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Abstract

Objectives

The aims of this study were to a) assess knowledge of official vaccination recommendations and
attitudes towards vaccinations among adults and b) examine their association with vaccination uptake
among adults.

Methods

This study was part of the HaBIDS study (Hygiene and Behaviour Infectious Diseases Survey), which
is an online panel established in March 2014 in Lower Saxony, Germany with males and females aged
between 15 and 69 years (n=2379). Every few months, participants completed questionnaires on
different aspects of infectious diseases. In September 2014, knowledge of vaccination
recommendations, attitudes towards vaccinations and information on uptake of vaccinations in the last
10 years (practice) were collected using a knowledge-attitude-practice (KAP) questionnaire. Multiple
correspondence analysis was applied to identify underlying structures in each KAP domain and
fractional polynomial regression analysis to examine the associations of knowledge and attitudes with
vaccination uptake.

Results

Of the 2379 panel members, 1698 (71%) completed the KAP questionnaire on vaccinations. The
majority of participants (80%) knew that the vaccine against diphtheria and tetanus should be
administered every 10 years. Regarding other recommendations, the proportion of correct answers
varied between 35% and 60%. 82% of participants agreed that adult vaccinations should be
mandatory for selected groups such as health care workers and 40% stated that vaccinations should
be mandatory for all adults. For the different vaccines, the odds of being unvaccinated were 1.5- to 5-
times higher among participants with poor knowledge of vaccination recommendations compared to
participants with good knowledge. Participants with negative attitudes towards vaccinations were also
more likely to be unvaccinated.

Conclusions

Efforts should be undertaken to improve knowledge of official vaccination recommendations in the
general population and reduce common misconceptions about vaccinations. This information can be

provided during general practitioner visits or through media campaigns.
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Introduction

Adult vaccinations recommended by the German Standing Committee on Vaccination (STIKO) of the
Robert Koch Institute (RKI) can be divided into two broad groups; 1) those for the general population
and 2) those for specific risk groups such as individuals with underlying chronic diseases (e.g.
pneumococcal vaccination for individuals with diabetes mellitus, chronic heart or lung disease or
immune compromised individuals), individuals with occupational risks (e.g. varicella vaccination for

health care workers) or travellers in high endemic regions (e.g. vaccination against meningococcal

infection for Hajj travellers) [1]. In addition to general recommendations, there are specific
recommendations regarding booster vaccination and catch up programs. Regular booster doses

against diphtheria and tetanus are recommended every 10 years for adults in the general population

[1]. A single booster dose of pertussis vaccination is recommended since 2009 for all adults and
should be administered with the next diphtheria and tetanus vaccination. There is a recommendation
for measles, mumps and rubella vaccination for individuals born after 1970 and not vaccinated
previously. There is also a recommendation for administering inactivated polio vaccine for adults who
were previously not vaccinated or vaccinated incompletely. The STIKO recommends annual
vaccinations against seasonal influenza infection and vaccination against pneumococcal infection for
individuals over 60 years of age.

Available estimates of vaccination coverage among adults show that they are lower than coverage

estimates among children in Germany [2;3]; the highest coverage was reported for tetanus vaccination

(70-75%) and the lowest for pertussis vaccination (8%). In contrast, the coverage of tetanus and

pertussis vaccinations for German children is >90% [4]. It is not well known which factors lead to a
poor vaccination status of German adults. Decision to be vaccinated is a complex process influenced
by many factors: contextual influences, individual and group influences as well as vaccine/vaccination-
specific influences [5]. Understanding these influences may help to develop tailored interventions to
improve vaccination coverage in the general adult population. Nichter has differentiated active demand
for vaccinations (adherence by an informed public) from passive acceptance of vaccinations
(compliance by a public which yields to recommendations and social pressure) [6]. Jarrett et al.

reported in a systematic review that the interventions with the largest observed increases (>25%) in

vaccine uptake were those that aimed to increase vaccination knowledge and awareness [7]. In

studies of parents’ choice to get their children vaccinated, this choice was often based on conformity
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or following what is recommended [8]. Knowledge of current vaccination recommendations is, thus,

important in increasing vaccine uptake. This association has already been shown for influenza
vaccination in Austria and the United States [9;10]. Betsch et al. found out that knowledge seems to be
an indirect driver of vaccination intentions [11].

A few available studies in Germany examined the effect of socioeconomic factors on selected

vaccinations among adults. For example, Bodeker et al. demonstrated age-, sex- and regional

differences in coverage of tetanus, pertussis and influenza vaccinations [2]. In addition, B6hmer et al.

showed that individuals with a lower socioeconomic status, those with a migration history and those

not caring about personal health were less likely to be vaccinated against tetanus and influenza [12].
Recently, Klett-Tammen et al. showed that uptake of influenza vaccination among older German
individuals was associated with attitudes towards vaccinations (perceived importance of the influenza

vaccination, vaccination due to recommendation by physician or family member), whereas

pneumococcal vaccination was associated with the knowledge of vaccination recommendation [13]. In
this study, attitudes towards one vaccine did not influence uptake of other vaccines. In contrast to
other studies in Germany, which dealt with single or a few vaccinations and included only specific
population groups such as the elderly, the present study provides a more complete picture including a
broad range of vaccinations recommended for the general adult population. The study focuses on
influences arising from personal perception of vaccines, particularly knowledge and attitudes. Thus,
the aims of the study were to a) assess knowledge of official vaccination recommendations and
attitudes towards vaccinations among adults and b) examine their association with adult’s vaccination

uptake.

