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Background: Maternal attitudes and beliefs have been shown to influence childhood vaccination coverage, resulting in under-vaccination, non-vaccination, and vaccination delay. This study aimed to investigate the mothers' attitudes and perceptions about vaccination for their children in Greece.

Methods: This was an online cross-sectional study, conducted from 4 April to 8 June 2020. A self-administered questionnaire was used to collect information about mothers' and their children's socio-demographic characteristics, previous vaccination behavior, and mothers' attitudes and perceptions about childhood vaccination. Participants included adult mothers with at least one minor child.

Results: One thousand eight hundred eighty-five mothers participated, with the majority (91.7%) believing in the usefulness of vaccines and that vaccines protect children from serious and life-threatening diseases. A larger percentage of mothers with higher educational attainment agreed/absolutely agreed that all vaccinations provided by the National Vaccination Program must be offered to their children (91.6%) (p = 0.02) and that vaccines protect children from serious and life-threatening diseases (92.9%) (p = 0.01). Significant more married/in cohabitation and not single-parent mothers agreed that vaccines are safe (53.5% and 53.4%, respectively). There were also several significant associations between maternal attitudes toward childhood vaccination and previous maternal vaccination practices [(e.g., adherence to recommended vaccination dosages (all p-values < 0.01), vaccination delays (all p-values < 0.05), and vaccination during pregnancy (all p-values < 0.01)].

Conclusion: Maternal attitudes and perceptions toward childhood vaccination are significantly influenced by sociodemographic factors and maternal vaccination practices. Revealing those is essential for public health officials in developing future strategies to improve childhood vaccination coverage and acceptance of new vaccines such as the COVID-19 vaccine.
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Introduction

Vaccination is undeniably a public health success story for disease eradication (1). Vaccines have been administrated since 1796, preventing millions of deaths and adverse health outcomes (2). They significantly reduced healthcare costs due to the decrease in hospitalizations and disease prevalence (3). Thus, vaccines are considered a cost-effective and life-saving tool (4, 5). More than 200 years after the first vaccine development, the ongoing public health crisis from COVID-19 also highlights the importance of investing in vaccine development, since COVID-19 vaccination contributed to the reduction of hospitalizations, death rate, and adverse health outcomes (6, 7).

The failure of current treatments for bacterial infections, due to antibiotic resistance (8–11), and the burden of infectious diseases renders vaccine development a priority to avert severe infections (12–15). The development of new vaccines is a long complex process, with several attempts to create vaccines for fatal diseases such as AIDS, malaria, and a range of parasitic infections being unsuccessful (16–18). Although vaccine development is a significant milestone for humanity, the public may delay or refuse vaccination with available vaccines: vaccine hesitancy. Vaccine hesitancy was raised during the last decades and is influenced by several determinants including ethnicity, religious, socio-economic factors, beliefs, knowledge, and safety and efficacy concerns (19–24). In addition, unfavorable vaccine incidences could reduce vaccine trust (25). Consequently, specific vaccination rates may not attain adequate coverage to prevent epidemics (26–30).

Childhood vaccination reduces the mortality rate, although some children are unvaccinated or under-vaccinated (31–33). Of note, during the COVID-19 pandemic some childhood vaccinations were delayed or missed (34–36). Specifically, after March 2020 considerably fewer children received the vaccines against diphtheria, pertussis, tetanus, and measles compared to 2019 (37, 38). Several reasons contributed to this decline including the lack of access to health services due to lockdown restrictions, and the shortage of health care staff during the COVID-19 pandemic (39). Also, there is an increasing concern that the pandemic regulations influenced health care professionals' communications with parents, hence limiting routine vaccination promotion (40).

Except for the COVID-19 pandemic, parental hesitancy toward childhood vaccination affects childhood vaccination uptake (26, 41–49). Attitudes and perceptions of parents toward vaccines may influence parental decisions to vaccinate their child/children. Parental vaccination behavior and experiences may result in childhood vaccination delays or refusal (50, 51). In addition, negative opinions toward vaccination may enhance the risk of unvaccinated children and increase the likelihood of disease outbreaks. Recently, outbreaks of vaccine-preventable disease were observed in Europe due to inadequate vaccination rates (27); hence it is essential to estimate the parental attitudes toward childhood vaccinations. Mothers seem to have a prime role in childcare (52), therefore, the present study aimed to evaluate the attitudes and perceptions of mothers in Greece concerning the vaccination of their child/children. Understanding maternal attitudes and beliefs regarding the vaccination of their children is crucial, especially during the COVID-19 pandemic.



Methods


Study design

This was an online cross-sectional study. This study reported following the Strengthening the Reporting of Observational Studies in Epidemiology (53).



Study duration and study setting

This study was conducted from 4 April 2020 to 8 June 2020. The population of interest was mothers 18 years old and older with at least one minor child (<18 years old), who were living in the four geographical areas of Greece (Attica, Central Greece, North Greece, and Crete/Aegean Islands).



Sample size

The sample size needed for this study was calculated using the formula, [image: image]. Assuming a vaccination coverage of 90%, based on a literature review on the topic, a z equal to 1.96 under a 95% confidence interval and a precision of 2%, a sample size of ~864 individuals was required to estimate this (54).



