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We studied the real-life effect of an unprecedented rapid mass vaccination campaign. 42 
Following a large outbreak of B.1.351 and B.1.1.7/E484K in the district of 43 
Schwaz/Austria, 100,000 BNT162b2 doses were procured to mass vaccinate the entire 44 
adult population (16+) of the district between the 11th and 16th of March 2021. This made 45 
the district the first widely inoculated region in Europe. We examined the effect of this 46 
unique campaign on the number of infections including VoCs, hospital and intensive care 47 
unit (ICU) admissions. We compared Schwaz with (i) a control group of highly similar 48 
districts, and (ii) with populations residing in municipalities along the border of Schwaz 49 
which were just excluded from the campaign. We find large and significant decreases for 50 
all outcomes after the campaign, including VoCs cases. The reduction relative to the 51 
control regions was largest for younger age cohorts, which were mostly non-vaccinated in 52 
the rest of the country due to the age-gradient in the national vaccination plan. Our results 53 
demonstrate that rapid population-wide mass vaccination can be an effective tool to curb 54 
overall infections as well as VoCs. 55 

 56 

Introduction 57 

In the autumn of 2020, the emergence of SARS-CoV-2 variants of concern (VoCs, mostly 58 
B.1.1.7 and B.1.351) was detected in Europe and elsewhere (1-3). By spring 2021, one of the 59 
largest outbreaks of B.1.351 and B.1.1.7/E484K in Europe occurred in the district of Schwaz, 60 
Austria (4). A main concern was that the mutations that these variants carry in their spike protein 61 
may make them less susceptible to the immune response induced by vaccines. In response to 62 
this local outbreak, the Government of Austria and BioNTech joined forces in an effort to 63 
supply 100,000 extra vaccine doses of BNT162b2 to rapidly mass vaccinate the entire adult 64 
population (16+) of Schwaz. Between 11th and 16th of March, more than 70% of the adult 65 
population of Schwaz received their first dose of BNT162b2, which made Schwaz the first 66 
widely inoculated region in Europe. This stood in sharp contrast to the slow vaccination 67 
progress of the rest of the country, which had a vaccination coverage (first dose) of 10% at that 68 
time. Thus, this local mass vaccination campaign created stark differences in vaccine coverage 69 
at the district level of otherwise highly integrated regions with very similar spread of SARS-70 
CoV-2 prior to the campaign. We exploit this stark difference in local vaccine coverage to study 71 
differences in the number of infections, circulation of VoCs, hospitalizations and intensive care 72 
unit (ICU) admissions following this mass vaccination campaign. This local, population-wide 73 
mass vaccination event provides a unique opportunity to study the impact of rapid vaccination 74 
campaigns against SARS-CoV-2 and its VoCs. 75 

Previous evidence from real-world coronavirus disease 2019 (COVID-19) vaccination 76 
campaigns is mostly based on the comparison of groups which were prioritized in national 77 
vaccination plans (e.g., elderly people, or individuals with medical conditions at risk of 78 
COVID-19) with unvaccinated controls (5-9). Prioritization in the national vaccination plans 79 
are not random but often based on multi-tiered selection criteria such as age, medical condition 80 
or socioeconomic status, which may make comparisons challenging. Another approach to 81 
quantify the impact of real-world COVID-19 vaccinations is to measure the overall effect of 82 
the vaccination program on an entire population (10). In the district of Schwaz, the entire adult 83 
population was offered vaccination (and administered within 5 days), regardless of their age or 84 
any other factors. It is this population-wide rapid mass vaccination which sets our study apart. 85 
It allows us to compare outcomes of a general population living within the same geographical 86 
area but across district borders, resulting in very different vaccine coverage. Our study design 87 
keeps confounding factors such as the healthcare system, local conditions facilitating the spread 88 
of SARS-CoV-2, and general population characteristics as constant as possible. Finally, due to 89 
the occurrence of B.1.351 and B.1.1.7 E484K at significant numbers in the district of Schwaz, 90 
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our study provides novel evidence of the real-life effect of the vaccine on an entire population 91 
regarding two of the most common VoCs.  92 