Materials and Methods

Study design and sampling

This study was part of the HaBIDS study (Hygiene and Behaviour Infectious Diseases Survey), which
is a longitudinal online panel aiming to assess hygiene practices and behaviour regarding various

infectious diseases in the federal state of Lower Saxony, Germany. The detailed description of the

applied methodology is presented elsewhere [14;15]. In brief, around 27,000 males and females
between 15 and 69 years of age were invited to participate in the panel. Potential participants were

randomly selected from the population registries in urban (Braunschweig, Salzgitter and Wolfenbdittel)
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and rural areas (Vechta) and invited to participate in the panel between January and April 2014. Each
month, participants complete questionnaires on different aspects of infectious diseases. Individuals
were given an opportunity to select between two modes of participation (web- or paper-based) in
Braunschweig and Vechta while in Wolfenblittel and Salzgitter only a web-based participation was
offered. The participants who selected web-based approach received monthly a total of nine
questionnaires on different topics between March and November 2014. The participants of the paper-
based approach received two longer questionnaires covering the themes of the nine online
questionnaires. The 2379 individuals who had consented to participate in the panel (8.9% initial
response rate) received the questionnaire on adult vaccinations in September 2014. Seventy one

percent of the panel members (n = 1698) returned this questionnaire.

KAP questionnaire on adult vaccinations

The questionnaire on adult vaccinations was designed as a knowledge-attitude-practice (KAP) survey.

The questions were developed for the study aims or adapted from the literature [16]. Knowledge of
official recommendations on adult vaccinations was assessed by six statements (true as well as false
statements) with three answer options: ‘true, ‘untrue’ and ‘don’t know’. We used different questions to

assess the attitudes towards vaccinations. First we asked about attitudes towards tetanus and

influenza vaccination because these two vaccines are known to be perceived differently [17]. The
following three questions were used: ‘What is your general attitude towards vaccinations?’, ‘What is
your attitude towards vaccination against tetanus?’ and ‘What is your attitude towards vaccination
against influenza?’ with five response options: ‘supportive’, ‘slightly supportive’, ‘slightly negative’,
‘negative’ and ‘don’t know’. In addition, eight items were used to assess various attitude aspects with
five categories (‘strongly agree’, ‘agree’, ‘disagree’, ‘strongly disagree’, and ‘don’t know’). Uptake of
vaccinations (practice domain) was assessed for each of the following vaccinations: diphtheria,
tetanus, pertussis, poliomyelitis, hepatitis B and pneumococcus by the question ‘Were you vaccinated
against the following infectious diseases in the last 10 years?’ with three answer possibilities for each

vaccination (‘yes’, ‘no’ and ‘don’t know’).

Socio-demographic and health-related data



Basic socio-demographic data (e.g. sex, age, education level, and country of birth) and health-related
data (e.g. perceived health status) were collected using a questionnaire applied within the panel on a

separate occasion.

Statistical analysis

Initially, we calculated the proportion of correct answers on each knowledge item and proportion of
positive attitudes towards vaccinations by 10-year age groups. Next, we estimated the proportion of
participants vaccinated in the last 10 years for each of the six vaccines (i.e. diphtheria, tetanus,
pertussis, poliomyelitis, hepatitis B and pneumococcus) stratified by sex and 10-year age groups. We
applied sample weights to obtain state representative estimates for the federal state of Lower Saxony

by using the distribution in the federal state with respect to sex, age and education. The latter data

were obtained from the Federal Statistical Office [18]. Furthermore, we applied multiple
correspondence analysis (MCA) to identify the relationship of qualitative variables in each of the three
KAP domains (i.e. knowledge about official vaccination recommendations for adults [six items],
attitudes towards vaccinations [eight items] and uptake of vaccinations in the last 10 years [six items]).

MCA is a statistical technique used to examine the relationship pattern of several nominal variables

[19]. We presented biplots of the first two dimensions to graphically assess the relationship across the
examined variables; the relative position of the respective categories on the biplots indicates the
relationship across the categories. Only a few variables contributed to the second dimensions in the
knowledge and attitudes domains (Supplementary Fig. 1A and 1B). We thus used only the first
dimensions for further analyses. In the practice domain (vaccination uptake) there was evidence of
two-dimensionality, however, all six vaccinations contributed strongly to the first dimension
(Supplementary Fig. 1C). We thus used the first dimension for further analysis as an indicator of
practice in relation to vaccination. In case of the knowledge and attitude scores, the lower values
represent poorer knowledge and less positive attitudes. With respect to the knowledge score,
participants were divided into tertiles, i.e. ‘poor’, ‘medium’ and ‘good knowledge’. Similarly, based on
the attitude score participants were divided into tertiles, i.e. ‘negative’, ‘neutral’ and ‘positive attitudes’.
With respect to the practice score, participants were divided arbitrarily into three (unequal) groups,
‘poor’, ‘good’ and ‘unknown’ (Supplementary table 1). In the next step, we performed multivariable
fractional polynomial regression analysis to examine the associations of knowledge and attitudes with

individual’s vaccination uptake. For each of the six vaccinations, a separate regression model was
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created, adjusted for sex, age, education level, and country of birth. The dependent variables were
vaccinations for diphtheria, tetanus, pertussis, poliomyelitis, hepatitis B and pneumococcus. The
category ‘don’t know’ was removed from the analysis because we were interested in differences
between those vaccinated and unvaccinated. In addition, a separate logistic regression model was
created with the dependent variable ‘practice in relation to vaccination’ received from MCA. The
analysis was conducted with the statistical programmes Stata, version 12 (StataCorp LP, Texas, USA)

and the R Foundation for Statistical Computing, version 3.3.2 (https://www.r-project.org). The R

package ‘FactoMineR’ was used for MCA [20].