Sampling method

Due to the quarantine restrictions resulting from the ongoing COVID-19 pandemic, a convenience sampling method was used, with a potential effect on sampling possibilities. The questionnaire was administered using Google Forms and dispersed using social media applications (e.g., Facebook, Instagram), instant messaging apps (e.g., WhatsApp, Viper), and social networking sites (e.g., LinkedIn), to gather a sample from all geographical areas of Greece [Attica (46.8%) of the total Greek population, Central Greece (13.0%), North Greece (29.0%) and Crete/Aegean Islands (11.2%)]. Despite the non-probabilistic sampling approach used, we have managed to recruit women of different ages among the Greek mainland and islands, ensuring a relatively representative sample of the adult female Greek population.



Survey instrument

The self-administered questionnaire in the Greek language was specially designed after an extensive review of relevant literature and included questions regarding mothers' socio-demographic characteristics, children's characteristics, general information about vaccination practices, and attitudes and perceptions of mothers regarding childhood vaccination (Supplementary File). The survey was pilot tested by 50 mothers for face validity and comprehensibility before study commencement. The pilot study sample was not included in the sample of the study. We have also calculated the Cronbach's alpha coefficient, which it was 0.92 indicating a strong internal consistency.



Socio-demographic characteristics of mothers and their children

The first part of the questionnaire included questions regarding maternal socio-demographic characteristics (i.e., age, employment status, educational level, and marital status) and children's characteristics (i.e., age, and gender). Age was reported in years. Geographical area was recorded as Attica, Central Greece, North Greece, and Crete/Aegean Islands while area of residence was classified as urban and rural. Marital status was recorded as never married, married/ in cohabitation, or separated/divorced/widowed. Single parent family was evaluated using a binary question (Yes vs. No). Educational level was classified into three categories: primary education (participants who completed only primary school: < 7 years of schooling), secondary education (participants who completed middle or high school: 7–12 years of schooling), and higher education (participants who have a university degree: >12 years of schooling). Employment status was recorded as unemployed, private, and state or freelance employee. Income status was described using the monthly income and was classified as (i) no income; (ii) low (<1,101 per month); (iii) middle (1,101–1,500 per month); and (iv) high (>1,500 per month). Moreover, characteristics about the children included the number of children, the age, and the gender.



Vaccination attitudes and perceptions

This part of the questionnaire assessed maternal attitudes and perceptions toward childhood vaccination, using 14 Likert-scale questions (Q1-Q14) on a five-point rating scale (1 = absolutely disagree, 2 = disagree, 3 = neither disagree nor agree, 4 = agree, and 5 = absolutely agree).



Previous vaccination behavior

The questionnaire also included information about previous vaccination practices, including adherence to the prescribed doses as indicated by the local recommendations (Yes vs. No) and delay of vaccination (Yes vs. No). The question used to report the reasons of possible delay of vaccination was “If you have delayed your child/children vaccination, what were the main reasons?” with possible answers being illness, lack of clear information, paediatrician's suggestion, fear of side effects of the vaccine, increased cost of vaccines, increased cost of medical visit, long distance from the vaccination site or other. Vaccination during pregnancy was reported using the question “Have you been vaccinated during your pregnancy?” (Yes vs. No). Participants' general knowledge toward vaccination was assessed using a 12-item scale, but these analyses are reported elsewhere (55).



Statistical analysis

Descriptive statistics included frequencies (n)/percentages (%) for categorical variables and mean/ standard deviation (SD) or median values/interquartile range (IQR) for continuous variables with normal or skewed distribution, respectively. The skewness of distribution was used to check the normality of numeric variables using the Shapiro–Wilk normality test. Chi-squared test, one-way analysis of variance (ANOVA), and non-parametric tests including Kruskal–Wallis were used to test significant differences between variables. Bonferroni correction test was used to address the problem of multiple comparisons. Bar charts were constructed to present the maternal attitudes and perceptions toward their children's vaccination. All statistical tests performed were two-sided, with the statistical significance level set at α = 0.05. Statistical analysis was conducted using STATA 14.0 (Stata Corp, College Station, TX, USA).



Ethics

This study was conducted according to the Declaration of Helsinki guidelines and all procedures involving research study participants were approved by the Cyprus National Bioethics Committee (CNBC) (EEBK EΠ 2020.01.82). The survey was voluntary, and no incentive was offered. All the participants were informed about the study's aim and objectives before participating on the first page of the questionnaire. The respondents needed to confirm their willingness to participate voluntarily by answering a “Yes/No” question on an electronic mandatory informed consent form before being allowed to complete the online self-reporting questionnaire.




