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ABSTRACT
Objective To evaluate the impact of mobile 
vaccination units on COVID- 19 vaccine uptake of the 
first dose, the percentage of vaccinated people among 
the total eligible population. We further investigate 
whether such an effect differed by deprivation, 
ethnicity and age.
Design Synthetic control analysis.
Setting The population registered with general 
practices (GPs) in nine local authority areas in 
Cheshire and Merseyside in Northwest England, UK.
Intervention Mobile vaccination units that visited 37 
sites on 54 occasions between 12 April 2021 and 28 June 
2021. We defined intervention neighbourhoods as having 
their population weighted centroid located within 1 km of 
mobile vaccination sites (338 006 individuals). A weighted 
combination of neighbourhoods that had not received the 
intervention (1 495 582 individuals) was used to construct 
a synthetic control group.
Outcome The weekly number of first- dose vaccines 
received among people aged 18 years and over as a 
proportion of the population.
Results The introduction of a mobile vaccination unit 
into a neighbourhood increased the number of first 
vaccinations conducted in the neighbourhood by 25% 
(95% CI 21% to 28%) within 3 weeks after the first 
visit to a neighbourhood, compared with the synthetic 
control group. Interaction analyses showed smaller 
or no effect among older age groups, Asian and 
black ethnic groups, and the most socioeconomically 
deprived populations.
Conclusions Mobile vaccination units are effective 
interventions for increasing vaccination uptake, at least in 
the short term. While mobile units can be geographically 
targeted to reduce inequalities, we found evidence that 
they may increase inequalities in vaccine uptake within 
targeted areas, as the intervention was less effective 
among groups that tended to have lower vaccination 
uptake. Mobile vaccination units should be used in 
combination with activities to maximise outreach with 
black and Asian communities and socioeconomically 
disadvantaged groups.

INTRODUCTION
Vaccination is one of the most effective public 
health interventions for improving health and 
saving lives.1 Following the national roll- out 
of the COVID- 19 vaccine programme on 8 
December 2020 in the UK, relatively high 
vaccine uptake has helped reduce the risk of 
hospitalisation and mortality from COVID- 
19.2 Nevertheless, vaccine uptake was lower 
among young people, socioeconomically 
disadvantaged groups and ethnic minorities 
for a combination of factors including vaccine 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ The synthetic control method for microdata offers 
a rigorous method for identifying control areas that 
experienced similar levels of COVID- 19 vaccine 
uptake as the intervention areas prior to the intro-
duction of mobile vaccination units, supporting a 
possible causal interpretation of the finding of in-
creased uptake in areas with mobile vaccination 
visits following their introduction.

 ⇒ The use of individual- level data enabled us to con-
struct weighted Poisson regression models to offer 
robust estimation of the observed effect, with inter-
action analysis to reveal whether this effect varied 
by level of deprivation, age groups and ethnicity.

 ⇒ We were not able to include individuals who had 
not been registered with the general practic (GP) at 
time of our study, which could lead to the underesti-
mation of the effect given that the main vaccination 
programme was provided through GPs.

 ⇒ As our analysis covers a relatively short follow- up 
period, the results may not reflect the sustained im-
pact of the intervention over longer periods of time.

 ⇒ There may also be other differences between plac-
es being visited by the mobile vaccination units and 
those that were not and differences in individual 
characteristics, beyond those included in this study, 
which led to the differences in the observed effect.
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eligibility (online supplemental appendix 1 presents the 
timeline for age eligibility of the first dose of the COVID- 19 
vaccine in England) and hesitancy, health disparities 
and inequalities, convenience and access, language and 
cultural barriers, and trust in healthcare systems.3–6 Some 
of these groups have also often experienced dispropor-
tionately greater levels of infections, hospitalisations and 
deaths during the pandemic. With successive SARS- CoV- 2 
variants, additional booster vaccinations were needed 
to give sufficient protection. Inequalities in uptake of 
these subsequent doses were greater than with the initial 
doses,7 potentially undermining responses to new vari-
ants that rely largely on increased uptake of booster vacci-
nations. The UK government invested £22.5 million to 
help areas increase uptake among hard- to- reach groups 
in December 2021, as tackling health inequalities is a 
core government priority.8 A central part of this strategy 
was to use mobile vaccination units such as pop- up sites 
and vaccine buses—‘taking the vaccines into the hearts of 
local communities’.9

