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Abstract 
Objectives - To assess trends in intention to accept a COVID-19 vaccine between 1 December 2020 and 

25 February 2021, explore associations between socio-demographic factors and vaccination intention and 

investigate how COVID-19 vaccine- and illness-related attitudes, beliefs and emotions influence vaccination 

intention. 

Design - Prospective household community cohort study of COVID-19 infection (Virus Watch). 

Setting - Online survey of Virus Watch study participants in the community across England and Wales. 

Participants - Individuals could enrol in Virus Watch if all household members agreed to participate and at 

least one household member had access to the internet, an email address, and could read English. All 

Virus Watch participants aged 16 years and over who responded to questions relating to COVID-19 

vaccine intention in questionnaires between December 2020 and February 2021 were included in this 

analysis. 

Main outcome measures - Vaccination intention was measured by individual participant responses to 

‘Would you accept a COVID-19 vaccine if offered?’, collected between 1-14 December 2020 and 17-25 

February 2021. Possible responses were ‘Yes’, ‘No’ and ‘Unsure’ (December 2020 & February 2021) and 

‘Already had a COVID-19 vaccine’ (February 2021 only). Responses to a 13-item questionnaire collected 

between 4-11 January 2021 were analysed using factor analysis to investigate psychological influences 

(attitudes, beliefs and emotions) on vaccination intention. 

Results - Survey response rate was 56% (20,792/36,998) in December 2020 and 52% (20,284/38,727) in 

February 2021, with 14,713 adults reporting across both time points. Of participants reporting across both 

timepoints, 13,281 (90%) answered ‘Yes’ and 1,432 (10%) responded ‘No’ or ‘Unsure’ in December 2020. 

Of those answering ‘No’ or ‘Unsure’ in December 2020, 1,233 (86%) went on to answer ‘Yes’ or ‘Already 

had a COVID-19 vaccine’ in February 2021. The magnitude of this shift was consistent across all ethnic 

groups measured and all levels of social deprivation. Age was most strongly associated with vaccination 

intention, with 16–24-year-olds more likely to respond “No” or “Unsure” than those aged 75+ in December 

2020 (RR: 4.32, 95% CI: 2.40-7.78 & 2.93 95% CI: 2.19-3.92, respectively) and February 2021 (RR: 5.30 

95% CI: 1.39-20.20 & 20.21 95%CI: 7.19-56.78). The association between ethnicity and vaccination 

intention has weakened, but not disappeared, over time. Both vaccine- and illness-related psychological 

factors were shown to influence vaccination intention.  

Conclusions - Over four in five adults (86%) who were reluctant or intending to refuse a COVID-19 

vaccine in December 2020 had changed their mind in February 2021 and planned on accepting, or had 

already accepted, a vaccine.  
 
  



 
 
Introduction 

Alongside availability and delivery, vaccination intention, which refers to the intention to take or refuse a 

vaccine when offered, determines the success of a vaccination programme. In 2019, the World Health 

Organization listed the reluctance or refusal of vaccines as one of the top threats to global public health.1 

Patterns and drivers of vaccination intention vary over time and region, correlating to local politics, history 

and religion.2 

The UK’s COVID-19 vaccination programme plans to achieve high levels of vaccination coverage across 

the population.3 Diverse supply chains and delivery through primary care services has meant the UK 

currently has one of the highest COVID-19 vaccination rates in the world.4 Public intention to take a 

COVID-19 vaccine when offered is high in the UK,5 but early evidence of disparities between ethnic and 

social groups has led to significant concern among public health practitioners, the NHS (which is leading 

the UK’s vaccine delivery), voluntary sector organisations, and politicians.6–8  

Previous studies have found that age, ethnicity, income and education are independently associated with 

COVID-19 vaccination intention.9,10 More specifically, they find that young adults, people from most minority 

ethnic backgrounds, people on low income and people with low education levels are more likely to be 

reluctant or refuse a COVID-19 vaccine. It is likely that reluctance or refusal to take a vaccine is 

contributing to the disparities in COVID-19 vaccination coverage, which is lower in most minority ethnic 

populations and in areas of higher deprivation.11,12 However, it is unclear to what extent disparities in 

COVID-19 vaccination coverage are a result of differences vaccination intention as opposed to structural 

factors that determine access to healthcare services.13,14   

Evidence gathered before the UK COVID-19 vaccination programme commenced suggested that beliefs 

around the efficacy and safety of COVID-19 vaccines are likely to be the greatest psychological influence 

on vaccination intention.15 It is not clear if this remained true since the COVID-19 vaccination programme 

began and if beliefs and perceptions around the risk of COVID-19 illness also influence vaccination 

intention.  

Disparities in COVID-19 vaccination coverage are especially concerning given the greater risk of COVID-19 

infection, severe illness and death in most minority ethnic populations and areas of high deprivation.16,17 

Following concerted and targeted action to increase public intention to take a COVID-19 vaccine, it is not 

yet clear how, or whether, vaccination intention is changing over time in England and Wales.  

This study aims to: 

1. Examine whether and how COVID-19 vaccination intention has changed over time, across different 

populations in England and Wales 

2. Investigate socio-demographic factors associated with current vaccination intention in England and 

Wales 



 
 

3. Investigate how vaccine- and illness-related psychological factors (attitudes, beliefs and emotions) 

may influence  vaccination intention and whether these factors vary across populations  



 
 
Methods 

Study design and procedure 

Data for this analysis was collected as part of the Virus Watch study, a large prospective household 

community cohort study of the transmission and burden of COVID-19 in England and Wales. The full study 

design and methodology has been described elsewhere.18 Data collection using online REDCap surveys 

began on 24 June 2020 and is ongoing. 

After enrolling in the study, an initial baseline survey collected demographic, occupation, financial and 

medical history data from participants. Thereafter, participants were surveyed weekly (contacted by email) 

on the presence or absence of symptoms that could indicate COVID-19 disease, activities undertaken prior 

to symptom onset, any SARS-CoV-2 swab  test results, and COVID-19 vaccine uptake in the previous 

week. Bespoke monthly surveys collected detailed information on potential determinants of SARS-CoV-2 

infection and COVID-19 disease.  

Participants 

Participants were recruited into the Virus Watch study using a range of methods including by post, social 

media, SMS messages or personalised letters with incentives from General Practices. Participants were 

eligible if all household members agreed to take part, if they had access to the internet (Wi-Fi, fixed or on a 

mobile phone) and an email address. At least one household member had to be able to read English to 

complete the surveys. Participants were not eligible if their household was larger than 6 people (due to 

limitations of the online survey infrastructure).  

In the analyses described in this report, we excluded respondents under the age of 16 for two reasons. 

First, survey responses are more likely to represent parental views than views of children themselves as 

the surveys may be completed by an adult on their child’s behalf. Second, children are not yet eligible for 

vaccination in the UK, which may have influenced parents’ intention to vaccinate their children.   

Exposures 

We explored key demographic, social, and clinical variables that could be associated with COVID-19 

vaccination intention amongst adults. Age (on entry to the study) and sex (at birth) were defined a priori as 

variables of interest. Other variables of interest included self-reported ethnicity, grouped as per the 

following ONS categories: ‘White British’, ‘White Irish’, ‘White Other’, ‘South Asian’, ‘Other Asian’, ‘Black’, 

‘Mixed’, ‘Other ethnicity’; whether born in the UK or born abroad; region of residence within England and 

Wales; small area-level deprivation using the Indices of Multiple Deprivation (IMD) based on postcode of 

residence;19 presence of comorbidities associated with higher risk of adverse COVID-19 outcomes (as 

defined by Public Health England - see Appendix IA) based on data from the baseline survey; health or 

care worker status; and inclusion within one of the UK Joint Committee on Vaccination and Immunisation 

(JCVI)’s priority groups for COVID-19 vaccination (see Appendix IA).20 Data on exposure variables were 

collected through the baseline survey completed on entry into the Virus Watch study. 



 
 
Outcomes  

The primary outcome of interest was each participant’s response to the following question: ‘Would you 

accept a COVID-19 vaccine if offered?’. Outcome data were collected over two separate time periods (1-14 

December 2020 and 17-25 Feb 2021) through surveys sent to the whole Virus Watch cohort on the first 

listed day. Possible responses were: ‘Yes’, ‘No’, ‘Unsure’ (December and February surveys), and ‘Already 

had a COVID-19 vaccine’ (February survey only).  

Between 4th-11th January 2021, psychological influences on vaccination intention were surveyed using a 

13-item questionnaire measuring attitudes, beliefs and emotions related to COVID-19 illness and 

vaccination. This questionnaire was adapted from a 16-item measure used in the Flu Watch cohort study to 

measure vaccination-related attitudes during the H1N1 influenza pandemic;15 three items were removed, 

and the wording of the remaining items adapted to reflect the current pandemic situation. Participants rated 

their agreement for all items on a 5-point Likert scale (‘strongly disagree’ – ‘strongly agree’), with negative-

worded items reverse coded prior to analysis. The full questionnaire is provided in Appendix II. 