Results


Participants' characteristics

A total of 1,885 mothers, who live in the four geographical areas of Greece, completed the online questionnaire (Supplementary Figure 1). The mean age of the participants was 36.3 years old (SD = 5.0 years old) (Table 1). Almost half of the participants (46.8%) were residents of the Attica region (including Athens and its suburbs) and 87.0% were living in an urban area. The overwhelming majority were married (95.1%), while 5.1% were single parents. In addition, 73.5% of them had completed a higher education, 39.4% were private employees, and 56.6% had a high monthly salary. Participants reported 2,950 children with a median age of 42 months (IQR: 24–72 months), among whom 51.8% were boys. The majority of the mothers strictly adhered to the prescribed dosage as indicated by the local recommendations for each vaccine (94.3%), have delayed their child/children vaccination (51.5%) and have not been vaccinated during pregnancy (75.7%) (Table 1).


TABLE 1 Characteristics of the mothers and their children as well as previous vaccination behavior characteristics.

[image: Table 1]



Vaccination attitudes and perceptions

Figure 1 presents the maternal attitudes and perceptions toward their children's vaccination. Most of the participants agreed that vaccines protect children from serious and life-threatening diseases, they believe in the usefulness of vaccines (91.7% for both statements), and they also agreed that all vaccinations provided by the National Vaccination Program must be offered to their children (90.4%). Almost half of them agreed that vaccination in childhood protects for a lifetime (48.0%) and a vaccine always provides protection to a child (49.9%). On the other hand, nearly 62% of the participants, disagreed that many vaccines can adversely affect the immune system of children (61.7%) and they should be vaccinated immediately after the release of a new vaccine (61.2%). Most of the participants did not believe that natural childhood illness is better than vaccination (72.0%). Furthermore, approximately half of mothers were neutral to the question related to the safety and effectiveness of new vaccines (47.5%).


[image: Figure 1]
FIGURE 1
 Maternal responses to questions about vaccination attitudes and perceptions.




Vaccination attitudes and perceptions by participants' characteristics
 
Marital status, educational attainment, and single-parent status

Educational level was a significant sociodemographic factor for many of the statements. Specifically, a larger percentage of mothers with higher educational attainment agreed/absolutely agreed that all vaccinations provided by the National Vaccination Program must be offered to our children (n = 1,268, 91.6%) (p = 0.02) and that vaccines protect children from serious and life-threatening diseases (n = 1,284, 92.9%) (p = 0.01). In addition, mothers with higher education were also more likely than those with other education levels, to disagree that a large number of vaccines can adversely affect the immune system of children (n = 886, 64.1%, p = 0.01). Marital status and single-parent status were significant sociodemographic predictors for one attitude. Particularly, marginally significant higher percentages of married/in cohabitation and not single-parent mothers agreed that vaccines are safe (p = 0.01) (53.5 and 53.4%, respectively). In addition, a higher percentage of married/in cohabitation mothers believed in the usefulness of vaccines compared to unmarried and divorced/separated/widowed mothers (92.1 vs. 82.1% and 84.4%, respectively) (p = 0.04) (Table 2).


TABLE 2 Maternal responses to questions about vaccination attitudes by marital status, educational attainment, and single parent status.
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Employment and income status

A considerably higher proportion of mothers with high income (n = 547, 52.1%) agreed that vaccine always provides protection to a child compared to mothers without income (n = 20, 41.7%) (p = 0.03). In addition, a significant higher percentage of mothers with low, middle, or high income and employed mothers agreed that some vaccines have possible side effects compared to mothers without income (p = 0.04) and unemployed mothers (p = 0.01) (Table 3). Moreover, a significantly lower percentage of private employees (n = 56, 7.6%) (p = 0.03) and participants with a low income (n = 24, 8.7%) (p = 0.02) agreed that vaccines can cause long-term problems in children were identified compared to the other employment and income categories, respectively. A smaller percentage of unemployed mothers disagreed that some vaccines are made for commercial purposes (n = 84, 18.1%) (p = 0.02) and natural childhood illness is better than vaccination (n = 311, 67.3%) (p = 0.01) compared to employed participants. We also found that mothers without income disagreed in a significantly higher proportion, compared to the other categories, that children should be vaccinated immediately after the release of a new vaccine (n = 38, 79.2%) (p = 0.01). In the same sense, a significantly lower percentage of participants without income disagreed that large numbers of vaccines can adversely affect the immune system of children (n = 20, 41.7%) (p = 0.02). More information about the maternal responses to questions about vaccination attitudes by employment and income status of the mother is presented in Table 3.


TABLE 3 Maternal responses to questions about vaccination attitudes by employment and income status of the mother.
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Age of mothers and children

Regarding mothers' age, significant differences are observed in the statements “a vaccine always provides protection to a child” (p < 0.01), “there are possible side effects from some vaccines” (p = 0.01), “I doubt the safety and effectiveness of new vaccines” (p = 0.02), and “some vaccines are made for commercial purposes” (p = 0.02). The age of the children noted significant differences only for the attitude “I doubt the safety and effectiveness of new vaccines” (p = 0.04) (Supplementary Table 1).