Ethical approval
The study was approved by the Ethics Committee of the Hannover Medical School (No. 2021-2013)
and by the Federal Commissioner for Data Protection and Freedom of Information, Germany. Each

participant provided written informed consent before entering the study.

Results

Description of the sample

Of the 2379 panel members, 1698 (71%) completed the KAP questionnaire on vaccinations. Among
these participants, the proportion of females was higher than of males (Table 1). Approx. 95% of
participants were born in Germany and approx. 94% reported having a vaccination card. There were
some differences in sociodemographic characteristics between males and females; e.g. there was a
higher proportion of males than females with a university degree (Table 1, X?°=40.369, df=3,

p<0.0001).

Table 1. Sociodemographic and health-related characteristics of the study population, by sex,

unweighted percentage

Characteristics Female Male Total
(n=1023) (n=668) (n=1698)*
Age groups
15-19 years 4.0 3.2 BIo
20-29 years 12.9 12.8 12.9
30-39 years 13.3 16.1 15.0
40-49 years 20.5 25.0 23.2
50-59 years 25.3 24.5 24.8
60-69 years 24.0 18.3 20.5
Education level
Lower secondary education or apprenticeship 34.9 22.4 30.0
Still at upper secondary school 1.8 3.2 2.3
University entrance qualification (upper secondary 27.2 25.6 26.6



https://www.r-project.org/

education

or vocational school)

University degree 36.1 48.9 41.1
Marital status

Single 27.0 30.9 28.6

Married 59.8 62.0 60.7

Divorced 9.8 6.1 8.4

Widowed 3.3 0.9 2.3
Country of birth

Germany 95.1 95.1 95.1

Other 4.9 4.9 4.9
Self-perceived health status

Poor 0.4 0.9 0.6

Fair 8.9 9.3 9.0

Good 51.3 45.2 48.9

Very good 34.2 38.8 36.1

Excellent 5.2 5.8 5.4
Availability of vaccination card

Yes 94.8 92.5 93.9

No 4.1 5.3 4.6

Don’t know 1.1 2.3 1.5
* Information on sex was missing for 7 participants. The proportion of missing values for other variables in the table was
<2%.

Knowledge of vaccination recommendations

Findings on knowledge of official vaccination recommendations are presented in Table 2. The majority
of participants (80%) knew that the vaccine against diphtheria and tetanus should be administered
every 10 years. Regarding other vaccinations, the proportions of correct answers varied between 35%
and 60%. There was an association of knowledge items and participant’s age, however, without
similar pattern across knowledge items. For example, knowledge regarding diphtheria/tetanus and
poliomyelitis vaccination recommendations increased with advancing age, whereas knowledge
regarding measles decreased (Table 2). Of note, only 44% of participants in the age group 60-70
years were aware of the recommendation regarding pneumococcal vaccination for those above 60.
The first two dimensions obtained from the MCA explained approx. 50% of the variance (Fig. 1A).
There was a distinct group of participants with good knowledge regarding vaccination
recommendations against diphtheria, poliomyelitis, measles and pneumococcal infection. Knowledge
of influenza and rabies vaccinations made the second dimension (Supplementary Fig. 1A). The
distribution of the first dimension is presented in Fig. 1B; the majority of the participants had good or
moderate knowledge, a small proportion of participants had poor knowledge (represented by the small

peak on the left side of the score).
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Table 2. Knowledge of official recommendations regarding adult vaccinations by age group, weighted percentage?®

15-19 years, 20-29 years, 30-39 years, 40-49 years, 50-59 years, 60-70 years, Total,
n=103 n=232 n=216 n=373 n=310 n=252 N=1485
Knowledge items Correct® Correct® Correct® Correct® Correct® Correct® Correct®

%

%

%

%

%

%

%

All adults over 18 years should be vaccinated every
10 years against diphtheria and tetanus (true)

65.4 (55.8-73.8)

72.7 (66.6-78.1)

80.9 (75.2-85.6)

83.4 (79.3-86.8)

81.0 (76.2-84.9)

86.6 (81.8-90.2)

80.1 (78.0-82.1)

All adults, who are not protected against measles,
should be vaccinated (true)

71.8 (62.5-79.6)

57.6 (51.1-63.8)

41.9 (35.5-48.5)

47.2 (42.2-52.3)

47.9 (42.3-53.5)

40.3 (34.4-46.5)

48.7 (46.2-51.3)

All adults over 18 years should be vaccinated
against influenza (false)

64.1 (54.5-72.7)

65.5 (59.2-71.3)

491 (42.5-55.7)

62.3 (57.2-67.1)

62.8 (57.2-68.1)

52.6 (46.4-58.7)

59.4 (56.9-61.9)

All adults over 60 years should be vaccinated once
against pneumococcal infection (true)

53.4 (43.8-62.7)

36.0 (30.0-42.4)

247 (19.4-30.8)

35.0 (30.4-40.0)

27.1 (22.4-32.3)

44.0 (38.0-50.2)

34.8 (32.4-37.3)

All adults over 18 years, who were not vaccinated
against poliomyelitis, should be vaccinated (true)