Statistical analysis  

Baseline and monthly survey response data were extracted from REDCap, linked, and analysed in Stata 

(version 16.0, StataCorp). Observations missing data on the primary outcome of interest were excluded 

from the denominators of all analyses. Respondents with missing baseline information were excluded from 

only the relevant explanatory variable denominator; for example, those missing a postcode were excluded 

from analyses by region and IMD.  

To examine changes in intention over time, responses to the February survey were compared to those from 

December among individuals with complete data at both time points. We grouped ‘No’ and ‘Unsure’ 

responses due to small numbers. The percentage change in response was calculated overall and by 

ethnicity and IMD quintile. We suppressed low cell counts across certain categories to reduce the 

possibility of deductive disclosure. 

We used mixed-effects Poisson regression with robust standard errors to derive risk ratios and 95% 

confidence intervals for the association between a range of demographic, social, and clinical participant 

characteristics and responses to the question ‘Would you accept a COVID-19 vaccine if offered?’ in the 

December 2020 and February 2021 surveys. In the first model we compared those responding ‘No’ with 

those responding ‘Yes’, and in the second model we compared those responding ‘Unsure’ with those 

responding ‘Yes’. Guided by the Virus Watch study’s community advisory group, we investigated these 

responses separately to illustrate any differences in factors associated with uncertainty versus those 

associated with intention to refuse. We first tested the association for each variable separately, adjusting 

only for age and sex (a priori variables). Variables that were significantly associated in univariable analyses 

and considered theoretically relevant to vaccine intention were included in the fully-adjusted multivariable 

models of both outcomes (“Yes” vs “No” and “Yes” vs “Unsure”). The multivariable models also included a 

random term to account for clustering at the household level. 



 
 
To identify psychological influences on vaccination intention, survey responses from the January monthly 

survey were split into a ‘training’ dataset (n=10088 responses) for exploratory factor analysis and a ‘cross-

validation’ dataset (n=10890) for confirmatory factor analysis.  

Further details of the approach are in Appendix IV. To assess whether psychological factors differed by socio-

demographic characteristics, we compared median factor scores based on their exact 95% confidence 

intervals by age group, sex, IMD quintile, and ethnicity.  

Patient and public involvement  

The study team worked with the Race Equality Foundation and Doctors of the World who advised on the 

inclusion of people from minority ethnic backgrounds in Virus Watch and set up a community advisory 

group to inform the ongoing design and dissemination of health equity aspects of Virus Watch. This 

advisory group, consisting of lay members of the public, community leaders, charities and policy 

organisation, guided and reviewed the analyses described in this paper.  

Results 

When data were extracted on 25 February 2021, there were 22,556 households and 46,539 people taking 

part in Virus Watch across England and Wales, of whom 40,797 were adults aged 16 years and over and 

4,412 (11%) people from minority ethnic backgrounds (Table 1). 

1. Trends in vaccination intention 

Participants responded to the survey question “Would you accept a COVID-19 vaccine if offered?”. The 

response rate for participants aged 16 or over to the bespoke monthly survey in December 2020 was 56% 

(20,792/36,998) and in February 2021 was 52% (20,284/38,727), with 14,713 adults reporting across both 

time points. Table 1 summarises the characteristics of people who answered these surveys.  

In December 2020, 18,517 (89%) participants responded “Yes”; 1,813 (9%) said they were “Unsure”; and 

462 (2%) responded “No”. In February 2021, 7,778 (38%) participants responded “Already had a COVID-19 

vaccine”; 12,039 (59%) responded “Yes”; 284 (1%) said they were “Unsure”; and 183 (1%) responded “No” 

(see Appendix IB for full description of responses by explanatory variables).  

Examining only participants who answered the survey question at both timepoints, 13,281 responded “Yes” 

in December 2020. Of these, 13,190 (99%) went on to respond “Yes” or “Already had a COVID-19 vaccine” 

and 91 (1%) to respond “No” or “Unsure” in February 2021 (Table 2). 

Again, examining only participants who answered the survey question at both timepoints, 1,432 responded 

“No” or “Unsure” in December 2020. Of these, 1,233 (86%) went on to respond “Yes” or “Already had a 

COVID-19 vaccine” in February 2021. 199 (14%) responded “No” or “Unsure” once again in February 2021. 

This shift in the intention to accept a COVID-19 vaccine was observed at a similar magnitude across all 

ethnic groups measured ranging from 72% in people from Mixed ethnic backgrounds to 90% in people from 

South Asian ethnic backgrounds (Table 2). It is also consistent across all IMD quintiles ranging from 79% to 



 
 
89%. Where cell sizes are less than 10, percentages are presented without denominators to minimise the 

possibility of deductive disclosure. 

Table 1. Characteristics of adult Virus Watch study participants (25th February 2021) and those responding to the 
question on COVID-19 vaccine acceptance in December 2020, in February 2021, and in both surveys.  

 

Virus Watch 

adults (n=40,797) 

December survey 

adults (n=20,792) 

February survey 

adults (n=20,284) 

Both surveys 

adults (n=14,713) 

  n % n % n % n % 

Sex (at birth)                 

Male 13,652 33.5 7,949 38.2 8,210 40.5 6,120 41.6 

Female 18,369 45.0 10,399 50.0 9,092 44.8 6,779 46.1 

Other or missing 8,776 21.5 2,444 11.8 2,982 14.7 1,814 12.3 

Age (years)                 

16-24 2,659 6.5 970 4.7 1,163 5.7 755 5.1 

25-34 3,796 9.3 1,251 6.0 1,277 6.3 807 5.5 

35-44 5,158 12.6 1,909 9.2 1,881 9.3 1,212 8.2 

45-54 6,231 15.3 2,885 13.9 2,798 13.8 1,959 13.3 

55-64 9,457 23.2 5,239 25.2 5,057 24.9 3,726 25.3 

65-74 10,396 25.5 6,660 32.0 - 32 - 34 

75+ 3,100 7.6 1,878 9.0 - 8 - 9 

Place of birth                 

Born in UK 28,220 69.2 16,720 80.4 15,552 76.7 11,816 80.3 

Born abroad 3,853 9.4 1,658 8.0 1,774 8.8 1,103 7.5 

Missing 8,724 21.4 2,414 11.6 2,958 14.6 1,794 12.2 

Ethnicity                 

White British 27,563 67.6 16,506 79.4 15,373 75.8 11,713 79.6 

White Irish - 1 - 1 - 1 - 1 

White Other - 4 - 4 - 4 - 4 

South Asian - 3 - 1 - 2 - 1 

Other Asian - 1 - 2 - 1 - 1 

Black - 1 - <0.5 - <0.5 - <0.5 

Mixed - 1 - 1 - 1 - 1 



 
 

Other ethnicity - <0.5 - <0.5 - <0.5 - <0.5 

Prefer not to disclose or missing 8,822 21.6 2,450 11.8 2,991 14.8 1,811 12.3 

Region                 

East Midlands 3,046 7.5 1,415 6.8 1,698 8.4 1,387 9.4 

East of England 7,934 19.5 1,851 8.9 4,358 21.5 2,945 20.0 

London 5,407 13.3 3,986 19.2 2,250 11.1 1,460 9.9 

North East 1,846 4.5 2,351 11.3 922 4.6 717 4.9 

North West 3,968 9.7 1,054 5.1 2,030 10.0 1,589 10.8 

South East 6,817 16.7 2,313 11.1 3,637 17.9 2,506 17.0 

South West 2,542 6.2 3,464 16.7 - 7 - 8.1 

West Midlands 1,943 4.8 1,176 5.7 - 5 - 5.7 

Yorkshire and The Humber 1,749 4.3 1,088 5.2 - 5 - 5.2 

Wales 903 2.2 481 2.3 - 2 - 2.2 

Missing 4,642 11.4 1,415 6.8 - 8 - 6.8 

IMD (quintiles)                 

1 (most deprived) 2,100 5.2 1,024 4.9 - 4 - 4 

2 4,642 11.4 2,260 10.9 - 10 - 9 

3 7,358 18.0 3,808 18.3 3,615 17.8 2,625 17.8 

4 10,086 24.7 5,556 26.7 5,503 27.1 4,034 27.4 

5 (least deprived) 11,969 29.3 6,729 32.4 6,805 33.6 5,020 34.1 

Missing 4,642 11.4 1,415 6.8 - 8 - 7 

Health or care worker status 1,663 4.1 894 4.3 - 4 - 4 

Priority health condition 14,864 36.4 9,251 44.5 8,363 41.2 6,437 43.8 

JCVI priority groups                 

Group 2 2,615 6.4 1,446 7.0 - 6 - 6 

Group 3 2,137 5.2 1,318 6.3 - 6 - 6 

Group 4 6,216 15.2 3,866 18.6 - 18 - 19 

Group 5 5,047 12.4 3,212 15.5 - 16 - 17 

Group 6 6,224 15.3 3,472 16.7 3,191 15.7 2,376 16.2 

Group 7 2,834 7.0 1,515 7.3 - 8 - 8 



 
 

Group 8 2,618 6.4 1,230 5.9 - 6 - 6 

Group 9 2,139 5.2 941 4.5 - 5 - 5 

Not in any JCVI priority group 10,967 26.9 3,792 18.2 4,019 19.8 2,542 17.3 

*Due to low cell counts across certain categories of explanatory variables, the data with “-” have been suppressed to reduce the possibility of 

deductive disclosure. 

