. Secondly, the pro-
spective nature of data collection may have led to a social desirability
bias regarding selection of participants. Thirdly, we did not collect data
about hesitancy for the HPV and MMR vaccines because administration
of these vaccines prior to DMT commencement is currently not widely
performed and enquiry about willingness to obtain these vaccines for
MS-related reasons might have caused undue confusion among pwMS.
Nevertheless, it would be useful to know whether pwMS will accept HPV
and MMR vaccines for MS-related reasons - this data should be collected
as part of recommendations for further work, including a re-audit of this
patient cohort after 12 months of vaccination counselling in the
outpatient MS clinic. Finally, we did not use a validated vaccine
acceptance questionnaire because most of these established scales have
focussed on parental attitudes towards childhood vaccination (Larson
et al., 2015; de Figueiredo et al., 2020; Akel et al., 2021) and recent
large-scale vaccine hesitancy studies have used modified versions of
established scales to, firstly, reflect vaccination attitudes of adults; and
secondly, to answer study-specific questions (de Figueiredo et al., 2020;
Akel et al., 2021; Helmkamp et al., 2021; Kumari et al., 2021; Ogilvie
et al., 2021; Lazarus et al., 2021). Moreover, our questionnaire items
encompass the three main reasons for vaccine hesitancy: motivation
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about health and prevention; risk/benefit of vaccines, and communi-
cation environment (Larson et al., 2015).

In conclusion, this prospective audit of 105 pwMS revealed subop-
timal levels of vaccine uptake and willingness among pwMS and inad-
equate vaccine promotion by healthcare professionals, although it was
also found that vaccine willingness was higher in pwMS who were
explicitly advised by a healthcare professional to obtain the vaccine
compared to those who were not. Consistent and context-specific
vaccination counselling is necessary to tackle vaccine hesitancy among
pwMS. Meanwhile, the appropriateness of obligatory vaccine delivery at
MS diagnosis/pre-treatment should be further elucidated.

Data availability statement

Anonymised data will be shared on request with any suitably qual-
ified investigator.

CRediT authorship contribution statement

Siew Mei Yap: Conceptualization, Project administration, Investi-
gation, Formal analysis, Writing — original draft, Writing — review &
editing. Mahmood Al Hinai: Investigation, Writing — review & editing.
Maria Gaughan: Writing - review & editing. Ian Callanan: Resources,
Supervision, Writing — review & editing. Hugh Kearney: Conceptuali-
zation, Supervision, Writing — review & editing. Niall Tubridy:
Conceptualization, Writing — review & editing. Christopher McGuigan:
Conceptualization, Supervision, Writing — review & editing.

Declaration of Competing Interest

SMY received research support from Novartis. NT received research
support from Novartis. CMG received research support from Biogen,
Novartis, and Roche. MAH, MG, IC, and HK declare that there is no
conflict of interest.

Acknowledgements

We would like to acknowledge Novartis for providing the funding for
this study as part of SMY’s clinical research fellowship. Novartis did not
have any input into the conceptualisation and design of this study, nor
the analysis of the results.

References

Health, The Lancet Child Adolescent, 2019 May. Vaccine hesitancy: a generation at risk.
Lancet Child Adolesc. Health 3 (5), 281.

Boekel, L, Hooijberg, F, van Kempen, ZLE, et al., 2021 Apr;. Perspective of patients with
autoimmune diseases on COVID-19 vaccination. Lancet Rheumatol. 3 (4),
e241-e243.

Schwarzinger, M, Watson, V, Arwidson, P, Alla, F, Luchini, S, 2021 Apr;. COVID-19
vaccine hesitancy in a representative working-age population in France: a survey
experiment based on vaccine characteristics. Lancet Public Health 6 (4), e210-e221.

Ehde, DM, Roberts, MK, Herring, TE, Alschuler, KN., 2021 Jan. Willingness to obtain
COVID-19 vaccination in adults with multiple sclerosis in the United States. Mult.
Scler. Relat. Disord. 49, 102788.

Serrazina, F, Sobral, Pinho A, Cabral, G, Salavisa, M, Correia, AS, 2021 Mar. Willingness
to be vaccinated against COVID-19: an exploratory online survey in a Portuguese
cohort of multiple sclerosis patients. Mult. Scler. Relat. Disord. 51, 102880.

Reyes, S, Ramsay, M, Ladhani, S, et al., 2020 Dec; 20. Protecting people with multiple
sclerosis through vaccination. Pract. Neurol. (6), 435-445.

Riva, A, Barcella, V, Benatti, SV, et al., 2021 Mar; 27. Vaccinations in patients with
multiple sclerosis: a Delphi consensus statement. Mult. Scler. (3), 347-359.

Yang, L, Grenfell, BT, Mina, MJ., 2020 Feb. Waning immunity and re-emergence of
measles and mumps in the vaccine era. Curr. Opin. Virol. 40, 48-54.

Mhanna, E, Nouchi, A, Louapre, C, et al., 2021 Feb 25. Human papillomavirus lesions in
16 MS patients treated with fingolimod: outcomes and vaccination. Mult. Scler.,
1352458521991433

Department of Health. Update on COVID-19 vaccine deliveries —~10 March 2021. https
://www.gov.ie/en/press-release/94db0-update-on-covid-19-vaccine-deliveries
-10-march-2021/ (accessed 14 June 2021).