30.0 (21.9-39.6)

36.1 (30.2-42.5)

474 (40.8-54.1)

52.6 (47.5-57.6)

49.2 (43.6-54.8)

57.9 (51.7-63.9)

47.9 (45.3-50.4)

All dog owners should be vaccinated against rabies
(false)

39.8 (30.9-49.5)

48.3 (41.9-54.7)

34.7 (28.7-41.3)

49.5 (44.4-54.5)

44.0 (38.6-49.7)

26.9 (21.8-32.7)

41.5 (39.0-44.0)

2 Poststratification weights were applied by using the distribution of the general population of the federal state of Lower Saxony with respect to sex, age and education.
® Percentage of correct answers. The proportion of incorrect answers can be subtracted. ‘Don’t know’ answers count as incorrect answers. The proportion of ‘Don’t know’ answers across knowledge

items varied between 14% and 55%.
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Attitudes towards adult vaccinations

In general, approx. 88% of the study participants reported positive attitudes towards adult vaccinations
(Fig. 2). However, attitudes differed by specific vaccinations; for example, the majority of participants
(95%) showed positive attitudes towards tetanus vaccination whereas less than half of participants
(43%) had positive attitudes towards influenza vaccination. Responses to the attitude items by age are
presented in Table 3. Approx. 95% of the study participants agreed with the statement ‘Vaccinations
are effective means to protect against severe infectious diseases’. 82% and 40% of the study
participants supported mandatory vaccinations for specific population groups such as health care
workers and for all adults, respectively. However, every third participant agreed with the statement ‘|
am concerned that my immune system could become weakened as a result of too many vaccinations’.
Approx. 30% of the variance was explained by the first two dimensions of attitude items obtained from
the MCA (Fig. 1C). There was a distinct group of participants who tended to have positive attitudes
towards various items (represented by green colour in the Fig. 1C). All attitudes items, except “fear of
injections”, contributed to the first dimension (Supplementary Fig. 1B). The distribution of the first
dimension is presented in Fig. 1D; the majority of participants had positive attitudes (seen at the right
side of the score) and only a small proportion of participants had negative attitudes (represented by

the left tail of the score).
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Table 3. Attitudes towards adult vaccinations by age group, weighted percentage®

Age groups
15-19 years, 20-29 years, 30-39 years, 40-49 years, 50-59 years, 60-70 years, Total,
n=113 n=231 n=221 n=373 n=310 n=253 N=1501
Attitudes items Strongly agree/ Strongly agree Strongly agree/ Strongly agree/ Strongly agree/ Strongly agree/ Strongly agree/
agree®, lagree®, agree®, agree®, agree®, agree®, agree®,
0, [ 0, 0, 0, [ 0,

%

%

%

%

%

%

%

Vaccinations are effective means to protect against
severe infectious diseases

100 (96.5-100)

91.8 (87.4-94.8)

95.6 (91.8-97.7)

94.9 (92.1-96.8)

90.5 (86.7-93.4)

97.5 (94.7-98.9)

94.4 (93.1-95.5)

Vaccinations are getting better and safer

85.9 (77.3-91.6)

77.7 (71.3-83.0)

82.9 (76.7-87.7)

82.5 (78.0-86.3)

83.1 (78.1-87.1)

89.7 (84.8-93.2)

83.4 (81.2-85.3)

| am for mandatory vaccinations for all adults

39.2 (30.1-49.1)

33.4 (27.6-39.9)

48.5 (41.7-55.4)

40.4 (35.3-45.8)

29.6 (24.5-35.2)

40.4 (34.4-46.7)

38.2 (35.7-40.8)

| am for mandatory vaccinations for some
individuals such as health care workers

86.4 (78.5-91.7)

75.6 (69.4-80.8)

85.7 (80.2-89.9)

82.9 (78.6-86.5)

80.5 (75.6-84.7)

84.7 (79.6-88.7)

82.3 (80.2-84.2)

| am concerned that my immune system could
become weakened as a result of too many
vaccinations

23.3 (16.2-32.3)

33.8 (27.9-40.2)

35.2 (29.1-41.9)

31.3 (26.6-36.4)

31.2 (25.9-37.0)

32.1(26.3-38.6)

31.8 (29.4-34.3)

| will not get vaccinations because of fear of 1.9 (0.5-6.7) 6.5 (4.0-10.4) 7.0 (4.3-11.2) 1.7 (0.8-3.7) 3.4 (1.9-6.1) 1.2 (0.4-3.5) 3.5(2.7-4.6)
injections

| will not get vaccinations because of fear of side 7.6 (3.9-14.3) 20.4 (15.7-26.1) 20.9 (16.0-26.9) 16.2 (12.8-20.4) 20.5 (16.3-25.6) 14.0 (10.2-18.9) 17.5 (15.6-19.5)
effects

| will not get vaccinations because of fear of long- 0.9 (0.2-5.2) 16.4 (12.1-21.9) 15.0 (10.8-20.3) 9.4 (6.8-12.9) 14.3 (10.7-18.8) 8.7 (5.7-12.9) 11.6 (10.0-13.3)

term consequences

2 Poststratification weights were applied by using the distribution of the general population of the federal state of Lower Saxony with respect to sex, age and education.
® The proportion of participants who answered ‘strongly disagree/disagree’ can be subtracted.
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Vaccination uptake