Table 2: Change in responses to "Would you accept a COVID-19 vaccine if offered" from December to February, by 
ethnicity and IMD quintile* 

 
“Yes” in Dec 2020 

N=13,281 (90%) when asked again in Feb 2021 
“No or Unsure” in Dec 2020 

N=1,432 (10%) when asked again in Feb 2021 

  
Yes or Already had 

N=13,190 (99%) 
No or Unsure 

N=91 (1%) 
Yes or Already had 

N=1,233 (86%) 
No or Unsure 
N=199 (14%) 

Ethnicity category (n=12,902)     

   White British 10,650 (99%) 61 (1%) 876 (87%) 126 (13%) 

   White Irish - (98%) - (2%) - (78%) - (22%) 

   White Other - (99%) - (1%) - (78%) - (22%) 

   South Asian - (98%) - (2%) - (90%) - (10%) 

   Other Asian - (99%) - (1%) - (73%) - (27%) 

   Black - (96%) - (4%) - (88%) - (13%) 

   Mixed - (98%) - (2%) - (72%) - (28%) 

   Other Ethnicity - (100%) - (0%) - (79%) - (21%) 

IMD Quintile (n=13,715)     

   1 (Most deprived) -  (99%) -  (1%) -  (83%) -  (17%) 

   2 -  (99%) -  (1%) -  (79%) -  (21%) 

   3 2,338 (99%) 21 (1%) 229 (86%) 37 (14%) 

   4 3,656 (99%) 22 (1%) 307 (86%) 49 (14%) 

   5 (Least deprived) 4,597 (99%) 24 (1%) 357 (89%) 42 (11%) 

*Due to low cell counts across certain categories of ethnicity and IMD, the data with “-” have been suppressed to reduce the possibility of deductive 

disclosure. 

 

2. Factors associated with uncertainty or intention to refuse vaccination   

Sex at birth, age group, ethnicity, IMD quintile and having a priority health condition were included in all 

fully-adjusted multivariable regression models (Figure 1). In the final models, age was most strongly 

associated with vaccination intention in both models, with low intention to accept a COVID-19 vaccine 

inversely related to age. In the February survey 25–35-year-olds were over eight times (RR 8.58, 95%CI 

2.35, 31.4) more likely to say ‘No’ and 16-24-year-olds were twenty times (RR 20.02, 95%CI 7.19, 56.8) 

more like to say ‘Unsure’ compared with over-75-year-olds.  



 
 
In December 2020, females were more likely to respond ‘Unsure’ compared to males (RR 1.34, 95% CI 

1.24, 1.44). There was no significant difference by sex observed in February 2021. People with a health 

condition that is prioritised for COVID-19 vaccination (as defined by Public Health England - see Appendix 

IA) are more likely to respond ‘Yes’ across both time points. 

In December 2020, ethnicity was associated with vaccine intention after adjustment for all other explanatory 

variables. People from White Other (‘No’: RR 2.07, 95%CI 1.38, 3.08, p<0.001; ‘Unsure’: RR 1.35, 95%CI 

1.11, 1.65, p<0.001), South Asian (‘No’: RR 2.52, 95%CI 1.26, 5,06, p=0.009; ‘Unsure’: RR 1.58, 95%CI 

1.07, 2.33, p=0.021), Black (‘No’: RR 4.78, 95%CI 1.98, 11.51, p<0.001; ‘Unsure’: RR 3.57, 95%CI 2.36, 

5.40, p<0.001), and Other (‘No’: RR 2.8, 95%CI 1.16, 6.74, p=0.022; ‘Unsure’: RR 1.89, 95%CI 1.09, 3.26, 

p=0.023) ethnic backgrounds more likely to say ‘No’ and ‘Unsure’ compared with those from White British 

backgrounds. In February 2021, this association was much weaker and disparities in vaccine intention 

between ethnic groups were reduced. Only people from Black ethnic backgrounds (RR 5.45, 95%CI 1.46, 

20.3, p=0.012) remained more likely to say ‘No’ compared to White British people, and only people from 

White Other ethnic backgrounds (RR 2.58, 95%CI 1.67, 3.98) remained more likely to say ‘Unsure’ 

compared to White British people. 

Across both time points, there was a gradient in vaccine intention by local area deprivation. In December 

2020, people living in the two most deprived quintiles (IMD=1 and IMD=2) were more likely to say ‘No’ and 

‘Unsure’ compared to those living in the least deprived quintile (IMD=5). In February 2021, only those from 

IMD=2 were more likely to say ‘No’ and ‘Unsure’ (‘No’: RR 2.62, 95%CI 1.38, 4.97, p=0.003; ‘Unsure’: RR 

2.38, 95%CI 1.5, 3.77, p<0.001) compared to those living in least deprived quintile.  

A. 



 
 

 
Figure 1A: Risk ratio estimates and 95% confidence intervals from multivariable regression models exploring factors 
associated with intention to accept a COVID-19 vaccine (‘No’ or ‘Unsure’ compared with ‘Yes’) in December 2020 (see 
tables in Appendix IB, IC). Estimates are adjusted for all other variables in the model. 



 
 
B. 

 
Figure 1B: Risk ratio estimates and 95% confidence intervals from multivariable regression models exploring factors 
associated with intention to accept a COVID-19 vaccine (‘No’ or ‘Unsure’ compared with ‘Yes’) in February 2021 (see 
tables in Appendix IB, IC). Estimates are adjusted for all other variables in the model.     

 

3. Psychological influences on vaccination intention  

Exploratory factor analysis (EFA) of responses to the 13-item questionnaire suggested a two-factor 

structure. Factor 1 comprises beliefs and concerns around the efficacy, safety, side-effects, and time 

burden of vaccination and is made up of eight questions (items 6-13 in questionnaire, see supplementary 

materials), e.g. “I am concerned that the COVID-19 vaccine will not have been tested enough”. Factor 2 

comprises risk perception and concern around acquiring, transmitting, and suffering severe effects of 

COVID-19 and is made up of four questions (items 1-4 in questionnaire), e.g. “I do not think that I am at risk 

of COVID-19”. A single item (item 5: “worry about time off work/education due to COVID-19”) was removed 

during EFA due to improved scale reliability after removal (Cronbach’s α 0.75 vs 0.78), and low 

communality and factor loadings. This item was considered theoretically relevant and retained as an 

individual item in later analyses. Removal of this item did not substantially affect the EFA results. All indices 

of relative and absolute fit based on confirmatory factor analysis (CFA) indicated that the two-factor EFA 



 
 
model was the best fit to the data, compared to univariable models including or excluding Item 5. Detailed 

EFA results pre- and post-removal and CFA results including factor loadings and indices of relative and 

absolute fit are reported in Appendix III.  

Factors 1 and 2 were found to consistently predict responding “Unsure” or “No” when participants were 

asked about their vaccination intention (Table 3). The first factor, relating to COVID-19 vaccines, 

demonstrated the strongest association with being unsure about vaccination (December RR: 0.29 [0.27, 

0.31]; February RR:  0.20 [0.17, 0.24]) and intended refusal (December RR: 0.22 [0.20, 0.25]; February RR: 

0.25 [0.20, 0.31]). The second factor, relating to COVID-19 illness, was also predictive of being unsure 

(December RR: 0.64 [0.60, 0.68]; February RR: 0.35 [0.29, 0.41]) and intended refusal (December RR: 

0.41 [0.36, 0.47]; February RR: 0.43 [0.32, 0.57]). Worries about missing work or education due to COVID-

19 (item 5), for which analyses were limited to participants who reported being in work or education, were 

associated with an increased risk of being unsure about taking a COVID-19 vaccine (RR:1.06 [1.01, 1.12]), 

but not intended refusal (RR: 1.04 [0.92, 1.17]) in December only. 

Both psychological factors varied by age (Table 4), with more positive vaccination-related attitudes and 

greater concern about COVID-19 illness in older age groups, based on Factors 1 and 2 (e.g., for both 

factors, median for 16-24 years: 4, 95% CI: 4,4; 75+ years: 5 95% CI: 5, 5) . White British participants had 

higher median scores (5, 95% CI: 5, 5) for Factor 1, indicating more positive views about  COVID-19 

vaccines compared to participants from several minority ethnic minority groups, including participants 

identifying as Black (4, 95%CI: 3.5, 4), South Asian (4, 95%CI: 4, 4.5), Other Asian (4, 95%CI: 4, 4.5), 

White Other (4.5, 95%CI: 4.5, 4.5), and Other Ethnicity (4, 95%CI: 4, 4.93). Perceptions and concerns 

about COVID-19 illness did not differ by ethnicity.  

