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In the COVID-19 pandemic, governments have, among other measures1,2, mandated the 
use of COVID certificates to prove vaccination, recovery or a recent negative test, and 
have required individuals to show certificates to access shops, restaurants, and education 
or workplaces3. While arguments for and against COVID certificates have focused on 
reducing transmission and ethical concerns4,5, the incentive effects of COVID certificates 
on vaccine uptake, health outcomes and the economy has not yet been investigated. 
To estimate these effects, we construct counterfactuals based on innovation diffusion 
theory6 for France, Germany and Italy. We estimate that the announcement of COVID 
certificates during summer 2021 led to increased vaccine uptake in France of 13.0 (95% 
CI 9.7–14.9) percentage points (p.p.) of the total population up to the end of the year, 
in Germany 6.2 (2.6–6.9) p.p., and in Italy 9.7 (5.4–12.3) p.p. Further, this averted an 
additional 3,979 (3,453–4,298) deaths in France, 1,133 (-312–1,358) in Germany, and 
1,331 (502–1,794) in Italy; and prevented gross domestic product (GDP) losses of €6.0 
(5.9–6.1) billion in France, €1.4 (1.3–1.5) billion in Germany, and €2.1 (2.0–2.2) billion in 
Italy. Notably, the application of COVID certificates substantially reduced the pressure on 
intensive care units (ICUs) and, in France, prevented occupancy levels being exceeded 
where prior lockdowns were instated. Varying government communication efforts and 
restrictions associated with COVID certificates may explain country differences, such as 
the smaller effect in Germany. Overall, our findings are more sizeable than predicted7. 
This analysis may help inform decisions about when and how to employ COVID 
certificates to increase vaccine uptake and thus avoid stringent interventions, such as 
closures, curfews, and lockdowns, with major social and economic consequences.
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Introduction 

The COVID-19 pandemic has forced many governments to implement previously unthinkable policies. 
Initially, while some countries aimed to eliminate the virus, others aimed to slow its spread to protect 
health systems and to win time until vaccines or treatment became widely available8,9. Public health 
measures intended to reduce transmissions have included public venue closures, limitations on social 
contacts and travel restrictions. These measures are informed by mathematical simulations10-12 and 
by analyses estimating their causal effects on the dynamics of the epidemic13,14. COVID certificates – 
certifying vaccination, recovery or a recent negative test – enable, through digitisation, targeted 
interventions dependent on an individual’s risk of transmitting the virus or experiencing a severe form 
of the disease. As with other policy choices, the use of COVID certificates has often been questioned for 
ethical and political reasons4,5, while advocates have mainly focused on the potential to help control 
the spread of the virus15. We argue that the incentive effect on vaccine uptake may be most critical. As 
vaccines are increasingly available, hesitancy and refusal to be vaccinated have become the main 
obstacles to high vaccine coverage in many parts of the world16-18. Historically, policymakers have 
considered several options to increase vaccine uptake, ranging from communication and outreach 
strategies to monetary (dis)incentives and mandates19. The impact of COVID certificates on vaccine 
uptake, health outcomes, and the economy has not yet been investigated.  

In Europe, the use of COVID certificates for travel was agreed upon within the European Union (EU) in 
June 202120. Several member states, including France, Germany and Italy, subsequently adopted 
COVID certificates for many domestic activities. We focus on these countries as they introduced COVID 
certificates at similar times to regulate entry to public venues, restaurants, cafes, bars, shops, etc. (on 
12 July 2021, 10 August 2021, and 22 July 2021, respectively; see Methods A). The three countries 
also have comparable per-capita vaccine supply21, demographics, health infrastructure and 
economies. Our objective is to offer an approximate measure of the effect of the widespread use of 
COVID certificates, specifically how much they incentivised vaccine uptake, reduced adverse health 
outcomes and strengthened the economy. This study may thus help to inform decision-making on 
whether, when, and how to employ COVID certificates. 