Mobile vaccination units have been used in many 
countries to increase uptake in disadvantaged communi-
ties.10 These generally involve vaccination clinics based in 
large vehicles such as buses or temporary pop- up clinics 
in community settings. As well as bringing vaccines into 
targeted communities, they usually involve outreach 
programmes (eg, leaflet campaigns to advertise vaccina-
tion units and explain the benefits of vaccination). The 
use of mobile vaccination units to increase uptake is based 
on the premise that geographic accessibility and conve-
nience of vaccination services are potentially important 
determinants of uptake and that they support uptake 
from people who have difficulty in accessing existing sites 
due to information or travel barriers, childcare or health-
care responsibilities, or being excluded from the official 
healthcare system.11

Although former studies found mobile units as useful 
tools to reduce health inequalities in administering other 
forms of preventative care such as cancer screening,12–15 
there has been limited research evaluating interventions 
that aim to increase COVID- 19 vaccine uptake. One 
randomised controlled trial (RCT) shows that provision of 
information on personal benefit reduces hesitancy,16 with 
another RCT indicating that text message reminders lead 
to small increases in uptake.17 One study of a community- 
based strategy in an underserved Latinx population in 
San Francisco found that mobile units reached their 
intended recipients, but the study was unable to esti-
mate the impact on vaccination uptake.18 Another study 
found that users of the COVID- 19 mobile vaccination 
units tended to be younger, non- white race and Hispanic 
ethnicity compared with the general vaccinated popula-
tions in the Greater Boston area, suggesting the potential 
benefits of mobile vaccination units without estimating 
the average treatment effect.19 A few studies investigated 
the impact of interventions aiming to increase influenza 
and pneumococcal vaccination, including one system-
atic review,20 five RCTs21–25 and two cluster RCTs.26 27 Of 

these, three were published in the UK,21 22 26 three in the 
USA20 23 24 and two in Hong Kong.25 27 They all show that 
sending out reminders, telephone calls and educational 
outreach tend to increase uptake. We found no studies 
that quantified the effect of introducing mobile vaccina-
tion units on COVID- 19 vaccine uptake.

It also remains largely uncertain how effective mobile 
vaccination units are at increasing uptake among disad-
vantaged groups, having been deployed to improve 
vaccine access for those communities.2 18 19 The lack of 
existing evidence is concerning, considering their central 
role in the strategies to reduce vaccine uptake inequali-
ties. We, therefore, used a synthetic control approach to 
investigate the impact of mobile vaccination units in the 
Northwest of England and how this varied by age, socio-
economic status and ethnicity.

METHODS
Data
We used anonymised electronic health records (EHR) 
on all people aged 18 and over, registered with a general 
practice (GP) in Cheshire and Merseyside, England, 
between 22 February 2021 and 19 July 2021.28 These 
data included vaccination status, vaccination date, age, 
sex, ethnicity, chronic health conditions diagnosed in 
primary care (chronic obstructive pulmonary disease, 
chronic heart disease, diabetes, chronic kidney disease 
asthma, cancer, obesity, depression and stroke/transient 
ischaemic attack), whether people were in contact with 
social care, whether they were a paid carer, travel time 
by car to the nearest conventional static vaccination site 
requiring booking in advance and the lower super output 
areas (LSOA) of residence. LSOAs are small geograph-
ical areas of England, with approximately 1500 residents 
each. Ethnicity was based on information of primary care 
records. Where unavailable, ethnicity was taken from 
hospital, community or social care records if available in 
these datasets. Ethnicity was categorised in these datasets 
using the 17 standard Office for National Statistics Cate-
gories. These were then recoded to five categories for 
analysis (white/white British, Asian/Asian British, black/
black British, mixed and other).