 
Table 3. Risk Ratios between Psychological Factors and COVID-19 Vaccine Intention 

  Risk Ratio (95% CI) 

  December February 

  Unsure No Unsure No 

Factor 1 - Beliefs and concerns around 
vaccination 

0.29 
(0.27, 0.31) 

0.22 
(0.20, 0.25) 

0.20 
(0.17, 0.24) 

0.25 
(0.20, 0.31) 

Factor 2 - Illness-related risk perception and 
concern 

0.64 
(0.60, 0.68) 

0.41 
(0.36, 0.47) 

0.35 
(0.29, 0.41) 

0.43 
(0.32, 0.57) 

Item 5 - ‘I was worried about having to take 
time off work/education because of COVID-
19’* 

1.06 
(1.01, 1.12) 

1.04 
(0.92, 1.17) 

1.16 
(0.97, 1.40) 

1.16 
 (0.95, 1.43) 

*limited to participants in work/education at baseline 
 
  



 
 
Table 4. Median Factor Scores by Socio-Demographic Characteristics 

      Median (95% CI) 

    Factor 1  
 
Beliefs and 
concerns around 
vaccination 

Factor 2  
 
Illness-related risk 
perception and 
concern 

Item 5 
 
‘I was worried about 
having to take time off 
work/education 
because of COVID-
19’* 

Age Group 16-24 4 (4-4) 4 (4, 4) 4 (3, 4) 

  25-34 4.5 (4.5-4.5) 4 (4, 4) 3 (3, 3) 

  35-44 4.5 (4, 4.5) 4 (4, 4) 3 (3, 3) 

  45-54 4.5 (4.5, 4.5) 4.5 (4.5, 4.5) 3 (3, 3) 

  55-64 5 (5, 5) 4.5 (4.5, 4.5) 3 (3, 3) 

  65-74 5 (5,5) 5 (5, 5) 2 (2, 3) 

  75+ 5 (5, 5) 5 (5, 5) 2 (2, 3) 

Sex Male 5 (4.5, 5) 4.5 (4.5, 4.5) 3 (3, 3) 

  Female 5 (5, 5) 4.5 (4.5, 4.5) 3 (3, 3) 

Ethnicity White British 5 (5, 5)  4.5 (4.5, 4.5) 3 (3, 3) 

 White Irish 5 (4.5, 5)  4.5 (4.5, 5) 3 (2, 4) 

 White Other 4.5 (4.5, 4.5)  4.5 (4.5, 4.5) 3 (3, 3) 

 South Asian 4 (4, 4.5)  4.5 (4.5, 5) 3 (3, 4) 

  Other Asian 4 (4, 4.5) 4.5 (4, 4.5) 3 (3, 4) 

  Black 4 (3.5, 4) 4.5 (4, 5) 2 (1.33,3) 

  Mixed 4.5 (4, 5) 4.5 (4, 4.5) 3 (2, 4) 

  Other Ethnicity 4 (4, 4.93) 5 (4, 5) 3 (2.13,4) 

IMD 1 (Most deprived) 4.5 (4.5, 5)  4.5 (4.5, 4.5) 3 (3, 3) 

  2 4.5 (4.5, 5)  4.5 (4.5, 4.5) 3 (3, 3) 

  3 5 (4.5, 5)  4.5 (4.5, 4.5) 3 (3, 3) 

  4 5 (4.5, 5)  4.5 (4.5, 4.5) 3 (3, 3) 

  5 (Least deprived) 5 (5, 5)  4.5 (4.5, 4.5) 3 (3, 3) 
*Limited to participants in work/education at baseline 



 
 
Discussion 

In this study of over 20,000 adults from the Virus Watch cohort, the number of people who intended to 

accept, or had already accepted, a COVID-19 vaccine when offered increased from 90% in December 

2020 to 97% in February 2021. Over four in five adults (86%) who were uncertain or intending to refuse a 

COVID-19 vaccine in December 2020 had changed their mind and planned on accepting, or had already 

accepted, a vaccine in February 2021. This shift was consistent across all ethnic groups measured and all 

levels of social deprivation. Despite this shift, some disparities in vaccine intention still exist. Young adults, 

and people from Black and White Other ethnic backgrounds, were more likely to intend to refuse or be 

unsure about taking a COVID-19 vaccine, compared to older adults and White British people.  

Both concerns about COVID-19 vaccines and concerns about COVID-19 illness predicted intention to take 

a vaccine. Older adults were the least likely to have concerns about the vaccine and most likely to have 

concerns about COVID-19. White British people had fewer concerns about COVID-19 vaccines than people 

from most minority ethnic groups, but there were no differences between ethnic groups regarding concerns 

about contracting and/or becoming unwell with COVID-19 illness.  

Our analysis of the Virus Watch cohort that examined how intention to take or refuse a COVID-19 vaccine 

has changed over time in England and Wales. It provides evidence that individuals are changing their 

minds and supports cross-sectional surveys that have found vaccination intention has increased over 

time.21,22 Previous studies have found age, ethnicity and social deprivation are independently associated 

with intention to take a COVID-19 vaccine.9,10 This study confirms that younger adults were far more likely 

to be unsure or intend to refuse a COVID-19 vaccine. This study finds that the association between ethnic 

group and vaccine intention has weakened. In February 2021, only people from Black ethnic backgrounds 

were more likely to refuse, and only people from White Other ethnic groups were more likely to be unsure 

about taking a COVID-19 vaccine compared to White British people. This is a substantial change from 

December 2021 and differs from existing evidence on ethnic disparities in COVID-19 vaccine intention.9,10 

Similarly, the inverse relationship between deprivation and vaccine intention (where more deprived groups 

were associated with lower levels of intention to be vaccinated) has weakened, but not disappeared.  

Beliefs and concerns about COVID-19 vaccines were the strongest predictor of intended vaccine uptake. 

This is in keeping with evidence from an earlier study conducted between September and October 2020 

(prior to the UK COVID-19 vaccination programme commencing) which found that beliefs around the 

efficacy, development, risks and importance of COVID-19 vaccines strongly predicted intention to accept a 

vaccine.15 Our study also found beliefs and concerns around COVID-19 illness consistently predict 

vaccination intention. Our analysis was not able to consider structural reasons that determine vaccination 

intention beyond the role of missing work and education. Specifically, we did not measure conspiratorial 

beliefs and views of healthcare and medicine which have been previously found to predict vaccination 

intention to some degree.  



 
 
Virus Watch is a national household community cohort study. Individuals in the study were geographically 

distributed across England and Wales and the cohort was diverse in terms of age, sex, ethnicity, and socio-

economic composition. To our knowledge, this is the only cohort study of vaccination intention in England 

and Wales and has the largest number of participants from minority ethnic backgrounds. However, given 

participation in the Virus Watch study is voluntary and sampling non-random, the cohort is likely biased 

toward people concerned about COVID-19 and participants may not be representative of the national 

population. This may lead to an overestimate of public vaccination intention. This selection bias may be 

more apparent in groups hitherto associated with uncertainty or intended refusal of a COVID-19 vaccine, 

due to structural differences in access to and participation in healthcare and medical research.23–25 

Nevertheless, the magnitude and consistency of the change in vaccine intention observed in this study is 

likely to outweigh possible bias. Despite the cohort size, samples were too small to disaggregate ethnic 

groups into more granular categories. Guided by our community advisory board, participants who 

expressed uncertainty were separated from participants intending to refuse COVID-19 vaccines in our 

regression analyses, as it was felt that these groups characterise different populations. Sample sizes 

precluded this separation in our analysis of temporal trends and analysis of psychological influences on 

vaccination intention. Another important limitation is that only households with a lead householder able to 

speak English were able to take part in the study and that all participants must have access to the internet. 

Guided by the advice from our community advisory board, the study surveys have since been translated 

into 9 languages to allow non-English speakers to participate. 

The increase in intention to accept a COVID-19 vaccine when offered observed in this study is 

encouraging. It is possible that public health communications to promote vaccination uptake have 

contributed to this shift; it is also possible that growing numbers of people being vaccinated during the 

period of this study has contributed to the change in intention. It is particularly encouraging that the 

intention to accept a COVID-19 vaccine has increased consistently across ethnic and social groups. Our 

findings show the importance of making repeated offers of a COVID-19 vaccine because many people 

have changed their mind over the course of a few months. Our findings also suggest that communications 

focussing on COVID-19 vaccine safety and effectiveness may be more effective than those focussing on 

COVID-19 illness risk and perception. 