 93 

Methods 94 

Data sources used 95 

For our retrospective observational study we used data from the Austrian epidemiological 96 
reporting system (Österreichisches Epidemiologisches Meldesystem, EMS). These data are 97 
collected by the Austrian National Public Health Institute (Gesundheit Österreich GmbH, 98 
GÖG), along with information on hospital admissions due to COVID-19 diagnosis. Our 99 
database comprises municipality/district-level epidemiological datasets of laboratory testing, 100 
sequencing (VoCs), and hospital/ICU admission data. Sequencing data is only available for the 101 
state of Tyrol, which responded with comprehensive sequencing of almost all SARS-CoV-2 102 
PCR-positive cases after the large outbreaks of B.1.351 and B.1.1.7/E484K. Vaccination data 103 
(“e-Impfpass”) is only available for the state of Tyrol, since the federal states are responsible 104 
for the roll-out of the national vaccination plan. Our sample selection is based on the universe 105 
of all Austrian districts (all Tyrolian districts in the case of the vaccination and sequencing data) 106 
and all municipalities within those districts. We employed all infections, VoC cases, hospital 107 
and ICU admissions recorded for those geographical units.  108 

Study design and statistical analysis 109 

Our study design exploited the fact that very similar municipalities which share many 110 
geographical as well as socio-demographic characteristics ended up with very different vaccine 111 
coverage following the mass vaccination campaign in Schwaz in March (dose 1) and April 112 
(dose 2) 2021. To distinguish the possible effects of the vaccination on (variant) cases and 113 
hospitalizations from other factors, we used two different methods providing alternative 114 
comparisons of post-campaign virus transmission:  115 

First, we used the synthetic control method (SC), which is widely applied in causal analysis 116 
(11-13), and also in recent health and Covid-19 research (14, 15). The synthetic control group 117 
is constructed through a data-driven process in which weights are assigned to a donor pool of 118 
all 91 Austrian districts to approximate as closely as possible the pre-treatment characteristics 119 
of Schwaz. The choice of the weights is based on the SARS-CoV-2 infection spread prior to 120 
the vaccination campaign and additional covariates such as population size, geographical area 121 
size and the number of municipalities within a district (see also Supplementary Table A1 which 122 
summarizes further details on the profiles of Schwaz and the synthetic control group). Once the 123 
treatment took place (i.e., roll-out of the first dose in the campaign), the respective outcome 124 
variable is compared between Schwaz and its synthetic counterpart. This allows to estimate 125 
what would have happened to Schwaz in the absence of the mass vaccination campaign. To 126 
evaluate the significance of the differences observed between Schwaz and the synthetic control 127 
group, we employed a standard permutation test (13,15).  128 

Second, we made use of our very fine-grained geographical data to compare adjacent 129 
municipalities just within versus just outside the district of Schwaz before and after the roll-out 130 
of the first dose. We selected those border municipalities on the basis of road connectivity to 131 
the district of Schwaz. Specifically, we only selected border municipalities outside the district 132 
of Schwaz as control units when there existed a direct road link between the respective border 133 
municipality and Schwaz. This ensures that the populations living in these border municipalities 134 
share many geographical and socio-demographic characteristics (e.g., local mobility) with 135 
Schwaz but were excluded from the mass vaccination campaign. We employed an event-study 136 
model based on a difference-in-difference (DID) design to measure the impact of the campaign 137 
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in Schwaz relative to the border municipalities (13,16). Empirically, we estimated a two-way 138 
fixed-effects model including an indicator variable for municipalities located in Schwaz as the 139 
treated units. We allocated our daily data into weekly periods starting from the 18th of January 140 
2021 and calculated for each week 𝑘 the DID in the 7-day moving average of new infections 141 
(per 100,000 inhabitants) between the group of bordering municipalities and Schwaz. The 142 
regression equation is given by 143 
 144 
 𝑦𝑖𝑡,𝑤 = 𝛿𝑖 + 𝛿𝑤 + ∑ 𝛽𝑘𝐷𝑖𝑡,𝑤−1𝑘=−6 + ∑ 𝛽𝑘𝐷𝑖𝑡,𝑤16𝑘=1 + 𝜖𝑖𝑡,𝑤, (1) 145 
 146 

where 𝑦𝑖𝑡,𝑤 denotes the 7-day moving average of new infections (per 100,000) in municipality 147 𝑖 (Schwaz or border municipalities) and day 𝑡, which is nested in week 𝑤. 𝛿𝑖 and 𝛿𝑤 denote 148 
municipality- and week-fixed effects, and 𝐷𝑖𝑡,𝑤 is the treatment variable taking a value of 1 for 149 
municipalities in Schwaz and 0 for border municipalities just outside of Schwaz. 𝑘 in the sum 150 
operators indicate leads (first sum) and lags (second sum) of the treatment effect. 𝜀𝑖𝑡,𝑤 is the 151 
error term. Standard errors are clustered at the municipality level. Our coefficients of interest 152 
are the 𝛽𝑘, which measure the difference in the outcome variable (e.g., daily infections) between 153 
Schwaz and the neighboring border municipalities at a given week 𝑘 relative to the omitted 154 
reference category, which is the week of the first dose of the campaign (11th to 16th of March).  155 