We linked the EHR data to LSOA- level data, including 
2019’s indices of multiple deprivation (IMD)—a 
composite measure of deprivation across seven domains 
(income, employment, education, health, crime, barriers 
to housing and services, and living environment), an 
overcrowded housing measure (the proportion of house-
holds with at least one- bedroom fewer than they need) 
based on 2011’s Census, and population density using 
2019’s mid- year population estimates from the Office for 
National Statistics. The public health teams of the nine 
local authorities in the Cheshire and Merseyside region 
were asked to provide a list of locations and dates of 
mobile vaccination units in their areas between May and 
November 2021. Six local authorities provided this infor-
mation and two local authorities reported that they had 
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had no mobile vaccination units. Analysis was, therefore, 
limited to these eight local authorities.

Intervention
Six local authorities operated mobile vaccination units, 
that visited 37 sites on 54 occasions, between 12 April 
2021 and 28 June 2021. This included 52 visits from 
vaccine buses and 2 from two pop- up static clinics 
(different from conventional static vaccination sites, 
these two pop- up sites offered walk- in services without 
the need to book in advance). Six sites were visited more 
than once during our study period, with repeated visits 
scheduled either consecutively or at least 1 week apart. 
Vaccines were offered typically from 9:00 to 16:30 hours 
or 17:00 hours on the day of most visits, with four visits 
operating from 8:00 to 18:00, 9:00 to 15:00, 9.15 to 14.30 
and 10:00 to 14:00 hours, respectively. We chose to treat 
all sites uniformly in our analysis to avoid potentially over-
emphasising the impact of sites with multiple visits and 
minimise the potential influence of site- specific factors. 
This simplifying assumption offers us a more conservative 
approach and allows us to focus on the overall effect of 
the intervention rather than site- specific variations, thus 
enabling clearer interpretation and generalisability of the 
results. The deployment of the mobile vaccination units 
also involved outreach programmes to advertise vaccina-
tion units and explain the benefits of vaccination for each 
visit. Units were primarily focused on offering first- dose 
COVID- 19 vaccinations to those that had not received 
a vaccine at any of the city’s existing conventional static 
vaccination sites and were eligible for vaccination at the 
time.29 Vaccines were offered on a drop- in basis with 
no appointment needed. The number of vaccinations 
received at these mobile units was unavailable for one 
local authority (Warrington). The total number of first 
dose vaccinations for the remaining five local authorities 
that had deployed the mobile vaccination units was 3824. 
Sites visited by mobile vaccination units were identified 
by local public health and health service teams based on 
their knowledge of vaccine uptake (ie, the percentage of 
adults who have received the first dose of the COVID- 19 
vaccine among the total eligible adult population in our 
study), practicalities of having space and permissions to 
locate the vaccination unit, and relationships with local 
community groups.

We defined intervention neighbourhoods as having 
their population weighted centroid located within 1 km 
of mobile vaccination sites and identified 216 LSOAs that 
were either hosts for mobile vaccination units or had 
population weighted centroids within a 1 km radius of 
mobile vaccination units. We calculated the start time of 
the intervention as the week a mobile vaccination unit 
first visited. This left 1112 non- intervention LSOAs within 
the eight participating local authorities that did not have 
population weighted centroids within 1 km of a mobile 
unit. We then applied a ‘placebo’ start time to each of 
these non- intervention LSOAs, generated uniformly at 

random in the same weekly proportion as the distribution 
of intervention start dates for the intervention LSOAs.