Disparities in vaccination coverage should not be conflated with disparities in vaccination intention. If 

differences in vaccination coverage persist between ethnic groups and areas of social deprivation, our 

findings suggest they may not be fully explained by differences in vaccination intention. Instead they may 

plausibly be an example of the inverse care law.14 Ensuring easy and local vaccine access through 

community participation, for example using local places of worship as vaccination centres, would help 

overcome some of the structural barriers to healthcare and vaccine access.26  

High levels of uncertainty or intended refusal of a COVID-19 vaccine in young people, driven by low-risk 

perception of COVID-19 illness and greater concern about vaccine safety, may limit the ability of the UK’s 

vaccination programme to suppress community transmission. It is possible that the increasing availability of 



 
 
vaccines to younger age groups will lead to increased vaccination intention in young adults. As the UK’s 

COVID-19 vaccination programme advances to offering vaccines to younger adults, efforts to increase 

vaccination intention should be responsive to age group-specific concerns and perspectives.  

  



 
 
References 

1. World Health Organisation (WHO). Ten health issues WHO will tackle this year. 

https://www.who.int/news-room/spotlight/ten-threats-to-global-health-in-2019 (2019). 

2. Figueiredo, A. de, Simas, C., Karafillakis, E., Paterson, P. & Larson, H. J. Mapping global trends in 

vaccine confidence and investigating barriers to vaccine uptake: a large-scale retrospective temporal 

modelling study. The Lancet 396, 898–908 (2020). 

3. GOV.UK. UK COVID-19 vaccines delivery plan. GOV.UK 

https://www.gov.uk/government/publications/uk-covid-19-vaccines-delivery-plan (2021). 

4. GOV.UK. Official UK Coronavirus Dashboard. https://coronavirus.data.gov.uk/details/vaccinations 

(2021). 

5. Office for National Statistics. Coronavirus and vaccine hesitancy by sub-group, Great Britain: 13 

January to 7 February 2021 - Office for National Statistics. 

https://www.ons.gov.uk/releases/coronavirusandvaccinehesitancybysubgroupgreatbritain13januaryto7f

ebruary2021 (2021). 

6. Razai, M. S., Osama, T., McKechnie, D. G. J. & Majeed, A. Covid-19 vaccine hesitancy among ethnic 

minority groups. BMJ 372, n513 (2021). 

7. Royal Society & British Academy. COVID-19 Vaccine Deployment: Behaviour, Ethics, Misinformation 

and Policy Strategies. Social Science in Humanitarian Action Platform 

https://www.socialscienceinaction.org/resources/covid-19-vaccine-deployment-behaviour-ethics-

misinformation-and-policy-strategies/. 

8. Scientific Advisory Group for Emergencies (SAGE). Factors influencing COVID-19 vaccine uptake 

among minority ethnic groups, 17 December 2020. GOV.UK 

https://www.gov.uk/government/publications/factors-influencing-covid-19-vaccine-uptake-among-

minority-ethnic-groups-17-december-2020 (2020). 

9. Paul, E., Steptoe, A. & Fancourt, D. Attitudes towards vaccines and intention to vaccinate against 

COVID-19: Implications for public health communications. Lancet Reg. Health - Eur. 1, 100012 (2021). 

10. Robertson, E. et al. Predictors of COVID-19 vaccine hesitancy in the UK Household Longitudinal Study. 

medRxiv 2020.12.27.20248899 (2021) doi:10.1101/2020.12.27.20248899. 



 
 
11. Collaborative, T. O. et al. Trends, regional variation, and clinical characteristics of COVID-19 vaccine 

recipients: a retrospective cohort study in 23.4 million patients using OpenSAFELY. medRxiv 

2021.01.25.21250356 (2021) doi:10.1101/2021.01.25.21250356. 

12. Martin & Khunti. Association of demographic and occupational factors with SARS-CoV-2 vaccine 

uptake in a multi-ethnic UK healthcare workforce: a rapid real-world analysis | medRxiv. 

https://www.medrxiv.org/content/10.1101/2021.02.11.21251548v2. 

13. Race Equality Foundation. Covid Vaccination programme: the need for data to understand take-up by 

Black, Asian and Minority Ethnic communities. https://raceequalityfoundation.org.uk/health-care/covid-

vaccination-programme-the-need-for-data-to-understand-take-up-by-black-asian-and-minority-ethnic-

communities/ (2021). 

14. Julian Tudor-Hart. THE INVERSE CARE LAW. The Lancet (1971). 

15. Freeman, D. et al. COVID-19 vaccine hesitancy in the UK: the Oxford coronavirus explanations, 

attitudes, and narratives survey (Oceans) II. Psychol. Med. 1–15 (undefined/ed) 

doi:10.1017/S0033291720005188. 

16. Williamson, E. J. et al. Factors associated with COVID-19-related death using OpenSAFELY. Nature 

584, 430–436 (2020). 

17. Patel, P., Hiam, L., Sowemimo, A., Devakumar, D. & McKee, M. Ethnicity and covid-19. BMJ 369, 

m2282 (2020). 

18. Hayward, A. et al. Risk factors, symptom reporting, healthcare-seeking behaviour and adherence to 

public health guidance: protocol for Virus Watch, a prospective community cohort study. medRxiv 

2020.12.15.20248254 (2020) doi:10.1101/2020.12.15.20248254. 

19. MHCLG. MHCLG Open Data : a. Index of Multiple Deprivation (IMD). 

https://opendatacommunities.org/resource?uri=http%3A%2F%2Fopendatacommunities.org%2Fdef%2

Fconcept%2Fgeneral-concepts%2Fimd%2Fcombineddeprivation (2019). 

20. Department of Health and Social Care. Priority groups for coronavirus (COVID-19) vaccination: advice 

from the JCVI, 30 December 2020. GOV.UK https://www.gov.uk/government/publications/priority-

groups-for-coronavirus-covid-19-vaccination-advice-from-the-jcvi-30-december-2020 (2020). 

21. COVID-19 vaccine confidence is growing, global survey suggests | Imperial News | Imperial College 

London. Imperial News https://www.imperial.ac.uk/news/216493/covid-19-vaccine-confidence-growing-



 
 

global-survey/. 

22. Ansell, B., Bauer, Gingrich, & Stilgoe. Coping With Covid - Vaccine Analysis. 

https://rpubs.com/benwansell/729135 https://rpubs.com/benwansell/729135 (2021). 

23. Williams, D. R., Lawrence, J. A. & Davis, B. A. Racism and Health: Evidence and Needed Research. 

Annu. Rev. Public Health 40, 105–125 (2019). 

24. Smart, A. & Harrison, E. The under-representation of minority ethnic groups in UK medical research. 

Ethn. Health 22, 65–82 (2017). 

25. Redwood, S. & Gill, P. S. Under-representation of minority ethnic groups in research — call for action. 

Br. J. Gen. Pract. 63, 342–343 (2013). 

26. Burgess, R. A. et al. The COVID-19 vaccines rush: participatory community engagement matters more 

than ever. The Lancet 397, 8–10 (2021). 

 

 

  

   



 
 
SUPPLEMENTARY MATERIALS 

Appendix I - Factors associated with vaccination intention  

IA. Construction of explanatory variables 

● Age (on study entry) -  grouped into: 16-24, 25-34, 35-44, 45-54, 55-64, 65-74, and 75+ years. 

● Sex (at birth) - male or female; other options were excluded due to small numbers. 

● Region of residence (England and Wales) - East Midlands, East of England, London, North East, 

North West, South East, South West, West Midlands, Yorkshire and The Humber, and Wales; 

assigned based on home postcode at baseline.   

● Indices of Multiple Deprivation - composite metric of area-level deprivation; assigned based on 

home postcode, and grouped by quintile. 

● Ethnicity - using ONS categories and grouped as follows: Black, Mixed, South Asian, Other Asian, 

White British, White Irish, White Other, and Other Ethnicity.   

● UK Joint Committee on Vaccination and Immunisation’s (JCVI’s) COVID-19 vaccine priority groups:  

1. Care home residents and staff - not defined separately due to inadequate numbers of staff 

and lack of residents. 

2. Age 80 years and over; or health or care worker (including care home staff, n=75). 

3. Age 75 to 79 years  

4. Age 70 to 74 years or clinically extremely vulnerable - the latter was defined using a proxy 

measure (response ‘Yes’ to baseline survey question ‘Have you received a letter from the NHS, 

saying that "the NHS has identified you as someone at risk of severe illness if you catch coronavirus, 

because you have an underlying disease or health condition that means if you catch the virus, you are 

more likely to be admitted to hospital than others”?’)  

This does not include anyone newly defined as extremely clinically vulnerable due to 

expansion of the criteria in February 2021. 

5. Age 65 to 69 years. 

6. Age 16 to 64 years with a priority health condition* (see below)  

7. Age 60 to 64 years.  

8. Age 55 to 59 years. 

9. Age 50 to 54 years.  

 

* Priority health condition criteria were adapted from the Green Book Chapter 14a version 4 (31 

December 2020) to align with yes/no questions on presence of pre-existing health conditions from 

the Virus Watch baseline survey. 

The included conditions were determined as follows: 



 
 

- Chronic respiratory disease: included asthma (severe asthma could not be distinguished, 

therefore all asthma was included); COPD; emphysema; chronic bronchitis; or cystic fibrosis. 