Third, we calculated the overall average effect of the vaccination campaign in Schwaz relative 156 
to the neighboring border municipalities using a standard two-period DID analysis. 157 
Specifically, we estimated one post-treatment effect that comprised the average effect over all 158 
post-campaign weeks starting 14 days after the roll-out of the first dose which is approximately 159 
the time period after which first effects of BNT162b2 materialized in the original clinical trial 160 
(17). We reported the point estimate and its associated 95% CI. Standard errors are clustered at 161 
the municipality level.  162 

 163 

Results 164 

Impact of the mass vaccination campaign on vaccine coverage 165 

To illustrate the stark difference in vaccine coverage following the mass vaccination campaign 166 
we calculated the shares of the adult population that received the first and second dose, 167 
respectively. Figure 1 plots these shares for the district of Schwaz as well as for all other 168 
Tyrolian districts (pooled together). The massive impact of the mass vaccination campaign in 169 
Schwaz vis-à-vis the other districts is striking. Prior to the first dose of the campaign (11th to 170 
16th of March), vaccination coverage of first doses was approximately 10% in Schwaz and 171 
everywhere else. After the first campaign week, vaccination coverage increased by 172 
approximately 60 percentage points to more than 70% of the adult population. When three 173 
weeks later the second dose was administered (8th to 11th of April), Schwaz became one of the 174 
regions in Europe with the highest vaccine coverage. The stark difference (especially regarding 175 
the second dose) between Schwaz and the other districts persisted over months, providing a 176 
unique setting to study the impact of the vaccine against SARS-CoV-2 and its VoCs.  177 

Schwaz vs. synthetic control group 178 

To examine the impact of this stark difference in vaccination coverage we used the daily number 179 
of SARS-CoV-2 infections at the district level as the respective outcome variable. We 180 
calculated the cumulative daily infections from the second week of January 2021 onwards. We 181 
employed the synthetic control group method which allowed us to estimate what would have 182 
happened to Schwaz in the absence of the mass vaccination campaign.  183 
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Figure 2 shows the cumulative daily infections per 100,000 inhabitants for Schwaz and the 184 
synthetic control group. Two observations stand out: First, Figure 2b shows that both the 185 
treatment and the (synthetic) control group had very similar spread of SARS-CoV-2 infections 186 
prior to the mass vaccination campaign, confirming that the two groups are highly comparable. 187 
Second, around 3-4 weeks after the first dose, the sum of infections started to diverge (Figure 188 
2a). While the sum of infections in the control group continued to rise, infections in Schwaz 189 
came to an almost complete halt. Around four months after the first dose we found the 190 
cumulative daily infections per 100,000 inhabitants in the control group to be about 2,400, and 191 
1,500 in Schwaz. We tested for the significance of this difference using a standard permutation 192 
test, which resulted in a p-value of 0.013, suggesting that the probability of observing the large 193 
treatment effect of Schwaz by pure chance is very low. Relating the observed difference of 900 194 
(avoided) infections to the number of infections in the synthetic control group gives a reduction 195 
of 53.6%. It should be noticed that this estimate cannot be directly compared to individual-level 196 
efficacy numbers published in the original clinical trial (17). Different to a clinical trial, the 197 
impact of a vaccination program on an entire population hinges on additional factors such as 198 
vaccine coverage, vaccine uptake of subgroups, or suboptimal immune status of individuals in 199 
the population. In addition, the population in our control group is partially vaccinated as well, 200 
which again is different to the original clinical trial design (see Figure 1). 201 