Geographical region and area of residency

Region of residency was a significant sociodemographic factor for the statements “vaccines can cause long-term problems in children” and “some vaccines are made for commercial purposes” (Supplementary Table 2). More specifically, 53.7% (n = 474) of the Attica residents disagreed that vaccines could cause long-term problems, while significantly lower (p = 0.04) was the corresponding percentage for the residents of Central (n = 112, 45.7%) and North Greece (n = 247, 45.2%), as well as Crete and Aegean Islands (n = 96, 45.5%). In addition, almost half of the mothers who lived in Crete and Aegean Islands (n = 100, 47.4%), remained neutral regarding the commercial purposes of vaccines (p = 0.02). This attitude was significantly lower in the other geographical areas of Greece, while 33.6% (n = 71) of the remaining residents of Crete and Aegean Island agreed with this statement. Furthermore, in rural areas, a significantly higher proportion of participants, disagreed that children should be vaccinated immediately after the release of a new vaccine (67.2 vs. 60.4% in urban areas, p = 0.03).



Previous vaccination behavior

Several statistically significant associations were observed between maternal attitudes toward childhood vaccination and maternal vaccination behaviors. The majority of those who adhere to the prescribed dosage as indicated by the local recommendations for each vaccine, delayed their children's vaccination, and were vaccinated during pregnancy, agreed that all the vaccinations provided by the National Vaccination Program must be offered to their children, all vaccines are safe, and vaccines protect children from serious and life-threatening diseases (all p < 0.05). In addition, most mothers who adhered to the prescribed dosage as indicated by the local recommendations for each vaccine and those who did not delay their children vaccination agreed that vaccination in childhood protects for a lifetime and a vaccine always provides protection to a child (p < 0.01). Finally, significant associations were noted between all previous maternal vaccination behaviors and attitudes toward vaccines associated with long-term problems benefits, safety and efficacy, usefulness, commercial purposes, new vaccine acceptance, and preference of natural illness compared to vaccination (Supplementary Table 3).





Discussion

To the best of our knowledge, this is the first study that evaluated the attitudes and perceptions of mothers in Greece concerning the vaccination of their children during the COVID-19 pandemic. Our findings show that most of the participants agreed that vaccines protect children from serious and life-threatening diseases, and they believe in the usefulness of vaccines. In addition, most of the participants did not believe that natural childhood illness is better than vaccination and approximately half of them were neutral to the question of whether they doubt the safety and effectiveness of new vaccines. Sociodemographic factors significantly affected the maternal attitudes and perceptions toward childhood vaccination. About half of the participants with low income, secondary and higher education, reported neutral attitudes. In Aegean Islands and Crete, a significantly higher prevalence of negative and neutral vaccination perceptions was observed, while negative attitudes were reported in both rural and urban areas. The age of mothers influences their attitudes and predictions about childhood vaccination. Finally, several significant associations were observed between maternal attitudes toward childhood vaccination and previous maternal vaccination behaviors such as adherence to recommender vaccine dosages, vaccination delays, and vaccination uptake during pregnancy.

Statistically significant associations between sociodemographic and economic factors and maternal attitudes have been found in our research. The marital status and educational level are determinants of vaccine belief and attitudes in some countries. In our study, the unmarried, divorced, separated, or widowed mothers were less likely to associate with positive beliefs about vaccine usefulness. Divorced parents in the United Arab Emirates were more vaccine-hesitant (24), while married mothers in Nigeria were associated with commitment to childhood vaccination (56). In contrast, the marital status was not associated with positive attitudes in Croatia (57). The income and educational level were identified as important factors in our study, since primarily educated mothers and single parents without income have negative attitudes toward vaccination. In contrast to our findings, a study in Israel identified higher vaccination compliance among parents with low educational level and average wages (58), and highly educated mothers in Georgia were prone to complete all the childhood vaccinations (59). A previous cross-sectional study in Greece suggests an association between children's age and incomplete vaccination uptake (60). Our results show a statistically significant association only between children's and mothers' age and the safety and effectiveness of new vaccines. Different geographical areas in Greece were associated with different vaccination perceptions, which was also observed in some areas in Italy (61).

The impact of education and income on maternal attitudes and perceptions toward childhood vaccination was also observed in this study. Maternal attitudes toward vaccination protection, safety, efficacy, usefulness, and commercial purposes were linked to maternal educational attainment, income and/or marital status, and age. Our research is consistent with the worldwide literature, which identifies education and income as crucial determinants of vaccination uptake and knowledge across the world (62–65). Also, a previously published study in Greece identified parental age, educational level, and marital status as an important influence of vaccination coverage (66). The results of our study can be used for future campaign to target specific groups to enhance positive attitudes toward vaccination. It is crucial to plan and design effective campaigns which will be population specific according to the maternal socio-demographic characteristics.

Conspiracy theories around childhood vaccination have been previously reported to influence childhood vaccination uptake (67, 68). To date, there has been no detailed investigation of this topic in Greece, however, few studies are providing preliminary insights into parental belief in conspiracy theories. Among them, our study showed that the majority of mothers agreed or remained neutral on the question related to the commercial purpose of vaccines, while a prior study revealed that some mothers support the link between vaccines and autism (66). A recent study in Greece identified the fear of vaccine-related side effects as the main reason of childhood COVID-19 vaccination refusal, while conspiracy theories (vaccines have other purposes) was not a popular reason (69). To develop a full picture of the role of conspiracy theories on childhood vaccination uptake in Greece, additional studies will be needed.