The proportion of participants who reported having been vaccinated in the last 10 years varied
between 16% (pneumococcal vaccination) and 78% (tetanus vaccination) (Table 4). For all
vaccinations, the proportion of vaccinated participants was higher among females than males (Table
4). Overall, the proportion of vaccinated participants was higher among younger age groups, in
particular, in the age youngest group ‘15-19 years’. Of note, only every third participant in the age
group ‘60-70 years’ reported vaccination against pneumococcal infection (the target group according
to official vaccination recommendations). The MCA identified distinct patterns regarding practice in
relation to vaccination (Fig. 3A); participants who reported having received several vaccinations in the
last 10 years clustered together whereas participants who did not receive vaccinations made another
cluster. We arbitrarily divided participants into three groups, i.e. ‘poor’ (20%), ‘good’ (70%) and
‘unknown’ (10%) (Fig. 3B). Participants in the ‘poor’ group were not vaccinated against diphtheria and
pertussis at all and nearly all of them missed vaccinations against poliomyelitis, pneumococcus and
hepatitis B (Supplementary table 1). The proportion of vaccinated participants varied between 23%
(pneumococcus) and 97% (tetanus) in the group with ‘good’ vaccination practice (Supplementary table
1). Figures 3C and 3D shows exemplary individual object scores of the first two dimensions by three
categories of diphtheria and tetanus vaccinations, i.e. a) reported being vaccinated against diphtheria
and tetanus vaccinations in the last 10 years, b) reported being not vaccinated and c) reported ‘don’t

know’.
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Table 4. Estimated proportions of individuals vaccinated in the last 10 years by sex and age group, weighted percentage?®

Vaccination Sex 15-19 years 20-29 years 30-39 years 40-49 years 50-59 years 60-70 years Total
Diphtheria Female 88.6 (76.0-95.0) 55.4 (46.5-63.9) 57.9 (48.5-66.9) 64.9 (57.6-71.6) 51.7 (43.6-59.8) 54.3 (45.3-63.1) 59.3 (55.6-62.9)
Male 37.5 (26.0-50.6) 29.9 (22.1-39.2) 62.4 (52.6-71.2) 55.4 (48.0-62.6) 29.1 (22.3-36.8) 39.0 (30.3-48.6) 42.9 (39.3-46.6)
Total 60.0 (50.2-69.1) 43.4 (37.1-49.9) 60.1 (53.3-66.5) 60.2 (55.0-65.2) 40.2 (34.7-45.9) 47.1 (40.6-53.6) 51.2 (48.6-53.8)
Tetanus Female 100.0 (92.9-100) 73.4 (65.0-80.4) 70.6 (61.5-78.4) 83.3 (77.2-88.1) 79.5 (72.5-85.1) 81.8 (74.4-87.5) 79.9 (76.9-82.6)
Male 73.2 (60.4-83.0) 57.9 (48.5-66.9) 86.4 (78.7-91.6) 87.5 (81.9-91.5) 71.4 (63.8-78.0) 74.6 (66.0-81.6) 76.4 (73.2-79.3)
Total 85.8 (78.0-91.2) 66.2 (59.9-72.0) 78.5 (72.5-83.5) 85.4 (81.4-88.7) 75.5 (70.4-79.9) 78.4 (72.9-83.1) 78.2 (76.0-80.2)
Pertussis Female 81.8 (68.0-90.5) 39.2 (30.9-48.1) 39.0 (30.3-48.6) 41.0 (33.7-48.7) 23.6 (17.1-31.7) 22.7 (15.5-32.0) 37.0 (33.4-40.8)
Male 50.9 (37.9-63.9) 34.0 (25.6-43.6) 15.3 (9.5-23.7) 28.8 (22.6-35.9) 12.9 (8.4-19.5) 21.4 (14.5-30.5) 25.0 (21.9-28.4)
Total 64.9 (55.0-73.7) 36.8 (30.7-43.3) 27.6 (21.9-34.1) 34.6 (29.7-39.8) 18.0 (13.9-23.1) 22.1 (16.8-28.4) 30.9 (28.5-33.5)
Poliomyelitis Female 91.5 (80.1-96.6) 37.0 (28.8-45.9) 40.2 (31.2-49.9) 51.2 (43.7-58.6) 40.3 (32.5-48.6) 44.0 (35.1-53.4) 46.5 (42.8-50.2)
Male 62.5 (49.4-74.0) 30.8 (22.9-40.1) 36.4 (27.6-46.2) 45.4 (38.2-52.8) 20.7 (14.9-28.0) 29.7 (21.7-39.2) 35.6 (32.1-39.3)
Total 75.7 (67.4-83.6) 34.1 (28.3-40.6) 38.3 (32.2-45.5) 48.2 (43.0-53.5) 30.3 (25.2-35.9) 37.1(31.3-44.3) 41.1 (38.7-43.9)
Hepatitis B Female 80.4 (66.8-89.3) 58.2 (49.3-66.6) 45.7 (36.5-55.2) 42.8 (35.5-50.4) 34.4 (26.8-42.8) 26.9 (19.4-35.9) 44.4 (40.7-48.2)
Male 38.9 (27.0-52.2) 50.5 (41.1-59.8) 59.4 (49.7-68.5) 37.8 (30.9-45.2) 19.1 (13.5-26.4) 29.3 (21.1-38.9) 38.0 (34.4-41.7)
Total 58.0 (48.2-67.2) 54.6 (48.1-60.9) 52.4 (45.6-59.1) 40.2 (35.1-45.5) 26.5 (21.3-31.7) 28.0 (22.2-34.3) 41.2 (38.5-43.8)
Pneumococcus Female 51.2 (36.8-65.4) 16.1 (10.6-23.8) 12.7 (7.6-20.6) 15.7 (10.8-22.3) 5.1(2.4-10.7) 29.7 (21.7-39.2) 18.0 (15.2-21.2)
Male 37.7 (25.9-51.2) 14.2 (8.8-22.0) 5.1(2.2-11.4) 10.5 (6.7-16.2) 6.6 (3.5-12.0) 28.7 (20.8-38.2) 14.5 (12.0-17.4)
Total 43.8 (33.9-53.2) 15.2 (11.4-20.9) 9.0 (5.4-13.3) 13.0 (9.8-17.2) 5.9 (3.6-9.5) 29.2 (23.4-35.8) 16.2 (14.3-18.3)