COVID certificates spur vaccination 

We estimate the COVID certificate’s contribution to vaccine uptake in France, Germany, and Italy by 
constructing counterfactuals, ie by modelling vaccine uptake without the intervention, using 
innovation diffusion theory6. Innovation diffusion theory was introduced to model how new ideas and 
technologies spread6 and, among other applications, has been used to study the uptake of medical 
innovations22, in particular vaccines23. The theory captures the way in which an innovation – the 
vaccine – is gradually taken up by a population, with early adopters subsequently joined by 
followers24. Mathematically, the model relies on growth theory with capacity limits and two critical 
parameters. On the one hand, the ‘coefficient of innovation’ is the instantaneous rate at which a non-
vaccinated person opts to get vaccinated, independent of how many people are already vaccinated. On 
the other hand, the ‘coefficient of imitation’ is the rate at which a non-vaccinated person is influenced 
by the fraction of vaccinated people in their decision to get vaccinated. This micro-founded model has 
been widely used due to its tractability and interpretability (Methods B)25. 

Findings. The effects of COVID certificates on vaccine uptake turned out to be sizeable (Fig. 1). On the 
day of their announcements, in France, 53.8% of the population had received at least one dose of a 

2



COVID-1
uptake h
to COVID
certificat
More pre
France, 6
COVID ce
following
dose. Ou
significa
use of CO
analysin
compari

Figure 1

The cumu
interventi
confidenc
 

Importan
populati
COVID ce
Germany
cannot b

Our resu
construc
not impl
method 
robustne
group, w
syntheti
other co
border tr

 

9 vaccine, in
had risen to 7

D certificates?
tes to be app

ecisely, we a
6.2 (2.6–6.9
ertificates. Al
g their adopt

ur estimates 
ant in France 
OVID certifica

ng the immed
sons26-29 an

1: Estimated 

lative proportio
on deployment

ce interval. The 

ntly, the effe
on. By the en

ertificates am
y did not pub
build a count

ults are suppo
ct counterfac
ement the C
is feasible, ie
ess check bu

which become
ic control req
untries, whic
ravel. 

n Germany 62
78.2%, 73.5%
? To answer t
proximately 6
ttribute 13.0

9) p.p. for Ger
l three count

tion, ranging 
include the i
and Italy, bu

ates was exte
diate period a
d are overall 

vaccine upt

on of the whole 
t (blue) and in t
black dashed v

ct of COVID c
nd of 2021, w

mong the pop
blish age-dep
terfactual for 

orted by the 
ctuals for eac
OVID certifica
e until the en
ut has limitat
es infeasible

quires that th
ch is questio

2.5%, and in I
, and 80.1%, 
this question
65.2% in Fran

0 (95% CI 9.7–
rmany, and 9
tries further e
from their re
ncentives cr

ut only from e
ended to wor
after the inte
more substa

ake with and

population who
the no-interven

vertical line is th

certificates on
we attribute f
pulation over
pendent vacc

vaccine upta

well-establis
ch treated co
ate, and find 
nd of Septem
tions in our c
e as more and
he countries i

nable given t

 

Italy 61.6%. B
respectively

n, we estimat
nce, 67.3% in
–14.9) perce

9.7 (5.4–12.3
extended the
quirement in

reated by the
end of Novem
rkplaces (Fig

ervention in v
antial than pr

d without CO

o received at le
ntion counterfac
he date of the a

n vaccine up
for France 8.
r 60 years old
cine uptake s
ake among t

shed econom
ountry based

consistent t
mber 2021 (M
context. The m
d more coun
in the contro
the interdepe

By the end of
y. How much 
te the counte

n Germany, a
entage points
3) p.p. for Ita
e use of COVI
n workplaces
ese additiona
mber 2021 o
g. 1). The resu
various count
reviously pre

OVID certifica

east one COVID-
ctual scenario (

announcement 

ptake was als
9 (8.0–9.4) 
d, and for Ital
statistics unt
he older pop

metric metho
 on a weighte
rajectories fo

Methods B). S
method requ
tries have ad
l group are n
endence of C

f 2021, the fi
of this increa

erfactual with
nd 70.4% in I
s (p.p.) of vac
ly to the ince
D certificates

s to the integr
al extensions
nwards in Ge
ults are in lin
tries using cr

edicted7. 