Regarding the positive, negative, and neutral attitudes, we observed different attitudes depending on the vaccination question. Positive maternal attitudes were recorded to general questions such as the vaccination protection, usefulness, and supply through the national vaccination program. On the other hand, fewer positive attitudes were recorded when mothers were asked about the safety of all vaccines and lifetime protection. Mothers possessed neutral attitude toward specific vaccination questions such as the safety and efficacy of new vaccines and the commercial purposes of some vaccines. We identified a considerably high ratio of mothers with neutral attitudes concerning the long-term vaccine-related problems, the safety and efficacy of the new vaccine, and the commercial purposes of some vaccines. The prevalent neutral attitudes toward specific vaccination questions may change to positive attitudes after interventions. Prior studies have noted the importance of educational interventions in parental knowledge and attitudes toward the vaccination of their children (70, 71). We believe that population-specific educational interventions in the Greek cohort are necessary to maintain a positive attitude toward vaccination and prevent a high level of vaccination hesitancy and negative attitudes toward vaccination in the future.

There are several important differences and similarities between our research and other studies in Europe. Most of the participants in our study did not believe that natural childhood illness is better than vaccination. By contrast, many parents in Finland supported that natural illness provides longer protection compared to vaccination (72). Interestingly, we revealed that a high proportion of women in Greece have not been vaccinated during pregnancy. Similarly, only a small percentage of women in Italy and Germany have received vaccinations during pregnancy (73, 74), while the uptake in the UK was considerably higher (75). Of note, women in the UK stated that pregnancy interferes with their decision to accept the COVID-19 vaccine (76). In regard to childhood vaccination delays, those were also observed in other European countries such as France, Belgium, and Albania (77–79).

It is also important to acknowledge the role of healthcare professionals in reshaping maternal attitudes toward vaccination. Literature highlights the positive influence of parental trust toward pediatricians and vaccination uptake (80). Previous studies among mothers and pregnant women in Greece and in Cyprus identified pediatricians as the primary and trustworthy source of vaccination-related information (55, 81, 82). In addition, two of those studies revealed the influence of pediatricians on childhood vaccination delay (55, 82). Therefore, interventions through pediatricians in Greece seem to be effective. Pediatricians should inform mothers, especially those with characteristics linked to negative and neutral attitudes, about vaccination benefits. A cost-effective approach is the development of a free mobile application with videos about vaccination which will be promoted by pediatricians (83, 84).

The prevalent negative and neutral attitudes toward vaccination may lead to inadequate vaccination uptake (65), and influence new vaccine acceptance (85). Negative maternal attitudes toward new vaccines were previously shown in the Greek cohort (60). In our study, most mothers were neutral regarding the safety and efficacy of new vaccines and opposed to the immediate vaccination after a new vaccine release. The low levels of new vaccine acceptance found in our study raise concerns about the acceptability of future vaccines such as the COVID-19 vaccine. Future studies focusing on new vaccine trust among mothers in Greece are therefore recommended. Nevertheless, the majority recognized the vaccine's usefulness and disease prevention and agreed that the benefits outweigh any potential vaccination risks. These findings raise intriguing questions regarding the process of developing trust and confidence toward new vaccines.

Our study also revealed that parental vaccination behaviors are closely related to their attitudes toward childhood vaccination. Mothers who adhered to the recommended dosages for each childhood vaccine did not delay the vaccination of their children and have been vaccinated during pregnancy have shown more positive attitudes compared to those who did not adhere to the prescribed vaccine dosages, delayed vaccination, and did not receive vaccinations during pregnancy. Research in the past few years also acknowledges that parental vaccination behavior and experiences influence childhood vaccination uptake, especially that vaccination-related side effects can cause delays or vaccine refusal (51). In addition, acceptance of seasonal influenza vaccination during pregnancy was associated with maternal intention to vaccinate their infants (86).

The COVID-19 pandemic has initiated conversations around regulations to minimize the transmission of the novel coronavirus while preserving human rights and diminishing health inequalities. COVID-19 vaccine approval and availability are milestones in the history of humanity and highlighted the emergency of understanding the vaccine hesitancy. Our findings may help us to understand the parental attitudes toward the childhood COVID-19 vaccination, since reveals the maternal sociodemographic characteristics and how they influence their attitudes and perceptions toward childhood vaccination at the beginning of the pandemic. Previous studies have shown that parental confidence in the COVID-19 vaccine positively influenced the vaccine acceptance for their children (87), while positive attitudes toward childhood vaccination and belief in the importance of vaccines do not reflect their willingness to accept the COVID-19 vaccination of their children (88). Here, we identified a high level of maternal hesitancy toward new vaccines, and specific maternal characteristics were associated with negative attitudes and perceptions. Although a higher percentage of mothers who received vaccinations during pregnancy agreed that children should be vaccinated immediately after the release of new vaccines, the majority remained neutral. It is crucial to provide useful sources of vaccination-related information, with a focus on topics such as vaccine development and approval to those groups and implement strategies to minimize the parental hesitancy toward childhood vaccination and increase the acceptance of new vaccines.