Other specified lung conditions could not be ascertained.  

- Chronic heart disease and vascular disease: included angina; coronary heart disease; 

myocardial infarction; congestive heart failure; or hypertension (hypertension with cardiac 

complications could not be distinguished so all hypertension was included).  

- Chronic kidney disease: included chronic kidney disease (stages could not be distinguished 

so all CKD was included).  

- Chronic liver disease: those responding ‘Yes’ to ‘any kind of liver condition’ were included. 

- Chronic neurological disease: those responding ‘Yes’ to ‘conditions affecting brain and 

nerves such as Parkinson’s, motor neurone disease, multiple sclerosis, learning disability, 

cerebral palsy’ were included; and separately, multiple sclerosis, epilepsy, and stroke were 

included.  

- Diabetes mellitus: those responding ‘Yes’ to ‘insulin treated diabetes’ or ‘other diabetes’ 

were included.  

- Immunosuppression: included immunosuppressive medication; malignancy; and HIV.  

- Asplenia or dysfunction of the spleen:those responding ‘Yes’ to ‘problems with your spleen 

or... spleen removed’ were included; and separately, sickle cell disease was included.  

- !"#$%&'"$()%*+,'*-")('.%*-'/!0'123'45678'.(#('%9:;<&(&='*-%)'.>)'&(#%?(&'@#"7'-(%5-*'A:7B'
>9&'.(%5-*'A45B'#(C"#*(&'>*'$>)(;%9(D'07C;><)%$;('?>;<()'AEFG/!0GH3BI'>))())(&'>)';%4(;+'*"'
$('&<('*"'7%)%9*(#C#(*>*%"9'"@'<9%*)I'.(#('(J:;<&(&D 
 

Conditions or criteria that could not be ascertained or included in their entirety: 

- Severe mental illness: not included as could not be distinguished from common mental 

illness. All mental illness was not included due to its high prevalence. 

- Specific genetic disorders, e.g. those causing immunosuppression or splenic disorders, 

could not be ascertained. They may be included as part of other conditions/criteria but some 

may be missed.   

- Specificer haematological disorders beyond those listed above could not be ascertained. 

They may be included as part of other conditions/criteria but some may be missed.   

- Adult carers: not included as this could not be ascertained. 

- Younger adults in long-stay nursing and residential care settings: not included as could not 

be ascertained, though these individuals are very unlikely to be in the Virus Watch cohort.  

 



 
 

IB. Description of participant responses to ‘Would you accept a COVID-19 vaccine if offered?’ in December 2020 and February 2021 by socio-demographic 

factor 

 December February 

 Total Yes Unsure No Total Already had Yes Unsure No 

 N=20,792 N=18,517 N=1,813 N=462 N=20,284 N=7,778 N=12,039 N=284 N=183 

Sex (at birth)          

Male 7,949 (100%) 7,245 (91%) 556 (7%) 148 (2%) 8,210 (100%) 3,291 (40%) 4,753 (58%) 106 (1%) 60 (1%) 

Female 10,399 (100%) 9,162 (88%) 1,020 (10%) 217 (2%) 9,092 (100%) 3,554 (39%) 5,340 (59%) 116 (1%) 82 (1%) 

Other or missing 2,444 (100%) 2,110 (86%) 237 (10%) 97 (4%) 2,982 (100%) 933 (31%) 1,946 (65%) 62 (2%) 41 (1%) 

Age (years)          

16-24 970 (100%) 743 (77%) 160 (16%) 67 (7%) 1,163 (100%) 55 (5%) 997 (86%) 90 (8%) 21 (2%) 

25-34 1,251 (100%) 1,020 (82%) 183 (15%) 48 (4%) 1,277 (100%) 158 (12%) 1,036 (81%) 48 (4%) 35 (3%) 

35-44 1,909 (100%) 1,554 (81%) 286 (15%) 69 (4%) 1,881 (100%) 252 (13%) 1,534 (82%) 49 (3%) 46 (2%) 

45-54 2,885 (100%) 2,448 (85%) 349 (12%) 88 (3%) 2,798 (100%) 439 (16%) 2,263 (81%) 52 (2%) 44 (2%) 

55-64 5,239 (100%) 4,721 (90%) 428 (8%) 90 (2%) 5,057 (100%) 1,213 (24%) 3,790 (75%) 30 (1%) 24 (0%) 

65-74 6,660 (100%) 6,268 (94%) 316 (5%) 76 (1%) - (100%) - (69%) - (30%) - (0%) - (0%) 

75+ 1,878 (100%) 1,763 (94%) 91 (5%) 24 (1%) - (100%) - (71%) - (28%) - (0%) - (0%) 

Place of birth          

Born in UK 16,720 (100%) 15,052 (90%) 1,368 (8%) 300 (2%) 15,552 (100%) 6,341 (41%) 8,929 (57%) 172 (1%) 110 (1%) 

Born abroad 1,658 (100%) 1,383 (83%) 209 (13%) 66 (4%) 1,774 (100%) 519 (29%) 1,173 (66%) 50 (3%) 32 (2%) 

Missing 2,414 (100%) 2,082 (86%) 236 (10%) 96 (4%) 2,958 (100%) 918 (31%) 1,937 (65%) 62 (2%) 41 (1%) 

Ethnicity          



 
 

White British 16,506 (100%) 14,915 (90%) 1,305 (8%) 286 (2%) 15,373 (100%) 6,340 (41%) 8,770 (57%) 159 (1%) 104 (1%) 

White Irish - (100%) - (88%) - (10%) - (1%) - (100%) - (40%) - (57%) - (1%) - (2%) 

White Other 835 (100%) 680 (81%) 117 (14%) 38 (5%) 813 (100%) 197 (24%) 567 (70%) 35 (4%) 14 (2%) 

South Asian 300 (100%) 242 (81%) 43 (14%) 15 (5%) - (100%) - (27%) - (70%) - (2%) - (2%) 

Other Asian - (100%) - (80%) - (17%) - (3%) - (100%) - (27%) - (68%) - (2%) - (3%) 

Black - (100%) - (60%) - (31%) - (9%) - (100%) - (20%) - (71%) - (5%) - (5%) 

Mixed - (100%) - (83%) - (13%) - (4%) - (100%) - (19%) - (76%) - (3%) - (2%) 

Other ethnicity - (100%) - (75%) - (18%) - (7%) - (100%) - (35%) - (61%) - (1%) - (3%) 

Prefer not to disclose or missing 2,450 (100%) 2,110 (86%) 243 (10%) 97 (4%) 2,991 (100%) 928 (31%) 1,956 (65%) 65 (2%) 42 (1%) 

Region          

East Midlands 1,851 (100%) 1,657 (90%) 149 (8%) 45 (2%) 1,698 (100%) 642 (38%) 1,024 (60%) 18 (1%) 14 (1%) 

East of England 3,986 (100%) 3,585 (90%) 322 (8%) 79 (2%) 4,358 (100%) 1,724 (40%) 2,550 (59%) 45 (1%) 39 (1%) 

London 2,351 (100%) 1,974 (84%) 301 (13%) 76 (3%) 2,250 (100%) 722 (32%) 1,437 (64%) 61 (3%) 30 (1%) 

North East 1,054 (100%) 945 (90%) 84 (8%) 25 (2%) 922 (100%) 318 (34%) 581 (63%) 11 (1%) 12 (1%) 

North West 2,313 (100%) 2,035 (88%) 217 (9%) 61 (3%) 2,030 (100%) 826 (41%) 1,134 (56%) 44 (2%) 26 (1%) 

South East 3,464 (100%) 3,145 (91%) 277 (8%) 42 (1%) 3,637 (100%) 1,448 (40%) 2,124 (58%) 37 (1%) 28 (1%) 

South West 1,613 (100%) 1,481 (92%) 104 (6%) 28 (2%) - (100%) - (41%) - (58%) - (1%) - (0%) 

West Midlands 1,176 (100%) 1,064 (90%) 86 (7%) 26 (2%) - (100%) - (42%) - (55%) - (2%) - (0%) 

Yorkshire and The Humber 1,088 (100%) 970 (89%) 94 (9%) 24 (2%) - (100%) - (40%) - (58%) - (2%) - (0%) 

Wales 481 (100%) 426 (89%) 40 (8%) 15 (3%) - (100%) - (34%) - (65%) - (1%) - (0%) 

Missing 1,415 (100%) 1,235 (87%) 139 (10%) 41 (3%) 1,582 (100%) 553 (35%) 984 (62%) 25 (2%) 20 (1%) 

IMD (quintiles)          

1 (poorest) 1,024 (100%) 865 (84%) 123 (12%) 36 (4%) - (100%) - (32%) - (65%) - (2%) - (1%) 



 
 

2 2,260 (100%) 1,900 (84%) 281 (12%) 79 (3%) 1,946 (100%) 604 (31%) 1,245 (64%) 64 (3%) 33 (2%) 