Next, we studied the cumulative daily infections per 100,000 inhabitants by age group. As in 202 
most other countries, Austria prioritized its national vaccination plan by age. Thus, we would 203 
expect the biggest difference of the mass vaccination campaign in Schwaz (which was rolled 204 
out independently of age) for younger age groups. Figure 3 shows the difference in the sum of 205 
daily infections between Schwaz and the synthetic control group. As depicted in Figure 3, the 206 
biggest difference in the number of infections between Schwaz and the control group appeared 207 
in the youngest age groups. Unfortunately, our data does not allow to disaggregate by age for 208 
those below the age of 20, which is an age group that was only partly offered a vaccine in the 209 
campaign (16+ years).  However, for the youngest age group included in our data (20-34 years) 210 
we found the largest difference of around 1,200 infections per 100,000 inhabitants between 211 
Schwaz and the control districts. In contrast, those above 80 showed the lowest difference in 212 
cumulative infections, i.e., 350 per 100,000 inhabitants. Overall, we found that the incidence 213 
by age group in Schwaz followed the age gradient of the national vaccination plan in an inverse 214 
relationship. In other words, we found the highest impact of the mass vaccination campaign in 215 
Schwaz for the age groups with lowest priority according to the national vaccination plan.  216 

Next, we examined hospital admissions related to confirmed SARS-CoV-2 infections. For this 217 
outcome variable, we only had weekly data up to calendar week 21 available (i.e., 11 weeks 218 
after dose 1 of the campaign). Figure 4a shows the cumulative weekly hospital admissions per 219 
100,000 inhabitants for Schwaz and the synthetic control group. We found that prior to the mass 220 
vaccination campaign, both the treatment and control group had very similar numbers of 221 
hospital admissions. Around 4 weeks after the first dose administered during the campaign, the 222 
number of hospital admissions started to diverge. 11 weeks after the first dose we found the 223 
cumulative weekly hospitalizations per 100,000 inhabitants was 126.8 in the synthetic control 224 
group and 71.0 in Schwaz. Relating this difference of 55.7 (avoided) hospitalizations gives a 225 
reduction in hospital admissions of about 78%.   226 

Furthermore, we studied admission to ICUs related to a confirmed SARS-CoV-2 infection. 227 
Figure 4b shows the cumulative weekly ICU admissions per 100,000 inhabitants for Schwaz 228 
and the synthetic control group. We found that ICU admissions of the two groups started to 229 
diverge around 5 weeks after the first administered dose. 11 weeks after the first dose the 230 
cumulative weekly ICU admissions (per 100,000 inhabitants) was 21.8 in the synthetic control 231 
group and 16.6 in Schwaz. Relating this difference of 5.2 (avoided) ICU admissions gives a 232 
reduction of around 31%. This smaller effect on ICU compared to general hospital admissions 233 
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may be explained by the observed time-gap between infection, hospitalization, and ICU 234 
admission. Our hospitalization data ends in calendar week 21 and therefore only 7 weeks after 235 
dose 2, which might be too soon to find large effects on ICU admission. In addition, it should 236 
be noted that the ICU effect is based on small numbers, with an average of only 1.45 ICU 237 
admissions per week in the control group over the entire time period. In contrast, weekly 238 
admissions for general hospitalizations are six times higher, with an average value of about 8.45 239 
admissions. 240 

Schwaz vs. bordering municipalities 241 

In addition to the analysis based on the synthetic control group, we also compared the district 242 
of Schwaz with adjacent municipalities located along the district border. Thus, this analysis 243 
examined infections among local populations residing within the same geographic area, but 244 
with stark differences in vaccine coverage after the campaign. In this analysis we also used VoC 245 
cases as additional outcome variable, since sequencing data was only available for the state of 246 
Tyrol (but not for all districts used in the synthetic control method). 247 

Figure 5 plots the weekly treatment effects of an event-study model, capturing the difference 248 
between Schwaz and the border municipalities relative to the reference period (week of the first 249 
dose of the campaign, 11th to 16th of March). ). Specifically, the figure shows the weekly 250 
coefficients 𝛽𝑘 estimated from equation (1) with the associated 95% CI. Figure 5a is based on 251 
all infections as the respective outcome variable, whereas Figure 5b focuses only on confirmed 252 
cases of the two major VoCs (B.1.351 and B.1.1.7/E484K). Both panels of the figure show that 253 
in the weeks prior to the mass vaccination campaign, the differences between Schwaz and the 254 
border municipalities were not statistically different from zero. Starting approximately 3-4 255 
weeks after the first dose, we found that the number of new cases in Schwaz significantly 256 
decreased relative to the border municipalities. This is true for both overall infections as well 257 
as for the VoCs, although the decrease is somewhat lower for the variant cases. For the last 258 
weeks included in our data (May/June 2021) we found the difference between Schwaz and the 259 
control group to become somewhat smaller, which is most likely due to the gradually increasing 260 
vaccine coverage also in the control municipalities. 261 