Statistical analysis
We aggregated the individual- level data to construct a 
panel of weekly measures at the LSOA level from 7 weeks 
(22 February 2021) before the first mobile vaccination 
unit visit on 12 April 2021 to 3 weeks (19 July 2021) after 
the last mobile vaccination unit visit on 28 June 2021. We 
chose 7 weeks as our preintervention period after evalu-
ating trends of the accumulated uptake, overall and by 
ethnic and socioeconomic groups, with consideration 
of the roll- out of the vaccine prioritised by age groups 
(online supplemental appendices 1 and 2). A 7- week 
preintervention period allowed us to capture trends for 
most people eligible for the vaccine and focus on the 
intervention at a relatively stable stage of the pandemic. 
We then chose a 3- week follow- up period due to the 
policy change in July 2021 to prioritise administrating 
the second doses. A 3- week period avoided spill- over 
effect of this prioritisation and allowed us to estimate the 
effect of repeated visits to some sites and the accompa-
nying outreach programmes. We, therefore, aimed to 
investigate the short- term effect of the intervention here. 
The weekly panel data included LSOA- level measures 
of total GP registered population size, the proportion 
of black/black British people, the proportion of Asian/
Asian British people, the proportion of people of mixed 
ethnicity, mean age of residents, population density, the 
proportion of women, the IMD score, the proportion of 
households living in overcrowded housing, the average 
travel time by car to the nearest conventional static 
vaccine site, the cumulative number of first dose admin-
istered at the start of the preintervention period, and 
the number of new first dose vaccinations administered 
per week (online supplemental appendix 3 compares 
these measures between the intervention and the rest of 
Cheshire and Merseyside).

We apply the synthetic control method for microdata 
developed by Robbins et al to estimate the effect of mobile 
vaccination units on vaccine uptake. Our outcome vari-
able, weekly vaccine uptake, is the percentage of adults 
who have received the first dose of the COVID- 19 vaccine 
during each week among the total eligible adult popu-
lation.30 31 The synthetic control method is a generalisa-
tion of difference- in- difference methods.32 An untreated 
version of the intervention areas (ie, a synthetic control) 
is created using a weighted combination of areas that 
were unexposed to the intervention. The intervention 
effect is estimated by comparing the trend in outcomes 
in the intervention areas to that in the synthetic control 
areas following the intervention.33

The weights were calculated using the raking 
method34 so that the weighted averages for all the 
variables outlined above in the synthetic control 
group were the same as for the intervention. This 
included the cumulative number of first vaccine doses 
administered prior to the preintervention period, 
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the number of first dose vaccines administered in 
each of the 7 weeks prior to the intervention (online 
supplemental appendix 4) and each local area char-
acteristic, outlined above.30 Online supplemental 
appendix 5 presents the geographical distribution 
of these weights and illustrates how the synthetic 
control group is constructed. The estimated effect of 
the mobile vaccination unit on the weekly number of 
first doses, was calculated as the difference between 
the intervention and the (weighted) synthetic control 
cohorts in the weekly number of vaccines received 
over a 3- week period after the intervention. To esti-
mate the sampling distribution of the treatment effect, 
and the permuted p values and 95% CIs, we applied a 
permutation procedure outlined by Robbins et al by 
repeating the analysis through 250 placebo permuta-
tions randomly allocating non- intervention LSOAs to 
the intervention group.31