3 3,808 (100%) 3,382 (89%) 333 (9%) 93 (2%) 3,615 (100%) 1,314 (36%) 2,214 (61%) 46 (1%) 41 (1%) 

4 5,556 (100%) 5,017 (90%) 434 (8%) 105 (2%) 5,503 (100%) 2,240 (41%) 3,159 (57%) 59 (1%) 45 (1%) 

5 (richest) 6,729 (100%) 6,118 (91%) 503 (7%) 108 (2%) 6,805 (100%) 2,802 (41%) 3,895 (57%) 72 (1%) 36 (1%) 

Missing 1,415 (100%) 1,235 (87%) 139 (10%) 41 (3%) - (100%) - (35%) - (62%) - (2%) - (1%) 

Health or care worker status 894 (100%) 784 (88%) 88 (10%) 22 (2%) - (100%) - (63%) - (36%) - (0%) - (1%) 

Priority health condition* 9,251 (100%) 8,440 (91%) 676 (7%) 135 (1%) 8,363 (100%) 4,171 (50%) 4,092 (49%) 51 (1%) 49 (1%) 

JCVI COVID-19 vaccine priority groups          

Group 2  
(health and care worker** or aged 80+ years) 

1,446 (100%) 1,301 (90%) 116 (8%) 29 (2%) - (100%) - (67%) - (32%) - (0%) - (1%) 

Group 3 
(aged 75-79 years) 

1,318 (100%) 1,239 (94%) 62 (5%) 17 (1%) - (100%) - (71%) - (29%) - (0%) - (0%) 

Group 4 
(clinically extremely vulnerable*** or aged 70-74 years) 

3,866 (100%) 3,625 (94%) 189 (5%) 52 (1%) - (100%) - (72%) - (28%) - (0%) - (0%) 

Group 5 
(aged 65-69 years) 

3,212 (100%) 3,010 (94%) 164 (5%) 38 (1%) - (100%) - (64%) - (35%) - (0%) - (0%) 

Group 6 
(higher risk health condition* and aged 16-64 years) 

3,472 (100%) 3,011 (87%) 391 (11%) 70 (2%) 3,191 (100%) 553 (17%) 2,558 (80%) 43 (1%) 37 (1%) 

Group 7 
(aged 60-64 years) 

1,515 (100%) 1,379 (91%) 107 (7%) 29 (2%) - (100%) - (20%) - (79%) - (0%) - (0%) 

Group 8 
(aged 55-59 years) 

1,230 (100%) 1,084 (88%) 120 (10%) 26 (2%) - (100%) - (14%) - (84%) - (1%) - (1%) 

Group 9 
(aged 50-54 years) 

941 (100%) 822 (87%) 94 (10%) 25 (3%) 956 (100%) 100 (10%) 818 (86%) 22 (2%) 16 (2%) 

Not in any JCVI priority group 3,792 (100%) 3,046 (80%) 570 (15%) 176 (5%) 4,019 (100%) 258 (6%) 3,485 (87%) 181 (5%) 95 (2%) 

*Due to low cell counts across certain categories of explanatory variables, the data with “-” have been suppressed to reduce the possibility of deductive disclosure. 
 



 
 
 
 
 
 
 
 
 

IC. December Survey - multivariable regression analysis results comparing demographic and social factors of those responding ‘No’ and those responding 
‘Unsure’ with those responding ‘Yes’ when asked ‘Would you accept a COVID-19 vaccine if offered?’ 

                                        'No'                                                                            'Unsure' 
  Partially adjusted (age and gender) Fully adjusted multivariable model 

(n=16,617) 

Partially adjusted (age, gender) Fully adjusted multivariable model 

(n=17,812) 

  

  RR 95% CI RR 95% CI p-value RR 95% CI RR 95% CI p-value 

Female 1.13 0.92 1.39 1.11 0.94 1.31 0.226 1.35 1.23 1.49 1.34 1.24 1.44 0.000 

Age (years)                             

16-24 5.64 3.29 9.66 4.32 2.40 7.78 <0.001 3.30 2.50 4.36 2.93 2.19 3.92 <0.001 

25-34 3.24 1.87 5.63 2.26 1.22 4.19 0.010 3.04 2.34 3.94 2.61 1.96 3.48 <0.001 

35-44 3.84 2.31 6.38 2.72 1.56 4.75 <0.001 3.20 2.51 4.08 2.81 2.16 3.66 <0.001 

45-54 2.46 1.48 4.10 2.16 1.25 3.73 0.006 2.54 2.00 3.23 2.28 1.77 2.94 <0.001 

55-64 1.39 0.84 2.30 1.22 0.72 2.08 0.455 1.68 1.33 2.13 1.62 1.27 2.08 <0.001 

65-74 0.93 0.56 1.55 0.86 0.51 1.43 0.555 0.97 0.76 1.23 0.95 0.74 1.21 0.676 

75+ 1   1   - 1   1   - 

Ethnicity                             

White British 1   1   - 1   1   - 



 
 

White Irish 0.70 0.23 2.16 0.63 0.22 1.85 0.403 1.21 0.83 1.76 1.21 0.82 1.77 0.330 

White Other 2.05 1.45 2.89 2.07 1.38 3.08 <0.001 1.35 1.13 1.61 1.35 1.11 1.65 <0.001 

South Asian 2.21 1.32 3.70 2.52 1.26 5.06 0.009 1.47 1.10 1.96 1.58 1.07 2.33 0.021 

Other Asian 1.31 0.51 3.39 0.96 0.45 2.03 0.912 1.52 1.03 2.25 1.59 1.04 2.42 0.033 

Black 4.92 2.34 10.31 4.78 1.98 11.51 <0.001 3.38 2.42 4.73 3.57 2.36 5.40 <0.001 

Mixed 1.66 0.83 3.30 1.35 0.72 2.53 0.355 1.14 0.78 1.66 1.10 0.78 1.57 0.581 

Other ethnicity 3.99 1.79 8.93 2.80 1.16 6.74 0.022 2.17 1.37 3.44 1.89 1.09 3.26 0.023 

IMD quintiles                             

1 (poorest) 2.29 1.56 3.34 2.30 1.37 3.87 0.002 1.49 1.23 1.81 1.60 1.26 2.04 <0.001 

2 1.88 1.38 2.56 1.78 1.20 2.64 0.004 1.44 1.25 1.66 1.45 1.21 1.74 <0.001 

3 1.43 1.07 1.92 1.30 0.89 1.89 0.168 1.09 0.95 1.25 1.09 0.92 1.30 0.311 

4 1.01 0.76 1.36 1.02 0.72 1.46 0.899 1.02 0.90 1.15 1.02 0.87 1.20 0.823 

5 (richest) 1   1    1   1    

Region                             

East Midlands 1.22 0.84 1.79         1.04 0.86 1.26         

East of England 1           1           

London 1.35 0.96 1.90         1.35 1.15 1.58         

North East 1.04 0.63 1.72         1.03 0.81 1.30         

North West 1.27 0.89 1.81         1.15 0.97 1.36         

South East 0.57 0.38 0.85         0.97 0.83 1.14         

South West 0.89 0.57 1.41         0.84 0.68 1.05         

West Midlands 1.06 0.65 1.71         0.93 0.74 1.18         



 
 

Yorkshire and The Humber 1.23 0.77 1.95         1.09 0.87 1.37         

Wales 1.75 0.99 3.10         1.05 0.75 1.46         

Health or care worker 0.98 0.63 1.52         0.86 0.70 1.06         

Extremely clinically vulnerable* 1.19 0.79 1.80         0.90 0.73 1.11         

Priority health condition* 0.78 0.62 0.97 0.77 0.62 0.96 0.019 0.96 0.87 1.06 0.94 0.85 1.03 0.178 

*See Appendix IA                     
 

ID. February Survey Multivariable - multivariable regression analysis results comparing demographic and social factors of participants responding ‘No’ and 
those responding ‘Unsure’ with those responding ‘Yes’ when asked ‘Would you accept a COVID-19 vaccine if offered?’ 