@ Poststratification weights were applied by using the distribution of the general population of the federal state of Lower Saxony with respect to sex, age and education.
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Association of knowledge and attitudes and vaccination uptake

The results of the multivariable fractional polynomial regression models are presented in Table 5. For
the different vaccines, the odds of being unvaccinated was 1.5- to 5-times higher among participants
with poor knowledge of vaccination recommendations compared to participants with good knowledge.
Participants with negative attitudes towards vaccinations were also more likely to be unvaccinated
(with odds ratios ranging between 2 and 4). Similar results were obtained for the overall vaccination
uptake (Table 5, 8" column). Males were more likely to be unvaccinated against diphtheria, pertussis
and poliomyelitis. Vaccination uptake decreased with advancing age for almost all vaccinations,
however, with different patterns of associations (Fig. 4). Diphtheria, tetanus and hepatitis B
vaccinations decreased linearly with advancing age. A nonlinear association was observed for
pertussis, poliomyelitis and pneumococcus. Uptake of pertussis and poliomyelitis vaccination
decreased up to the age of 40 years and continued decreasing slightly in older age groups.
Pneumococcal vaccination uptake decreased up to the age of 50 years and increased afterwards (Fig.

4).
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Table 5. Associations between vaccination uptake and knowledge of official vaccination recommendations and attitudes towards vaccinations (results of the

multivariable logistic regression analyses)

Adjusted odds ratios® and 95% confidence intervals for being unvaccinated in the last 10 years

diphtheria

tetanus

pertussis

poliomyelitis

hepatitis B

pheumococcus

poor vs. good
vaccination
uptake®

Knowledge about official recommendations®

Poor

3.66 (2.68-5.00)

2.17 (1.51-3.10)

3.40 (2.43-4.75)

5.11 (3.72-7.02)

1.66 (1.24-2.22)

2.00 (1.32-3.02)

3.35 (2.41-4.63)

Medium 1.24 (0.91-1.68) 1.07 (0.73-1.56) 1.49 (1.10-2.01) 1.46 (1.10-1.94) 1.07 (0.81-1.42) 1.44 (0.98-2.10) 1.34 (0.96-1.88)
Good Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Attitudes towards vaccinations®
Negative 3.89 (2.84-5.32) 4.10 (2.73-6.16) 3.59 (2.58-4.99) 2.84 (2.09-3.85) 2.17 (1.62-2.89) 2.91 (1.89-4.47) 3.73 (2.66-5.25)
Neutral 1.60 (1.16-2.20) 2.03 (1.32-3.12) 1.38 (1.02-1.87) 1.33 (0.99-1.80) 1.46 (1.10-1.94) 1.20 (0.83-1.74) 1.82 (1.27-2.59)
Positive Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Sex
Male 2.06 (1.60-2.65) 1.10 (0.83-1.47) 2.12 (1.61-2.79) 2.03 (1.58-2.61) 1.03 (0.81-1.30) 1.33 (0.94-1.87) 1.64 (1.27-2.12)
Female Ref. Ref. Ref. Ref. Ref. Ref. Ref.

Education level

Lower secondary education or apprenticeship or
still at upper secondary school

112 (0.84-1.50)

0.96 (0.70-1.32)

1.10 (0.81-1.50)

1.04 (0.78-1.39)

1.13 (0.86-1.49)

0.68 (0.46-1.00)

1.08 (0.81-1.45)

University entrance qualification (upper secondary
education or vocational school)

0.90 (0.66-1.22)

0.61 (0.42-0.88)

1.06 (0.77-1.45)

0.90 (0.66-1.22)

0.98 (0.74-1.29)

0.69 (0.46-1.04)

0.87 (0.63-1.20)

University degree Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Country of birth

Germany Ref. Ref. Ref. Ref. Ref. Ref. Ref.

Other 1.42 (0.81-2.48) 1.46 (0.84-2.54) 1.55 (0.79-3.04) 1.35 (0.73-2.47) 1.02 (0.60-1.72) 1.36 (0.57-3.25) 1.64 (0.94-2.86)

2 Adjusted for age (see Fig. 4) and all other variables in the table

® Derived from the multiple correspondence analysis (see Methods section).
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Discussion

Using data from a population-based panel study we assessed the knowledge of official vaccination
recommendations, attitudes towards vaccinations and examined their associations with vaccination
uptake among adults in Lower Saxony, Germany. To the best of our knowledge, this is the first study

that conducted a full vaccination-related KAP survey in the general adult German population. Previous
research in Germany has focused on a) specific population subgroups (e.g. children [21], pregnant
women [22], elderly individuals [23] or physicians [24]), b) examined various risk factors of poor
vaccination uptake not related to KAP (e.g. sociodemographic factors) [2;12] and c) examined only

single [21;23] or a few vaccinations [13;25]. In contrast to these studies we included a broad range of
adult vaccinations which have not been examined previously and a broader age range (15-70 years).