As our area- based analysis could be biased by insuffi-
ciently accounting for confounders at the individual 
level, we additionally conducted analysis using individual- 
level data on all adults registered with the GP and living in 
the intervention and non- intervention LSOAs (as defined 
above), who had been unvaccinated before the mobile 
vaccination unit first visited their neighbourhood. We 
used a weighted Poisson regression model with robust 
sandwich variance estimators, which has been shown to be 
a valid alternative to the logistic regression model for the 
analysis of binary outcomes,35 36 to estimate the relative 
risk (RR) of vaccination by comparing the vaccine rates 
between these two groups in the 3 weeks following the 
intervention. Using a weighted Poisson regression model 
to estimate this effect without considering the differences 
between the intervention and non- intervention areas 
on the aggregate level would potentially underestimate 
standard errors and p values, as this would not account 
for complex aspects of the process used to generate 
the synthetic control weights for LSOAs. We, therefore, 
weighted this regression using the synthetic control 
weights as highlighted above to account for systematic 
LSOA- level differences, after additionally controlling 
for the following individual- level potential confounders: 
age, sex, ethnicity, health conditions (as defined above), 
whether people were in contact with social care, whether 
they were paid carers and the travel time by car from each 
person’s address to the nearest conventional static vacci-
nation centre. Overall, 18.62% and 0.01% of ethnicity and 
sex were missing, respectively, leaving 233 278 records for 
the main complete case analysis.

To explore whether the mobile vaccination unit effect 
differed by deprivation, ethnicity and age, we fitted 
another weighted Poisson model including interac-
tion terms between the intervention indicator (mobile 
vaccination unit) and IMD tercile within Cheshire and 
Merseyside, ethnic group, and age group, respectively 
(see online supplemental appendices 6 and 7 for detailed 
results). Apart from the sensitivity test of excluding 
ethnicity (online supplemental appendix 8) and the two 

pop- up sites (online supplemental appendix 9) from the 
analysis to assess the potential impact of the missing data 
and two pop- up static sites on our results, respectively, we 
have additionally conducted a series of sensitivity tests on 
the dose effect of distance threshold used to construct the 
intervention and non- intervention areas (online supple-
mental appendix 10), the potential spatial spill- over effect 
of the intervention (online supplemental appendix 11), 
and survival analyses (online supplemental appendix 12) 
to further check the robustness of our results.

Patient and public involvement
The local authorities delivering the intervention engaged 
with various community groups in promoting the inter-
vention and identifying intervention sites. Patients 
and the public were, however, not directly involved in 
designing this analysis.

RESULTS
Figure 1 shows the intervention (yellow) and the non- 
intervention areas (purple). The red and cyan dots 
represent the mobile and pop- up static vaccination sites 
respectively. The map in online supplemental appendix 
5 shows the weights that were applied to the non- 
intervention areas to construct the synthetic control.

Table 1 presents summary statistics for the interven-
tion and non- intervention areas (see online supple-
mental appendix 3 for the comparison between the 
intervention and the rest of Cheshire and Merseyside). 
The average vaccination rate of the first dose was much 
higher in the non- intervention areas before the intro-
duction of the intervention. On average, residents of 
the non- intervention areas had to travel slightly longer 
to get to the nearest conventional static vaccine site. The 
intervention areas were younger and more deprived, and 
had a higher proportion of overcrowded households, 
higher proportions of Asian/Asian British and black/
black British ethnic minority groups, and higher popu-
lation density. There were no differences in terms of the 
proportion of mixed ethnicity. As the matching algorithm 
achieved an exact match, the weighted average of each 
variable in table 1 was identical in the synthetic control to 
those in the intervention areas.

Figure 2 shows the trend in weekly vaccination rate in 
the intervention and synthetic control areas, during an 
11- week period (7 weeks before and 3 weeks after the 
introduction of the mobile vaccination unit). For the 
preintervention period, trends were indistinguishable, 
as the synthetic control algorithm has achieved an exact 
match by successfully calibrating the weights. From the 
time point of the intervention being introduced, weekly 
vaccination rates increased from 1.5% to 1.9% in the 
intervention areas. Trends in the matched synthetic 
control areas that were not visited by a mobile vaccina-
tion unit remained fairly flat, with a small decrease in the 
postintervention period. From 2 weeks postintervention, 
95% CIs stopped overlapping.
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Table 2 shows the estimated effect of the mobile vacci-
nation units on weekly vaccination rate, the percentage of 
adults who have received the first dose of the COVID- 19 
vaccine in each week among the total eligible adult 
population, using two models based on area- level and 
individual- level data, respectively. The two analyses show 
similar results. The area- based analysis indicates that 
vaccination rates in the neighbourhoods visited by mobile 
vaccination units were 23% higher in the 3 weeks after 
the first visit, compared with what would have been the 