Despite our major research findings, this study has some limitations. Firstly, the data collection was done using convenience sampling through an online tool that limits our study representativeness. Our sample includes a higher proportion of highly educated women compared to the general population as well as a higher proportion of women living in urban areas, which could lead to selection bias. Nevertheless, the overrepresentation of such characteristics is possible to reflect greater health awareness and interest in science, whilst the use of online methods is the best solution for data collection in periods of social distancing due to the COVID-19 pandemic. Secondly, the self-reporting nature of data collection potentially leads to misreporting and information bias and potential under-or overestimations of reported associations. However, the latter is less of an issue as it is inherent in all types of knowledge/attitude assessment research. Thirdly, this is a cross-sectional study, therefore causal relationships between mothers' knowledge and vaccination behavior cannot be inferred. Despite these limitations, our study involved a fair number of participants with different social-demographic characteristics at a national level, however, the generalizability of the findings may be limited by possible selection bias due to language barrier, unfamiliarity with online survey tools, and the oversampling of a particular network of similar groups.



Conclusions

The study provides knowledge about the attitudes and perceptions of mothers in Greece regarding childhood vaccination. Most of the mothers participated in the study believe in the usefulness of vaccines and that vaccines protect children from serious and life-threatening diseases. In addition, the majority of the mothers strictly adhered to the prescribed dosage as indicated by the local recommendations for each vaccine, have delayed their child/children vaccination and have not been vaccinated during pregnancy. Educational level was a significant sociodemographic factor for most many of the attitudes. In addition, maternal attitudes toward childhood vaccination and previous maternal practices (i.e., adherence to recommender vaccine dosages, vaccination delays, and vaccination uptake during pregnancy) were associated with attitudes and perceptions about vaccination. Given the fact that multiple epidemics, outbreaks, and pandemics are happening worldwide over the years, revealing the attitudes and perceptions of mothers about childhood vaccination is essential for public health planning. The neutral attitudes toward vaccination raise concerns about possible negative attitudes in the future, while the previous parental vaccination behavior affects the childhood vaccination outcome. Healthcare professionals and public health decision-makers should consider the attitudes and perceptions of mothers on the development of educational programs and campaigns, by informing and encouraging mothers about childhood vaccination. This will be critical in the coming years, as mothers' vaccination practices for their children are anticipated to become increasingly significant in the wake of the COVID-19 pandemic.
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2(200)
$(80.0)
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2(200)
0
8(80.0)

4(40.0)
5(50.0)
1(10.0)

6(60.0)
4(40.0)
0

1(10.0)
2(200)
7(70.0)

1(10.0)
2(200)
7(70.0)

0
5(50.0)
5(50.0)

5(50.0)
3(300)
2(200)

26(53)
39 (8.0)
423 (36.7)

58 (11.9)
216 (44.3)
214 (43.8)

1327)
44(9.0)
431(88.3)

103 (21.1)
161 (33.0)
224 (45.9)

91(18.7)
166 (34.0)
231 (47.3)

7.4
65(13.3)
416 (85.3)

212 (43.4)
218 (44.7)
58 (11.9)

1327)
61(12.5)
414 (84.8)

268 (55.1)
166 (34.2)
52(10.7)

309 (63.4)
161 (33.1)
1735

71(14.6)
232 (47.5)
185 (37.9)

11(23)
50(10.2)
427 (87.5)

93 (19.1)
178 (36.5)
217 (44.4)

312(64.2)
133 (27.4)
41(8.4)

statistical significance after a Bonferroni correcti

53(38)
63 (4.6)
1,268 (91.6)

163 (11.8)
448 (32.4)
773 (55.8)

26(19)
72(5.2)
1,284 (92.9)

302 (21.9)
407 (29.4)
673 (48.7)

298 (21.6)
385 (27.9)
699 (50.5)

3022)
139 (10.0)
1,215 (87.8)

713 (51.5)
539 (39.0)
132(9.5)

34(25)
94(6.8)
1,255 (90.7)
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382 (27.6)
115(8.3)
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470 (34.0)
76 (5.5)

369 (26.7)
658 (47.6)
356 (25.7)

29(2.1)
62(4.5)
1,291 (93.4)

371 (26.8)
562 (40.7)
449 (32.5)

1,036 (74.9)
267 (19.3)
80(58)

n (p <0.05).

p-value

0.02

<0.01
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054

o1l

<0.01

<0.01

0.01

038

<0.01

<0.01

<0.01

<0.01
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Total

79(42)
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990 (52.6)
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1,726 (91.8)
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572 (30.4)
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208 (11.0)
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114 (64)

Yes
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47 (48.4)
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20(20.6)
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Total Unemployed State employee  Private Freelance  p-value Total None Low Moderate  High p-value
employee

Q1. All vaccinations provided by the National Vaccination Program must be offered to our children.

D 79(4.2) 247 16 (4.6) 2.1 1854) 015 79(4.3) 1(83) 9(33) 20(4.2) 46 (4.4) 027
N 102 (5.4) 23(5.0) 19(5.4) 34(4.6) 26(7.9) 99(5.3) 5(104) 12(44) 31(64) 51(49)

A 1,701 (90.4) 418 (90.3) 314(90.0) 683 (92.3) 286 (86.7) 1,676 (90.4) 39(81.3) 255(92.3) 430(89.4)  952(907)

Q2. All vaccines are safe.