In addition, our panel study was specifically designed to examine KAP-related research questions for
various infection/vaccination-related topics [15].

Knowledge of official recommendations varied by specific vaccinations. The highest proportion of
correct answers was observed for diphtheria and tetanus vaccination recommendations. This is in line
with findings from other studies that showed that tetanus vaccination is the best accepted vaccination

in the general population, also reflected in relatively high vaccination coverage reported (70-75%)

[2;3]. In agreement with these results, tetanus vaccination coverage was the highest among the

vaccinations in our study (78%). Good knowledge of and positive attitudes towards tetanus vaccination

may at least partly be associated with treatment of wounds [17]. Regarding other vaccinations, we
observed considerable deficits in participants’ knowledge. In particular, a considerable proportion of
individuals in the age group of ‘60-70’ years demonstrated poor knowledge regarding influenza and
pneumococcal vaccination recommendation. Not surprisingly, only 30% of the participants of our study
above 60 years reported having obtained pneumococcal vaccination. Whereas the diphtheria and
tetanus vaccination recommendation did not change over a long period of time, there were multiple
changes for other vaccination recommendations in recent years, which may partly explain poor
knowledge. For instance, a measles vaccination recommendation was extended in 2010 to all adults
born after 1970 who were previously not vaccinated or were vaccinated not completely. There were
multiple changes for pneumococcal vaccination recommendation; the last change took place in 2009.
In general, the majority of participants had positive attitudes towards vaccinations, however, the

attitudes varied by specific vaccinations. For example, more than half of participants had negative
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attitudes towards a seasonal influenza vaccination whereas tetanus vaccination was well accepted.
Consistently with above reported results, attitudes towards tetanus vaccination were even better than
attitudes towards vaccinations in general. Although the majority of participants (94%) agreed with the
statement that vaccines are effective against infectious diseases, up to 17% stated that they will not
obtain vaccinations because of side effects or long-term consequences. Obviously, these participants
may have supportive attitudes towards vaccinations, but at the same time they possess common

misconceptions regarding vaccinations. These individuals can be classified as ‘hesitant’ or ‘late or

selective vaccinators’ [26]. Hesitant individuals may have significant concerns about vaccinations, but
may still get vaccinations. Both groups may benefit from vaccine-related educational programs, as
they do not refuse vaccinations in principle and are not fixed in their less positive attitudes. Providing

specific vaccine-related knowledge may help to change their attitudes toward vaccinations. It is more

difficult to deal with individuals who refuse all vaccinations, the so-called ‘refusers’ [26]. This group is
convinced about negative effects of vaccinations due to vaccine safety concerns, religious beliefs or
mistrust in traditional medicine. Fortunately, only a small proportion of individuals (1.5%) reported

negative attitudes towards vaccinations in general, however, 8.9% reported “slightly negative attitudes”
(Fig. 2), which is also in agreement with findings form other studies [21]. The association between
level of knowledge about vaccination and vaccine acceptance is not straightforward [8]. Vaccination

campaigns need to address both the active and the passive demanders [6]. Active demanders are

more likely to benefit from increased knowledge and education, and educational campaigns

addressing knowledge deficits are reported to be effective [7]. However, the most effective
interventions employed multiple strategies, i.e. increasing knowledge alone is not sufficient to increase
vaccine uptake.

The multiple correspondence analysis revealed distinct groups of participants in each KAP domain.
We found individuals who tended to have poor knowledge, negative attitudes and poor vaccination
uptake. Males and those born outside Germany were significantly more likely to have poor knowledge
(data not shown). Of note, participants’ education level was not associated with knowledge and
attitudes. Further research is needed to identify these population groups and implement tailored
intervention programs.

We observed a systematic pattern of associations between knowledge and attitudes and adult’s

vaccination uptake; the risk of being unvaccinated with all six vaccines was higher among participants
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with poor knowledge and negative attitudes. A similar finding was observed for the overall vaccination
uptake. The effects for the attitude score across all vaccinations ranged between two and four and for
the knowledge score between two and five. In contrast to these findings, Klett-Tammen et al. showed
various patterns of associations for three vaccinations (tetanus, influenza and pneumococcus); e.g.

the strongest determinant of tetanus and influenza vaccinations was attitude-related, whereas

pneumococcal vaccination was knowledge-associated [13]. Their findings indicate the need for
vaccine type-specific intervention programs. Our findings regarding knowledge and attitudes are
consistent for all vaccinations that facilitate the development of common intervention programs for all
six examined vaccinations.

The associations between participants’ age and all vaccinations, except pneumococcal vaccination
had a similar pattern; the risk of being unvaccinated increased with advancing age. In case of
pneumococcal vaccination we observed an increase at the age of 60 years, which is explained by the
recommendation to receive this vaccination. However, overall, the proportion of vaccinated individuals
in this age group was low (30%). The risk of being unvaccinated with diphtheria, pertussis and
poliomyelitis vaccinations was 2-times higher among males than females. These findings are
important as knowing specific population subgroups at higher risk of being unvaccinated or specific
factors associated with poor vaccination uptake may be used in tailored intervention programs. Health
care professionals may play a pivotal role in providing vaccine-related information to patients and in
reducing common misconceptions by addressing specific vaccine concerns. A framework for

communicating with parents regarding childhood vaccinations has already been developed for health
professionals and can be adapted for adult populations [26]. In addition, vaccine-related knowledge

can be distributed in mass media campaigns [27].