case without the mobile vaccination units’ visits (RR 1.23, 
95% CI 1.11 to 1.36). The RRs adjusted for individual- 
level characteristics is slightly higher than that of the 
area- based model (RR 1.25, 95% CI 1.21 to 1.28). This 
overall effect size estimates 3723 additional vaccinations 
over 3 weeks of follow- up across the study area, similar 
to the actual number of people vaccinated in the mobile 
units (n=3824). Sensitivity tests excluding ethnicity and 
the two pop- up sites showed similar results with those 
of model 2 (see online supplemental appendices 8 and 

Figure 1 Location of the 35 eligible mobile vaccination units (red dots), the two static pop- up sites (cyan dots) and the non- 
intervention (purple) and intervention (yellow) areas across Cheshire and Merseyside. The submap in the box of the top right 
shows the location of Cheshire and Merseyside in England.
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9, respectively). While sensitivity tests on the distance 
threshold demonstrated the spatially sensitive nature 
of our analysis (online supplemental appendix 10), our 
results are relatively robust against the spatial spill- over 
effect once an appropriate distance threshold was chosen 
(online supplemental appendix 11).

We used interaction analyses to investigate if the 
intervention effect was modified by deprivation, 
ethnicity and age (see online supplemental appendix 
6). We found a significant interaction between depri-
vation and the intervention indicating reduced 
effectiveness with increased deprivation (p<0.001), 
a significant interaction with ethnicity indicating 
reduced effectiveness for Asian/Asian British 
(p=0.006), black/black British (p=0.005) or other 
ethnic groups (p=0.010), compared with white/white 
British people, and a significant interaction with age 
indicating reduced effectiveness in older age groups. 
The combination of these interaction effects means 
that in many groups defined by age, ethnicity and 
deprivation there was no evidence of effectiveness 
(see figure 3).

Figure 3 shows estimated effect of mobile vaccination 
units on weekly vaccine uptake for all the subgroups 
using the combination of the effect in the reference 
group (18–30 years of white ethnicity living in the least 
deprived neighbourhoods that were visited by the mobile 
vaccination unit) and the interaction terms for depriva-
tion, ethnicity and age group. The relative effect of the 
intervention for the reference group is shown in the 
bottom left cell of figure 3, indicating that the inter-
vention increased vaccine uptake by 68% (RR 1.68) for 

18–30 years of white ethnicity living in the least deprived 
neighbourhoods and having received the intervention 
relative to people of the same age group, ethnicity, living 
in neighbourhoods of the same deprivation level but 
without the intervention. For people of same ethnic and 
age group but living in intermediately deprived areas, the 
effect was slightly larger (RR 1.82, 82% increase; calcu-
lated as the combination of the effect on the reference 
group and the interaction term for intermediate depriva-
tion with mobile vaccination units: 1.683×1.081=1.82; see 
online supplemental appendix 6), while for those living 
in the most deprived areas it was lower (RR 1.30, 30% 
increase; calculated as 1.683×0.770 in the same manner as 
above). Effects of other subgroups could be interpreted 
in the same way. Due to the small sample sizes of these 45 
subgroups (see online supplemental appendix 7), these 
results should be treated with caution. However, they 
indicate the likely pattern of effects of the intervention 
across these groups. Overall, white, 18–30 years living in 
neighbourhoods of intermediated deprivation appeared 
to benefit the most from visits of the mobile vaccination 
unit (figure 3). Effects were lowest for older age groups in 
the most deprived areas. Although the effect of the mobile 
vaccination unit may be lower for the most deprived 
population and for people from black, Asian and other 
ethnic minority groups, the mobile vaccination unit does 
still appear to have increased uptake in these groups for 
younger people, while we find no evidence of a positive 
effect for most older age groups from black, Asian and 
other ethnic minority groups, particularly in deprived 
areas. The survival analysis showed similar results overall 
(online supplemental appendix 12).