Health Service Executive. Flu. 2021a https://www.hse.ie/eng/health/immunisation/pu
binfo/adult/fluva/ (accessed 14 June 2021).


http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0001
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0001
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0002
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0002
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0002
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0003
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0003
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0003
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0004
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0004
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0004
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0005
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0005
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0005
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0006
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0006
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0007
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0007
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0008
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0008
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0009
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0009
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0009
https://www.gov.ie/en/press-release/94db0-update-on-covid-19-vaccine-deliveries-10-march-2021/
https://www.gov.ie/en/press-release/94db0-update-on-covid-19-vaccine-deliveries-10-march-2021/
https://www.gov.ie/en/press-release/94db0-update-on-covid-19-vaccine-deliveries-10-march-2021/
https://www.hse.ie/eng/health/immunisation/pubinfo/adult/fluva/
https://www.hse.ie/eng/health/immunisation/pubinfo/adult/fluva/

S.M. Yap et al.

Health Service Executive. Pneumococcal Disease. 2021b https://www.hse.ie/eng/health
/immunisation/pubinfo/adult/pneumo/ (accessed 14 June 2021).

Health Service Executive. HPV vaccination programme. 2021c https://www.hse.ie/
eng/health/immunisation/pubinfo/schoolprog/hpv/hpv-vaccination-programm
e/hpv-vaccination-programme.html (accessed 14 June 2021).

Health Service Executive. Measles, mumps and rubella. 2021d https://www.hse.ie/
eng/health/immunisation/pubinfo/pcischedule/vpds/mmr/ (accessed 14 June
2021).

Mariani, L, Venuti, A., 2010 Oct. HPV vaccine: an overview of immune response, clinical
protection, and new approaches for the future. J. Transl. Med. 27 (8), 105.

Volpp, KG, Loewenstein, G, Buttenheim, AM., 2021 Jan. Behaviorally informed strategies
for a national COVID-19 vaccine promotion program. JAMA 325 (2), 125-126.

Atkinson, KM, Mithani, SS, Bell, C, Rubens-Augustson, T, Wilson, K, 2020 Oct. The
digital immunization system of the future: imagining a patient-centric, interoperable
immunization information system. Ther. Adv. Vaccines Immunother. 8,
2515135520967203.

Larson, HJ, Jarrett, C, Schulz, WS, et al., 2015 Aug. SAGE working group on vaccine
hesitancy. Measuring vaccine hesitancy: The development of a survey tool. Vaccine
33 (34), 4165-4175.

Multiple Sclerosis and Related Disorders 56 (2021) 103236

de Figueiredo, A, Simas, C, Karafillakis, E, Paterson, P, Larson, HJ, 2020 Sep. Mapping
global trends in vaccine confidence and investigating barriers to vaccine uptake: a
large-scale retrospective temporal modelling study. Lancet 396 (10255), 898-908.

Akel, KB, Masters, NB, Shih, SF, Lu, Y, Wagner, AL, 2021 Mar. Modification of a vaccine
hesitancy scale for use in adult vaccinations in the United States and China. Hum.
Vaccin. Immunother. 26, 1-8.

Helmkamp, LJ, Szilagyi, PG, Zimet, G, et al., 2021 Mar. A validated modification of the
vaccine hesitancy scale for childhood, influenza and HPV vaccines. Vaccine 39 (13),
1831-1839.

Kumari, A, Ranjan, P, Chopra, S, et al., 2021 May-Jun. Development and validation of a
questionnaire to assess knowledge, attitude, practices, and concerns regarding
COVID-19 vaccination among the general population. Diabetes Metab. Syndr. 15 (3),
919-925.

Ogilvie, GS, Gordon, S, Smith, LW, et al., 2021 May. Intention to receive a COVID-19
vaccine: results from a population-based survey in Canada. BMC Public Health 21
(1), 1017.

Lazarus, JV, Ratzan, SC, Palayew, A, et al., 2021 Feb. A global survey of potential
acceptance of a COVID-19 vaccine. Nat. Med. 27 (2), 225-228.


https://www.hse.ie/eng/health/immunisation/pubinfo/adult/pneumo/
https://www.hse.ie/eng/health/immunisation/pubinfo/adult/pneumo/
https://www.hse.ie/eng/health/immunisation/pubinfo/schoolprog/hpv/hpv-vaccination-programme/hpv-vaccination-programme.html
https://www.hse.ie/eng/health/immunisation/pubinfo/schoolprog/hpv/hpv-vaccination-programme/hpv-vaccination-programme.html
https://www.hse.ie/eng/health/immunisation/pubinfo/schoolprog/hpv/hpv-vaccination-programme/hpv-vaccination-programme.html
https://www.hse.ie/eng/health/immunisation/pubinfo/pcischedule/vpds/mmr/
https://www.hse.ie/eng/health/immunisation/pubinfo/pcischedule/vpds/mmr/
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0015
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0015
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0016
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0016
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0017
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0017
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0017
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0017
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0018
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0018
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0018
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0019
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0019
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0019
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0020
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0020
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0020
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0021
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0021
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0021
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0022
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0022
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0022
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0022
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0023
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0023
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0023
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0024
http://refhub.elsevier.com/S2211-0348(21)00503-4/sbref0024