D 23(119) 60(13.0) 50(14.3) 60 (8.1) s3(161) <001 220 (11.9) 11(229) 23(8.3) 61(126)  125(120) <001
N 667 (35.4) 174 (37.6) 104(29.8) 281 (38.0) 108 (32.7) 656 (35.4) 17(35.4) 127 (46.0) 171356)  341(325)

A 991(52.7) 229 (49.4) 195 (55.9) 398 (53.9) 169 (51.2) 977 (52.7) 20 (41.7) 126 (45.7) 249(518)  582(555)

Q3. Vaccines protect children from serious and life-threatening discases.

D 3921 12(26) 7(2.0) 13(18) 71 058 39(2.1) 2(42) 5018) 1327) 19(1.8) <001
N 116 (62) 31(7.3) 21(60) 37(5.0) 24(7.3) 13 (6.1) 10(208) 18(6.5) 33(69) 52(5.0)

A 1,725(917) 417 (90.1) 320 (92.0) 690(93.2) 298 (90.6) 1,700 (91.8) 36 (75.0) 253 (91.7) 434(904)  977(932)

Qu. Vaccination in childhood protects for a lifetime.

D 405 (21.5) 96 (208) 88(25.3) 145 (19.6) 76(230) 030 398 (21.5) 10(208) 44(159) 106(20) 238227 009

N 572(30.4) 149 (322) 107 (30.7) 222(30.0) 94 (28.5) 564 (30.4) 20(41.7) 90(326) 154(320) 300 286)

A 903 (48.1) 217 (47.0) 153 (44.0) 373(50.4) 160 (48.5) 891 (48.1) 18(37.5) 142(51.9) 221(460) 510 (48.7)

Q5. A vaccine always provides protection toa child.

D 389(20.7) 95 (20.6) 75(215) 147 (19.9) 72019 076 384/(207) 1307.1) 43(156) 107223 21011 003

N 553 (29.4) 147 (31.8) 102(292) 207 (28.) 97(29.5) 543 (29.3) 15(31.2) 96 (34.9) 151315) 281 (268)

A 938 (49.9) 220 (47.6) 172(49.3) 386 (522) 160 (48.6) 925 (50.0) 20(41.7) 136 (49.5) 222(62) 547 (52.1)

Q6. There are possible side effects from some vaceines.

D 3720) 6(13) 6(17) 12(16) 1369) 001 37 (2.0) 2(42) 2007 6(13) 27 2.6) 0.04

N 207(11.0) 63(13.6) 34(98) 87(118) 23(7.0) 203 (10.9) 9(18.7) 38(138) 53(110) 103 (9.8)

A 1,638 (87.0) 394 (85.1) 309 (88.5) 641 (86.6) 294 (89.1) 1,614 (87.1) 37(77.0) 236 (85.5) 2287.7)  919(87.6)

Q7. Vaceines can cause long-term problems in children.

D 928 (49.3) 21245.8) 176 (50.4) 373(50.4) 167(506) 003 914 (49.3) 21 (43.8) 130 (47.1) 205(47) 548 (522) 002

N 764 (40.6) 202(43.6) 132(37.8) 311(420) 119.(36.1) 752 (40.6) 18(37.5) 122(44.2) 208(453) 394 (37.6)

A 190 (10.1) 49(106) 41(118) 56(7.6) 44(13.3) 188 (10.1) 9(18.7) 24(87) 48(100) 107 (102)

Q8. The benefits of vaccination outweigh the potential risks.

D 148(26) 12(26) 9(26) 13(18) @3 on 48(26) 2(42) 5(18) 1327) 2827 <001
N 155 (82) 145097 32(9) 19(66) 29(88) 152(82) 1307.1) 28(10.2) 2(87) 69(66)

A 1,678 (89.2) 406 (87.7) 308 (88.2) 678 (91.6) 286 (86.9) 1,653 (89.2) 33(68.7) 243 (88.0) 425(88.6)  952(90.7)

QY. Large number of vaccines can adversely affect the immune system of children.

D 1,159.(617) 272(587) 220(63.0) 466 (63.1) 201(6L) <001 1,145 (61.9) 20(41.7) 160 (58.2) 207(618) 668 (63.8) 002
N 553 (29.4) 143 (309) 99 (28.4) 28 (309) 83(252) 542 (29.2) 21437) 96 (34.9) 141093 284(7.1)

A 167 (89) 48 (104) 30(8.6) 44(6.0) 45(137) 164 (8.9) 7(146) 19(69) 43(8.9) 959.1)

QI0. Children should be vaccinated immediately after the release of a new vaccine.

D 1,148 (61.1) 304 (65.7) 208 (59.9) 440 (59.5) 196(596)  0.06 1,135(613) 38(79.2) 189 (68.5) 202(608)  616(58.8) 001

N 637 (33.9) 148 (31.9) 117(337) 260 (35.2) 112 (34.0) 625(33.8) 7(146) 76(27.5) 168(350) 374 (357)

A 93(5.0) 1124) 22(64) 39(5.3) 21(64) 91 (49) 3(62) 11(40) 20(4.2) 57 (5.4)

Q111 doubt the safety and effectiveness of new vaccines.