Table 1 The summary statistics for the intervention and non- intervention areas at the intervention onset in the 7 weeks prior 
to the introduction of the mobile vaccination unit

Non- intervention areas Intervention areas

Total population 1 495 582 338 006

% women 50.84 48.92

Population density—people per hectare 38.84 65.11

Mean age 42.71 38.03

% Asian/Asian British 1.10 3.28

% Black/Black British 0.52 2.37

% Mixed people 1.48 1.87

IMD score* 28.71 40.38

% households with at least one- bedroom fewer than they need 2.69 4.77

Average travel time by car to the nearest conventional static vaccine site—minutes 4.14 2.83

First dose vaccine uptake among adults (the percentage of adults who have received 
the first dose of COVID- 19 vaccine among the total eligible adult population prior to 
preintervention) (%)

69.28 52.65

Average weekly first dose vaccination rate among adults in the 7 weeks prior to 
intervention (%)

1.85 1.51

No of LSOAs 1112 216

*We primarily used the IMD score in our main models 1 and 2 in the following analysis. We then sorted the IMD score in ascending order and divided 
it into three equal parts to facilitate our subgroup analysis by level of deprivation.
IMD, index of multiple deprivation; LSOAs, lower super output areas.

https://dx.doi.org/10.1136/bmjopen-2023-071852
https://dx.doi.org/10.1136/bmjopen-2023-071852
https://dx.doi.org/10.1136/bmjopen-2023-071852
https://dx.doi.org/10.1136/bmjopen-2023-071852
https://dx.doi.org/10.1136/bmjopen-2023-071852
https://dx.doi.org/10.1136/bmjopen-2023-071852
https://dx.doi.org/10.1136/bmjopen-2023-071852
https://dx.doi.org/10.1136/bmjopen-2023-071852


7Zhang X, et al. BMJ Open 2023;13:e071852. doi:10.1136/bmjopen-2023-071852

Open access

DISCUSSION
Our study presents much- needed empirical evidence of 
the effectiveness of mobile vaccination units in promoting 
COVID- 19 vaccination, indicating that they can increase 

uptake in their targeted neighbourhoods. The effect size 
estimated in our analysis closely corresponds to the actual 
number, indicating that a significant proportion of vacci-
nations conducted in the mobile units were additional. 

Figure 2 The trend in the weekly vaccination rate with their 95% CIs in the intervention and synthetic control areas.

Table 2 Estimated effect of mobile vaccination units on weekly vaccination rate (the percentage of adults who have received 
the first dose of the COVID- 19 vaccine in each week among the total eligible adult population)

RR

95% CI

P valueLCL UCL

Model 1. LSOA level synthetic control analysis 1.23 1.11 1.36 <0.001
Model 2. Individual level weighted Poisson regression analysis 1.25 1.21 1.28 <0.001

The table shows the relative risks indicating the estimated ratio of vaccine rates in the intervention group compared with the synthetic control 
group in the 3 weeks following intervention. Model 1 uses LSOA level data, accounting for area- based differences between intervention 
and non- intervention areas, with permuted p values and confidence intervals, while model 2 additionally controls for individual differences 
between intervention and non- intervention groups.
LCL and UCL, lower and upper CI; RR, relative risk.
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Put simply, our findings suggest that among individuals 
using the mobile vaccination units, there was a minimal 
number who would have otherwise sought their vaccina-
tions at conventional static centres. This implies that the 
mobile vaccination units effectively reached individuals 
who may have faced barriers in accessing conventional 
static vaccination sites. Our study, therefore, also lends 
support to previous studies on other forms of preventa-
tive care that mobile units are useful tools in improving 
geographical accessibility and convenience of services for 
patients.12–15