To calculate the overall (post-treatment) effect of the vaccination campaign compared to the 262 
neighboring border municipalities, we employed a standard two-period DID analysis. Column 263 
(1) of Table 1 is based on the 7-day moving average of all infections (per 100,000 inhabitants) 264 
as outcome variable and represents the average effect of the weekly coefficients after the 265 
vaccination campaign depicted in Figure 5a. 16 weeks after the roll-out of the first dose, the 266 
average post-campaign effect shows a reduction by about 15.6 in the 7-day moving average of 267 
new infections in Schwaz relative to the border municipalities. To put this number into 268 
perspective, in the 6 weeks prior the campaign the average 7-day moving average of new 269 
infections was 24.73 in Schwaz. To determine the percent reduction of new infections due to 270 
the vaccination campaign (relative to the border municipalities) we used a log-level 271 
transformation and calculated a semi-elasticity, which showed a reduction in the 7-day moving 272 
average of new infections of around 64.0% (95%-CI: -78.8% – -38.7%). 273 

In column (2) and (3) we use confirmed cases of B.1.351 and B.1.1.7/E484K as outcome 274 
variable, respectively. We found a significant reduction of -4.4 in the 7-day moving average of 275 
new cases in B.1.1.7/E484K over all post-campaign weeks in Schwaz relative to the border 276 
municipalities. Over the 6 weeks prior to the campaign, the average 7-day moving average of 277 
new B.1.1.7/E484K cases in Schwaz was 2.87. Calculating a semi-elasticity as above gives a 278 
reduction of around 34.6% (95%-CI: -55.7% – -3.4%). For B.1.351 (column 4), we found a 279 
significant reduction of 6.1 in the 7-day moving average of new cases over all post-campaign 280 
weeks in Schwaz relative to the border municipalities. In the 6 weeks prior to the campaign, the 281 
average 7-day moving average of new B.1.351 cases was 10.57. Calculating a semi-elasticity 282 
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as above gives a reduction of 56.5% (95%-CI: -75.9% – -21.5%). For B.1.617.2 (Delta variant) 283 
we observed some cases in our control municipalities but no single case for the district of 284 
Schwaz, which prevents us from running regression analysis for this variant. In summary, we 285 
concluded that the vaccination campaign also had significant and sizable effects on major VoCs, 286 
although with a somewhat lower percent reduction. Nevertheless, our results are encouraging 287 
and suggest that mass vaccination campaigns (especially when administrating two doses within 288 
a short period of time) effectively curb the spread of the major variants.  289 

Columns (4) and (5) are based on hospital admissions related to a confirmed SARS-CoV-2 290 
infection (per 100,000 inhabitants) as outcome variable for the DID. Due to the small number 291 
of hospitalizations in the neighboring border municipalities, this comparison is based on weekly 292 
observations from all municipalities of the two neighboring districts (Kufstein and Innsbruck-293 
Land). In Column (4), we found a significant weekly reduction of -7.2 general hospital 294 
admissions in Schwaz relative to the municipalities in the neighboring districts. Over the 6 295 
weeks prior to the campaign, the average weekly hospital admissions related to a confirmed 296 
SARS-CoV-2 was 11.95. Calculating a semi-elasticity gives a reduction of 39.6% (95%-CI: -297 
54.4 – -20.1). In a similar vein, Column (5) used weekly ICU admissions related to a confirmed 298 
SARS-CoV-2 infection (per 100,000 inhabitants) as outcome variable for the DID. We found a 299 
significant reduction of 4.1 ICU admissions per week in Schwaz relative to the border 300 
municipalities. Over the 6 weeks prior to the campaign, the average ICU admissions related to 301 
a confirmed SARS-CoV-2 was 8.89, and the semi-elasticity yields a reduction of 21.3% (95%-302 
CI: -33.3% – -7.1%). However, one should interpret this result with some caution, given that 303 
we did not observe a very long time period after the vaccination campaign (hospitalization data 304 
ends 7 weeks after dose 2).  305 

Table 1: Two-period DID estimates (before-/after comparison between treatment and control 306 
group) 307 

DID-comparison 
New cases 

(1) 

VoCs Hospitalization 

B.1.1.7 / 
E484K 

(2) 

B.1.351 
(3) 

General 
admissions 

(4) 