Strengths and limitations

One of the main strengths of the study is a population-based sampling with poststratification weighting
which may allow providing state representative estimates of knowledge of vaccination
recommendations, attitudes towards vaccinations and vaccination uptake. Poststratification weighting
was performed with regard to sex, age and education level. However, it remains unclear whether the
study population represents the general population of the federal state Lower Saxony with regard to

other factors such as health status, or health-seeking behaviour. Another strength of the study is the
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application of multivariate techniques to examine underlying structures in all three KAP domains. This
analysis allows examination of the relationship of several nominal variables and identification of group
of individuals with similar knowledge, attitudes or vaccination behaviour. A few limitations of the study
should be mentioned: i) Due to the cross-sectional nature of the study design, we cannot rule out the
possibility that uptake of vaccinations itself might result in better knowledge of vaccination
recommendations or more positive attitudes towards vaccinations. Both, knowledge and attitudes
might be different before vaccination and might change after vaccination; ii) The initial response rate

was low, which may result in selection or nonresponse bias; however, all age-sex-education strata that

exist in the target population were also occupied in HaBIDS [14], which provides the possibility of
generating generalizable estimates via poststratification; iii) History of vaccination uptake in the last 10
years was based on participants’ self-reported information, which may be prone to recall bias. We thus
cannot rule out the possibility of false vaccination reports. However, the participants had an
opportunity to select the category “don’t know” for each vaccination. The proportion of “don’t know”
responses varied between 3.5% (tetanus vaccination) and 23.3% (pneumococcal vaccination).
Although 94% of the study participants reported possessing a vaccination card, we are not aware of
whether they used it for reporting vaccination uptake. Moreover, the feasibility of extracting information

from a vaccination chart by laypersons has not been examined yet.

Conclusions

We observed considerable deficits in participants’ knowledge of vaccination recommendations. The
majority of participants had positive attitudes towards vaccinations; however, some participants had
common misconceptions. Vaccination uptake was suboptimal; the only high coverage was observed
for tetanus vaccination, for remaining vaccines the proportions of persons reporting vaccination in the
last 10 years was lower than 50%. In addition, we identified distinct group of individuals with poor
knowledge, poor attitudes and poor/incomplete vaccination uptake. Both, knowledge and attitudes
were strongly associated with vaccination uptake. Efforts should be undertaken to improve knowledge
of vaccination recommendations in the general population, which may lead to better attitudes and
better vaccination uptake. Particular attention should be drawn to specific population groups such as
the elderly in case of pneumococcal vaccination. Improving knowledge and addressing specific
vaccine concerns can be done during general practitioner visits or through media campaigns. Health

care workers may play a crucial role in distributing vaccine-related knowledge as they are the only
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group involved in the patient-physician interactions. We examined the effect of knowledge of
vaccination recommendations and attitudes towards vaccinations. As stated above, individual's
decision to get vaccinated is a complex and multifactorial process. Numerous other factors associated
with vaccination have been identified such as lack of a provider recommendation for vaccination,
health care personnel’s attitudes towards vaccinations, type of health insurance, and beliefs regarding

the efficacy and benefit of vaccinations.
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Figures

Figure 1. Knowledge of official vaccination recommendations (A,B) and attitudes towards vaccinations
(C,D) assessed by multiple correspondence analysis.

Knowledge domain: biplot of the first two dimensions depicting the relationship across examined
variables and their respective categories (A); incorrect answers in panel A consist of false and ‘don’t
know’ answers and density plot for the first dimension obtained from MCA (B). Attitudes domain; biplot
of the first two dimensions depicting the relationship across examined variables and their respective
categories (C) and density plot for the first dimension obtained from MCA (D). Both scores were
reversed so that low values of the scores indicate poorer knowledge and less positive attitudes. Two

vertical dashed lines on panels B and D divide the scores into three equal groups, i.e. tertiles.

Figure 2. Attitudes towards vaccinations, weighted percentage®®

2 The following questions were used: ‘What is your attitude towards vaccinations in general?’, ‘What is
your attitude towards tetanus vaccination?’ and ‘What is your attitude towards influenza vaccination?’.
® Poststratification weights were applied by using the distribution of sex, age and education of the

general population of the federal state of Lower Saxony.

Figure 3. Practice in relation to vaccinations assessed by multiple correspondence analysis*

* Vaccination uptake was assessed by the question ‘Were you vaccinated against the following
infectious diseases in the last 10 years?’: diphtheria, tetanus, pertussis, poliomyelitis, hepatitis B and
pneumococcus. Biplot of the first two dimensions depicting the relationship across examined variables
and their respective categories (A), density plot of the first dimension obtained from MCA (B),

individual object scores by vaccination status for diphtheria (C) and tetanus (D) vaccinations.

Figure 4. The associations between uptake of vaccinations and participants’ age*

* Estimated in fractional polynomial models, adjusted for all variables in Table 4.

Supplementary figure 1. Biplots of the first two dimensions depicting the relationship across
examined variables obtained from multiple correspondence analysis for each KAP domain, i.e.
knowledge of official vaccination recommendations (A), attitudes towards vaccinations (B) and

vaccination uptake (C).
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