      'No'                                                               'Unsure' 
  Partially adjusted (age and gender) Fully adjusted multivariable model 

(n=16,927) 
Partially adjusted (age, gender) Fully adjusted multivariable model 

(n=17,005) 
  

  RR 95% CI RR 95% CI p-value RR 95% CI RR 95% CI p-value 

Female 1.09 0.78 1.52 1.24 0.95 1.60 0.108 0.92 0.71 1.20 0.92 0.72 1.18 0.511 

Age (years)                             

16-24 7.44 2.10 26.29 5.30 1.39 20.20 0.014 27.16 9.90 74.55 20.21 7.19 56.78 <0.001 

25-34 12.55 3.83 41.17 8.58 2.35 31.39 0.001 13.18 4.70 36.95 7.90 2.71 23.04 <0.001 

35-44 11.64 3.60 37.59 7.47 2.08 26.77 0.002 9.45 3.39 26.39 5.62 1.97 16.06 0.001 

45-54 6.54 2.01 21.31 4.71 1.31 16.91 0.018 6.73 2.41 18.77 4.69 1.65 13.34 0.004 

55-64 2.28 0.68 7.63 1.80 0.49 6.59 0.374 2.10 0.73 6.04 1.76 0.61 5.10 0.299 

65-74 0.58 0.15 2.26 0.47 0.11 2.02 0.311 0.64 0.20 2.03 0.54 0.17 1.77 0.310 

75+ 1   1    1   1    



 
 

Ethnicity                             

White British 1   1    1   1    

White Irish 2.31 0.88 6.07 1.79 0.61 5.25 0.290 1.46 0.47 4.54 1.40 0.48 4.04 0.538 

White Other 1.34 0.77 2.34 1.30 0.71 2.41 0.394 2.56 1.76 3.71 2.58 1.67 3.98 <0.001 

South Asian 1.37 0.64 2.91 1.12 0.48 2.61 0.787 1.16 0.59 2.25 1.01 0.43 2.36 0.985 

Other Asian 2.85 1.07 7.59 2.16 0.70 6.67 0.180 1.40 0.46 4.26 1.28 0.44 3.72 0.654 

Black 3.78 1.26 11.33 5.45 1.46 20.32 0.012 2.44 0.77 7.77 2.97 0.75 11.67 0.119 

Mixed 1.21 0.40 3.69 0.84 0.30 2.35 0.736 1.52 0.68 3.41 1.63 0.70 3.81 0.261 

Other ethnicity 2.86 0.70 11.62 2.41 0.70 8.33 0.165 0.99 0.15 6.34 0.78 0.14 4.39 0.782 

IMD quintiles                             

1 (poorest) 1.64 0.76 3.54 2.11 0.86 5.20 0.105 1.89 1.12 3.19 2.02 1.04 3.95 0.039 

2 2.22 1.35 3.65 2.62 1.38 4.97 0.003 2.38 1.64 3.46 2.38 1.50 3.77 <0.001 

3 1.77 1.10 2.84 2.03 1.10 3.77 0.024 0.99 0.66 1.49 0.99 0.61 1.58 0.953 

4 1.38 0.86 2.22 1.39 0.76 2.55 0.284 1.13 0.78 1.62 1.08 0.70 1.67 0.735 

5 (richest) 1   1    1   1    

Region                             

East Midlands 0.83 0.42 1.66         0.92 0.51 1.63         

East of England 1           1           

London 1.05 0.62 1.77         1.61 1.06 2.46         

North East 1.67 0.85 3.28         1.12 0.54 2.30         

North West 1.54 0.91 2.61         1.81 1.16 2.80         

South East 0.94 0.56 1.60         0.89 0.56 1.41         

South West 0.52 0.20 1.34         0.57 0.26 1.26         



 
 

West Midlands 0.57 0.20 1.61         1.63 0.92 2.89         

Yorkshire and The Humber 0.66 0.23 1.86         1.63 0.88 3.00         

Wales 0.37 0.05 2.75         0.49 0.12 2.00         

Health or care worker 0.40 0.15 1.07         0.16 0.04 0.63         

Extremely clinically vulnerable* 0.88 0.39 1.99         0.41 0.15 1.10         

Priority health condition* 0.95 0.67 1.35 0.89 0.65 1.23 0.485 0.60 0.43 0.82 0.62 0.46 0.85 0.003 

*See Appendix IA                     



 
 

Appendix II - Psychological influences on COVID-19 vaccination intention  

[Participant Name]: We would like to know your views about COVID-19 and about receiving a vaccine for 
yourself, if you were offered. Please indicate your agreement with each of the following statements: 

Item scoring: 

1 2 3 4 5 

Strongly 
Disagree 

Disagree Neither Agree 
nor Disagree 

Agree Strongly Agree 

 Items (note: * =reverse scored for analyses) 

1) I am worried that if I caught COVID-19 I might pass it on to others 

2) COVID-19 is very serious if you catch it 

3) *I do not think that I am at risk of COVID-19 

4) *I do not think that I am at high risk of complications of COVID-19 

5) *I am worried about having to take time off work/education because of COVID-19 

6) COVID-19 vaccine would be safe for me 

7) COVID-19 vaccine would be effective in preventing me from getting COVID- 19 

8) *Natural infection provides me with stronger immunity 

9) *I do not trust vaccines 

10) *I am too busy/have too little time to get vaccinated 

11) *I am concerned that the COVID-19 vaccine will not have been tested enough 

12) *I am concerned that the vaccine will make you feel as ill as COVID-19 does 

13) *I am concerned about rare but serious side effects of the COVID-19 vaccine 

 

 

 
 
 
 
 
 



 
 
Appendix III - FACTOR ANALYSIS 

We performed exploratory factor analysis (EFA) using the principal axis factoring method to account for 

skewed item distributions, with Promax rotation to account for plausible correlation in underlying factors.13 

Factors were extracted based on examination of scree plots and Kaiser’s criterion. We then assessed 

absolute and relative model fit and compared to a univariate model using confirmatory factor analysis (CFA) 

with the Satorra-Bentler adjustment. We then computed participants’ median response across items in each 

identified factor. Median factor scores were entered as exposures for univariable Poisson models for 

vaccination intention, as described above; we did not conduct multivariable analysis due to putative mediation 

effects. 

Kaiser-Meyer-Olkin values (respectively 0.81 and 0.82) and Bartlett’s tests (p<.001) suggested that both 

the EFA and CFA datasets were appropriate for factor analysis. 

Table 1. Exploratory Factor Analysis Results (n=10088) 
Results in parentheses are prior to removal of Item 5 

  h2 Factor Loading Cronbach’s α   Eigenvalue   Variance Explained 

Factor 1 - - 0.80 (0.80)   3.19 (3.19)   0.72 (0.72)§ 

Item 6 0.45 (0.45) 0.64 (0.63)           

Item 7 0.34 (0.34) 0.54 (0.53)           

Item 8 0.10 (0.09) 0.22 (0.21)           

Item 9 0.37 (0.37) 0.58 (0.58)           

Item 10 0.22 (0.22) 0.40 (0.40)           

Item 11 0.59 (0.59) 0.77 (0.77)           

Item 12 0.55 (0.55) 0.75 (0.76)           

Item 13 0.51 (0.52) 0.74 (0.75)           

Factor 2 - - 0.67 (0.67)   1.73 (1.80)   0.39 (0.40)§ 

Item 1 0.23 (0.24) 0.44 (0.46)           

Item 2 0.37 (0.37) 0.58 (0.59)           

Item 3 0.39 (0.39) 0.62 (0.63)           

Item 4 0.38 (0.38) 0.63 (0.63)           

Total Scale     0.78 (0.75)         

Note: h2= communalities. Factor loadings >0.20 reported. 
§Due to the correlation between factors (r=0.27) arising from the oblique rotation, explained variance for the 
two factors is non-independent and thus appears to exceed 100%. 
  



 
 
Table 2. Confirmatory Factor Analysis Results (n=10089) 
 

              Standardised Factor Loadings 

  X² (df) RMSEA 
(90% CI) 

CFI TLI AIC BIC Univariate 
(all items) 

Univariate 
(excl. Item 5) 

EFA Factor 
1 (EFA 
Loading) 

EFA Factor 
2 (EFA 
Loading) 

Two-Factor 
EFA Model 

4858.75 
(53) 

0.09 0.82 0.77 284500.12 284767.23         

Univariate 
model (all 
items) 

9392.59 
(65) 

0.12 0.66 0.59 324594.66 324876.21         

Univariate 
model (excl. 
Item 5) 

8851.64 
(54) 

0.13 0.66 0.59 290059.68 290319.57         

Item 1             0.23 0.24   0.40 (0.44) 

Item 2             0.26 0.26   0.54 (0.58) 

Item 3             0.21 0.21   0.73 (0.62) 

Item 4             0.17 0.17   0.71 (0.63) 

Item 5             0.12 n/a n/a n/a 

Item 6             0.63 0.63 0.61 (0.64)   

Item 7             0.55 0.55 0.53 (0.54)   

Item 8             0.29 0.29 0.28 (0.22)   

Item 9             0.59 0.59 0.59 (0.58)   

Item 10             0.45 0.45 0.44 (0.40)   

Item 11             0.79 0.79 0.80 (0.77)   

Item 12             0.75 0.75 0.77 (0.75)   

Item 13             0.72 0.71 0.74 (0.74)   

Note: All factor loadings significant p<0.0001; EFA= exploratory factor analysis; RMSEA = Root Mean 
Square Error of Approximation (close fit: <.05, adequate fit <0.8)1; CFI = Comparative Fit Index (close fit: 
0.9)2; TLI = Taylor-Lewis Index (close fit: >0.9)3; AIC = Akaike’s Information Criterion (lower values 
indicating better fit)4; BIC = Bayesian Information Criterion (lower values indicating better fit)5 
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