ICU 
(5) 

Schwaz vs. border 
municipalities 

-15.56 

(-22.5 – -8.6) 

-4.43 

(-8.0 – -0.9) 

-6.05 

(-10.7 – -1.4) 

-7.18 

(-11.2 – -2.6) 

-4.14 

(-7.3 – -1.0) 
Observations 8,085 8,066 8,066 2,489 2,489 

Notes: Cases, VoCs and hospitalization in 100,000. DID is based on a before-/after-comparison between border 308 
municipalities in Schwaz and the neighboring districts. Daily observations for cases and VoCs, weekly for 309 
hospitalization. 95%-CI in in parentheses. 310 

 311 

Discussion 312 

This retrospective observational study examined COVID-19 vaccine effectiveness at the 313 
population level in the district of Schwaz, an early VoC hotspot that became one of the first 314 
highly vaccinated regions in Europe. Our study design is based on several comparisons. We 315 
used a control group of districts highly similar to Schwaz regarding many population 316 
characteristics, as well as zoomed in on border municipalities residing just outside of the treated 317 
district. 318 

We first documented a massive vaccine uptake that raised coverage from around 10% to more 319 
than 70% of the adult population within the 5 days of the local mass vaccination campaign in 320 
March. Our analysis revealed that this massive rollout of BNT162b2 mRNA vaccine was 321 
associated with a significant reduction in new SARS-CoV-2 infections of around 60% relative 322 
to the control districts. We find similar, although somewhat lower, significant reductions in 323 
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B.1.351 and B.1.1.7/E484K cases. During the time period of our study (up to June 2021), we 324 
also observed a small number cases of the B.1.617.2 variant in the control districts but none in 325 
Schwaz. Our results suggest that the rapid mass vaccination campaign was successful in curbing 326 
the local outbreak of two major VoCs.  Our analysis also showed that the drop in cases followed 327 
a significant reduction in hospital as well as ICU admissions associated with SARS-CoV-2. 328 
Finally, we found the biggest effect of this population-wide vaccine roll-out to occur among 329 
younger age cohorts, a mostly unvaccinated demographic group in our control districts (due to 330 
the prioritization of older age groups in the national vaccination plan).  331 

A limitation of our study is that it is not a randomized clinical trial but an observational study, 332 
which may be influenced by confounders such as lockdown policies. While almost all non-333 
pharmaceutical interventions (such as school measures, or curfew restrictions) were identical 334 
for Schwaz and the different control groups, there was an additional SARS-CoV-2 test 335 
requirement between the 11th of March and the 8th of April when crossing the border of the 336 
district. This test requirement may have affected mobility as well as the spread of infections. 337 
However, we analyzed Google mobility data and found, if anything, a slight increase in mobility 338 
for Schwaz relative to the synthetic control group (see Supplementary Figure A2). 339 
Furthermore, we investigated for every other district of Austria with the same test requirement 340 
(in total five other districts) if infection numbers dropped in a similar magnitude as they did in 341 
Schwaz. None of the five districts experienced a decline in any comparable way after the test 342 
requirement (see Supplementary Figure A3). Finally, the pattern for the different age groups 343 
shown in Figure 3 is difficult to explain by the test requirement policy (which was independent 344 
of age). Taking together, our findings suggest that the large reduction of infections in Schwaz 345 
was driven by the mass vaccination campaign. 346 

Although previous reports, both clinical trials as well as real-life studies, have shown the 347 
effectiveness of the vaccines, studying the overall effect of a vaccination campaign on an entire 348 
population is important. Population-wide effects depend on factors which can be controlled for 349 
in clinical trials but not in national vaccination plans, such as vaccine uptake of population 350 
subgroups, or heterogeneous social mixing. As the district of Schwaz was one of the first 351 
regions with population-wide mass vaccination, we believe that our results might be of interest 352 
to other global regions. Our results suggest that rapid population-wide mass vaccination can be 353 
an effective tool to reduce overall infections as well as to curb local outbreaks of variants of 354 
concern. This will be especially important when vaccines become more easily available at a 355 
large scale by the end of 2021 (18).  356 
 357 

 358 

 359 
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Data availability 414 

For this study we used data from the Austrian epidemiological reporting system 415 
(Österreichisches Epidemiologisches Meldesystem, EMS). These data are collected by the 416 
Austrian National Public Health Institute (Gesundheit Österreich GmbH, GÖG), and is 417 
provided to the researchers through a restricted-access agreement. Future access to this dataset 418 
can be considered through direct application for data access to the GÖG. Sequencing and 419 
vaccination data is made available by the Amt der Tiroler Landesregierung, which can be 420 
applied for via email. 421 