Within those neighbourhoods, however, the interven-
tion tended to increase uptake most among younger 
people, white people and less socioeconomically deprived 
areas. However, the targeted neighbourhoods were the 
most deprived. Our analysis indicated that the inter-
vention was similarly effective in the least deprived and 

intermediate levels of deprivation within these targeted 
neighbourhoods. It is only in areas with IMD score of over 
53, the lower bound of the most deprived, that the effec-
tiveness declined. However, 53 is at the 95th percentile 
of the national distribution of IMD scores, representing 
very deprived areas nationwide. Our findings indicate, 
therefore, that the intervention was effective at increasing 
uptake among young people in relatively deprived areas 
(although not in extremely deprived areas) and across 
young people from all ethnic groups in these areas.

Our study has limitations. We only had data on indi-
viduals who had been registered with the GP at time of 
our study. The GP registered population is larger than 
that of the 2021 Census (2.7 million vs 2.5 million people) 
due to known data issues (eg, delays in people updating 
addresses when move home, different definitions of 
resident population). Although unregistered people 

Figure 3 Heatmap of the estimated impact of the mobile vaccination units on Weekly number of first dose COVID- 19 vaccines 
administered among all the subgroups based on interaction analysis.
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attending for mobile units were encouraged and can 
register with a GP in their attendance, there may have 
been people vaccinated who did not wish to be registered, 
such as undocumented immigrants, homeless popula-
tions, travellers and displaced people. We were unable to 
estimate the impact of the intervention in these groups. 
The mobile vaccination unit could have increased uptake 
due to improved accessibility through the mobile vaccina-
tion unit itself and/or the awareness raising and publicity 
associated with visits of these units. Our analysis cannot 
distinguish between these effects.

Our analysis covers a relatively short period of follow- up. 
We are, therefore, unable to determine whether the 
observed effect is due to people being vaccinated earlier 
than they would otherwise have been or if they would 
have never taken up vaccine without the intervention. We 
could link approximate but not exact time/date visits of 
the mobile units. Further research should look to eval-
uate if mobile units had different effects at different 
stages of a pandemic (eg, initial roll- out compared with 
reopening of society or once most people have been 
vaccinated by traditional means). We used a measure of 
average distance to construct the intervention and non- 
intervention group, which would have made our effect 
estimate more conservative (see online supplemental 
appendix 11) and more sensitive to the choice of threshold 
(online supplemental appendix 10). Selecting an appro-
priate distance threshold is difficult, suggesting the need 
to evaluate how distance might impact the delivery and 
impact of mobile interventions. This not only reflects the 
geographical nature of the intervention but indicates the 
potential benefit of improving the data quality for the 
distance measurement in future research. Although we 
have accounted for observed differences between places 
visited by the mobile vaccination units and those not and 
differences in individual characteristics, it is still possible 
that unmeasured confounding could bias the results.

CONCLUSION
Our study has implications for strategies aiming to increase 
vaccine uptake. By improving geographical accessibility 
and convenience of services, the mobile vaccination unit 
likely promoted uptake of the first dose of the COVID- 19 
vaccine in our study population. The evidence indicating 
greater effects in less deprived areas and in the white/
white British population raises concerns that the inter-
vention could however lead to an increase in inequalities 
in uptake within targeted areas. It is important to ensure 
the mobile vaccination units are effectively targeted to 
the communities with low uptake and combined with 
comprehensive engagement and outreach with black 
and Asian ethnic groups and with more socioeconomi-
cally disadvantaged communities. With successive SARS- 
CoV- 2 variants and the need for multiple vaccine doses 
to achieve sufficient immunity, rapidly increasing uptake 
and reducing inequalities in uptake was of critical public 
health importance. Deployment of mobile units alongside 

other effective approaches to increase uptake in disad-
vantaged groups can contribute to this goal.
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