D 441 23.4) 76 (16.4) 94(27.0) 179 24.2) 920279 <001 434 (23.4) 7(146) 51(18.5) 101210)  275(262) 0.01

N 895 (47.6) 222 (48.) 163 (46.8) 364 (19.2) 146 (44.2) 879 (47.4) 21(43.7) 131(47.5) 27(72) 500 (47.7)

A 545 (29.0) 165 (35.6) 91(26.2) 197 (26.6) 92(27.9) 541(29.2) 20 (41.7) 94 (34.0) 153(318) 274 (26.1)

Q2. believe in the usefulness of vaccines.

D 101 9(19) 9(26) 12(16) 060 059 4122 3(63) 602 8(1.7) 2423) <001
N 114 (6.1) 31(67) 22(63) 38(5.2) 23(7.0) 12(6.1) 11(229) 19(69) 30(6.2) 52(5.0)

A 1,726(918) 423 (91.4) 318 (9L1) 688 (93.2) 297 (90.0) 1,699 (91.7) 34(708) 251(90.9) 420020)  972(927)

Q13. Some vaccines are made for commercial purposes.

D 465 (24.7) 84(18.1) 89(25.7) 201 (27.2) 91275 002 459 (248) 7(146) 37(13.4) 120050)  295(28.1) <001
N 746 (39.7) 199 (43.0) 134(38.6) 292.(39.5) 121(36.7) 733 (39.5) 1327.1) 129 (46.7) 183(381) 408 (389)

A 669 (35.6) 180 (38.9) 124(357) 27 (333) 118 (35.8) 661 (35.7) 28(58.3) 110 (39.9) 177(369) 316 (33.0)

Q4.1 think natural childhood illness is better than vaccination.

D 1,354 (72.1) 311(673) 244/(69.9) 553 (74.8) 246 (748)  0.01 1,333 (72.0) 24 (50.0) 186 (67.4) 339(708)  784/(748) <001
N 103 21.4) 121(262) 78 (22.4) 149 (202) 55(16.7) 398 (21.5) 18(37.5) 81(293) 107(223)  192(183)

A 122 (65) 30(65) 27(7.7) 37 (5.0) 28(8.5) 120 (6.5) 6(125) 9(33) 33(69) 72(69)

D, absolutely disagre

isagree; N, neither disagree nor agree; A, agree/absolutely agree; Bold font indicates statistical significance after a Bonferroni correction (p < 0.05).
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Total number of mothers [N (%)] 1,885 (100)

Mean age of mothers [years (SD)J* 363(5.0)
Gender of children [N (%)]* Boys 1,529 (51.8)
Girls 1,421 (48.2)
Median age of children [months (IQR)]® 42 (24-72)
Geographical region of residence [N (%) Attica 883 (46.8)
Central Greece 245 (13.0)
North Greece 546 (29.0)
Grete/Aegean Islands 211(11.2)
Area of residence [N (%)) Urban 1,577 (87.0)
Rural 235 (13.0)
Marital status of mother [N (%)]° Unmarried 28 (1.5)
Married/In cohabitation 1,789 (95.1)
Divorced/Separated/Widowed 64(3.4)
Single parent family [N (%)]* No 1,785 (94.9)
Yes 97 (5.1)
Educational attainment of mother [N (%)]* Primary education 10 (06)
Secondary education 488 (25.9)
Higher education 1,384 (73.5)
Employment status of mother [N (%))* Unemployed 463 (24.6)
State employee. 349 (18.5)
Private employee 740 (39.4)
Freelance 330 (17.5)
Income status of mother [N (%)]" No income 48 (2.6)
Low (< €1,1001/month) 276 (14.9)
Medium 481 (25.9)
(€1,101-1,500/month)
High (> €1,500/month) 1,049 (56.6)
Do you strictly adhere to the prescribed dosage as No 107 (57)
indicated by the local recommendations for each Yes 1,770 (943)
vaceine? [N (9%)J¢
Have you ever delayed your child/children No 910 (48.5)
vaccination? [N (%)]" Yes 966 (51.5)
1f you have delayed your child/children Lack of clear information 59(106)
vaccination, what is the main reason? [N (%))" Pediatricians advise 146 (26.3)
Fear of vaccine side effects 90(162)
Increased cost of 91 (16.4)
vaceines/Medical examination
Long distance from the 2138
vaccination site
Other® 86(15.5)
Combination of above reasons. 62(112)
Have you been vaccinated during your pregnancy? No 1,423 (75.7)
N Yes 456 (24.3)

SD, standard deviation; IQR, interquartile range; N = 1,882; PN = 2,950 (total number of children who were reported by their mothers); N = 1,885; 4N = 1,812; °N = 1,881; 'N = 1,854;
BN = 1,877: "N = 1,876; 'N = 555; IN = 1,879; ¥Lack of vaccine/vaccination wi due to ill ence/workload.

not allowe

or medication/negli
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