Code availability 422 

Standard epidemiological analyses were conducted using standard commands in STATA/SE 423 
16.1 (ref. 36). The codes to replicate all the statistical analysis are accessible using the following 424 
URL: https://github.com/hwin365/2021_schwaz  425 
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Figures 455 

 456 

 457 

Figure 1. Vaccination coverage of adult population in Schwaz and the rest of Tyrol 458 

The figure displays the shares of the adult population that received the first (solid line) and second dose 459 
(dashed line), respectively. Schwaz is plotted in red, while the other (eight) Tyrolian districts are pooled 460 
and depicted in blue. The shaded areas indicate the period of the first (d1) and the second (d2) roll-out 461 
of mass vaccination.462 
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 463 

Figure 2. Cumulative daily infections of Schwaz versus synthetic control group (a: after campaign; b: before campaign)  464 

The figure depicts cumulative daily infections (per 100,000) for Schwaz (solid red line) and the synthetic control group (dashed blue line). a shows the pre-treatment 465 
period, and b depicts the post-treatment period. The horizontal axis indicates the number of days relative to vaccination campaign (dose 1, indicated by “d1”). The 466 
pre-treatment period started 21 days (three weeks) before the first dose, the post-treatment period ended 112 days (16 weeks) after the first dose. The vertical dashed 467 
lines represent the first dose (d1) and the second dose (d2) administered as part of the mass vaccination campaign.468 
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 469 

Figure 3. Difference in cumulative daily infections by age group between synthetic control group and 470 
Schwaz 471 

The figure depicts for each age group in the sample the difference in cumulative daily infections (per 472 
100,000) between the synthetic control group and Schwaz. A positive difference indicates higher 473 
infection rates for the control group than for Schwaz. The horizontal axis shows the number of days 474 
relative to vaccination campaign (dose 1, indicated by “d1”). The pre-treatment period started 21 days 475 
(three weeks) before the first dose, the post-treatment period ended 112 days (16 weeks) after the first 476 
dose. The vertical dashed lines represent the first dose (d1) and the second dose (d2) administered as 477 
part of the mass vaccination campaign.478 
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 479 

 480 
Figure 4. Hospital (a) and ICU (b) admissions in Schwaz versus synthetic control group 481 

The figure shows the cumulative weekly hospital admissions (per 100,000) related to a confirmed SARS-CoV-2 infection for Schwaz and the synthetic control 482 
group. a relates to general hospital admissions, and b to the ones in ICUs. The horizontal axis shows the number of weeks relative to vaccination campaign (dose 483 
1). The pre-treatment period started four weeks before the first dose, the post-treatment period ended 11 weeks after the first dose. The vertical dashed lines represent 484 
the first dose (d1) and the second dose (d2) administered as part of the mass vaccination campaign. 485 
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 486 
Figure 5. Daily infections of SARS-CoV-2 (a: all infections) and its VoCs (b: B.1.351 and B.1.1.7/E484K) in Schwaz and the neighboring municipalities 487 

The figure displays the results from regression equation (1) and uses the 7-day moving average of daily cases (per 100,000) as outcome variable for Schwaz and its 488 
bordering municipalities. a refers to all infections, and b to the sum of variants B.1.351 and B.1.1.7/E484K. The plotted coefficients represent the weekly difference 489 
in the 7-day moving average of new cases between Schwaz and the border municipalities relative to the reference period (week when dose 1 of campaign was 490 
administered which is calendar week 10 of 2021). The coefficient for each week is shown together with the 95%-confidence interval. The horizontal axis displays 491 
the number of weeks relative to vaccination campaign (dose 1). The vertical dashed lines represent the first dose (d1) and the (d2) second dose administered as part 492 
of the mass vaccination campaign.493 
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Supplementary Appendix 494 

 495 

 496 

 497 
Figure A1: Placebo-in-space Schwaz versus all donors 498 

The figure describes the results of a placebo test, where we applied the SC method sequentially on each 499 
district in the donor pool (“placebo units”), using the date of the roll-out of the first dose in Schwaz as 500 
the treatment date (11th of March). It shows the distribution of differences between the treated units and 501 
their respective synthetic control units for Schwaz (red line) and each of the 91 placebo units (grey lines) 502 
for daily infections per 100,000 as respective outcome variable. Visual inspection shows that the 503 
treatment effect in Schwaz was much higher than for almost any other placebo unit. A positive (negative) 504 
difference indicates a higher (lower) transmission in the treated group relative to the synthetic control 505 
group. Based on the placebo results, we ranked the treatment effects of all 92 districts starting with the 506 
highest (negative) effects and performed a standard permutation test. The horizontal axis shows the 507 
number of days relative to the vaccination campaign (dose 1, indicated by “d1”). The pre-treatment 508 
period started 21 days (three weeks) before the first dose, the post-treatment period ended 112 days (16 509 
weeks) after the first dose. The vertical dashed lines represent the first dose (d1) and the second dose 510 
(d2) administered as part of the mass vaccination campaign. 511 
  512 
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 513 
Figure A2. Mobility patterns in Schwaz versus synthetic control group 514 

The figure depicts the weekly difference in various mobility measures between Schwaz and the synthetic 515 
control group. The mobility measures are based on the Google COVID-19 Community Mobility Reports 516 
showing visits and length of stay for five different places and occasions: Recreation (e.g., restaurants, 517 
cafes, shopping centers, museums or libraries), shopping (e.g., grocery markets, food warehouses, 518 
farmers markets or pharmacies), transport (e.g., public transport hubs such as subway, bus and train 519 
stations.), workplaces and residence (home). A positive difference indicates higher mobility in Schwaz 520 
than for the control group. The horizontal axis shows the number of weeks relative to the vaccination 521 
campaign (dose 1, indicated by “d1”). The pre-treatment period started four weeks before the first dose, 522 
the post-treatment period ended 16 weeks after the first dose. The vertical dashed lines represent the 523 
first dose (d1) and the second dose (d2) administered as part of the mass vaccination campaign, 524 
respectively. Source: Google LLC “Google COVID-19 Community Mobility Reports”. 525 
https://www.google.com/COVID19/mobility/  [July 15, 2021].  526 

https://www.google.com/COVID19/mobility/


18 
 

 527 
Figure A3. Cumulative daily infections of Schwaz and NPI-districts versus synthetic control group 528 

The figure depicts cumulative daily infections (per 100,000) for the five Austrian districts which had a 529 
test requirement (TR) in place for crossing district borders and the respective synthetic control group. 530 
These five districts are b: Hermagor, c: Kufstein, d: Neunkirchen, e: Wiener Neustadt Land, and f: 531 
Wiener Neustadt Stadt. For comparison, a depicts Schwaz versus its synthetic control group, which is 532 
identical to Figure 2 of the main text. The SC algorithm allows a selection of control units that reflect 533 
the pre-treatment trend very well. The only exception is Hermagor, where we observe considerable 534 
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differences in outcomes between the treatment and the control unit in the pre-treatment period, which 535 
in turn makes the post-treatment comparison less reliable. The  horizontal axis shows the number of 536 
days relative to the respective start of the test requirement (the corresponding starting dates are reported 537 
in the legend of the figures), which coincided with the first vaccination campaign week (dose 1) in 538 
Schwaz. The pre-treatment period started three weeks before the test requirement, the post-treatment 539 
period ended 16 weeks thereafter. The vertical dashed lines represent the first dose (d1) and the second 540 
dose (d2) administered as part of the mass vaccination campaign, respectively. 541 

 542 

 543 

 544 

Table A1: Pre-treatment profiles for Schwaz and the synthetic control group 545 

Variable Schwaz Synthetic 

Schwaz1) 

Infections (day 2) 28.42 27.29 
Infections (day 8) 185.90 190.62 
Infections (day 14) 357.58 353.56 
Infections (day 21) 467.70 472.30 
Population 84456 44606.35 
Area 1843 1159.37 
Number of municipalities within district 39 32.62 
RMSPE  12.99 

Notes: Infections are measured per 100,000 inhabitants. 1) Chosen donors include Hartberg-546 
Fürstenfeld (22.8%), Hermagor (11.2%), Reutte (63.8%) and Steyr Stadt (2.2%). The weights 547 
for the chosen districts of donor group are reported in parentheses. All other Austrian districts 548 
receive zero weight. The RMSPE (Root Mean Squared Prediction Error) measures the 549 
difference in infections per 100,000 between Schwaz and the synthetic control group for all 550 
pre-treatment periods. 551 