ates 

19 vaccine dos
(red). The red s
of the COVID ce

so sizeable a
p.p. to the inc
ly 4.4 (2.9–5
til mid-Septe
ulation in Ge

d of syntheti
ed average o
or the time pe
Synthetic con
ires a sufficie

dopted COVID
ot affected b

COVID-related

rst-dose vac
ase can be a
hout COVID 
taly (Method
ccine uptake

entives creat
s in the mon
ration of a bo
s. The overall
ermany, whe
ne with studie
ross-country

se in the actual
shaded area is t
ertificate. 

mong the old
centives crea
5.2) p.p. (Met

ember 2021, 
ermany. 

ic control30. W
of countries t
eriod where t
ntrol offers a 
ently large co

D certificates
by interventio
d policies, an

ccine 
ttributed 

ds B). 
e for 
ed by 
ths 

ooster 
 effect is 
n the 

es 
y or state 

 

the 95% 

der 
ated by 
thods B). 
so we 

We 
hat did 
this 
valuable 
ontrol 
. Further, 
ons in 

nd cross-

3



Impact of COVID certificates on health outcomes 

The effectiveness of COVID-19 vaccines against hospitalisation, ICU admission, and death has been 
well documented, including for the Delta variant, which was prevalent throughout the period of study. 
We estimate the average effectiveness, considering the various vaccines and waning immunity, at 81% 
after one dose and 92% after two doses (Methods C)31-35. We focus on the direct protection provided by 
vaccines, but omit the contribution of vaccines to reducing overall transmission and the fact that COVID 
certificates may alter epidemic dynamics. 

To estimate the impact of vaccine uptake on health outcomes, we construct counterfactuals for 
second-dose vaccine uptake based on the observed lag between the first and second doses. Booster 
uptake does not factor in our model, as, during the period under consideration, these were not 
available to individuals who were not fully vaccinated before the announcement of the COVID 
certificate. We consider age-stratified uptake estimates when available; in particular, this is the case 
for France and Italy for deaths and for France for hospital admissions (Methods C). 

Findings. We estimate the number of hospital admissions and deaths that would have occurred from 
the announcement of COVID certificates until the end of 2021 (Methods C and Fig. 2). In France, an 
additional 32,065 (26,566–35,306) hospital admissions would have occurred, in Germany 5,229 (-
1,774–6,822), and in Italy 8,735 (2,999–12,261). Additional deaths in France would have been 3,979 
(3,453–4,298), in Germany 1,133 (-312–1358), and in Italy 1,331 (502–1,794). Thus, from the 
introduction until the end of 2021, the expected number of hospital admissions (and deaths) would 
have been 31.3% (31.7%) higher in France, 5.0% (5.6%) higher in Germany, and 15.5% (14.0%) higher in 
Italy. Notably, the impact of additional vaccine uptake compounds over time, and while the effect is 
significant for France and Italy over the entire period, it only becomes significant for Germany by the 
end of November. In the last week of 2021, without the accumulated difference in vaccine uptake, 
there would have been approximately 46% (49%) more hospital admissions (deaths) in France, 14% 
(11%) more in Germany, and 29% (26%) more in Italy (Fig. 2). 
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order not to threaten social cohesion or exacerbate already existing inequities4,40,41. Finally, 
international coordination and mutual acceptance of COVID certificates are crucial to prevent 
deepening the divide between different regions3. 
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Methods 
A. Data sources 

All data were retrieved in the first week of January 2022. 

Health data. For all OECD and EU countries, the share of the population who received one dose of a 
COVID-19 vaccine, two doses of a COVID-19 vaccine, hospital admissions per 1 million, daily ICU 
patients per 1 million, daily deaths per 1 million, and population estimates have been retrieved from 
Our World In Data.42 For France age-stratified data on hospital admissions, ICU patients, and deaths was 
retrieved from official government sourcesj and deaths outside hospitals from the French Institute for 
Demographic Studies (INED).k For Italy age-stratified data on deaths was also retrieved from INED.l 

Age-stratified vaccine uptake statistics for France and Italy were both retrieved from the European 
Centre of Disease Prevention and Control (note that such data is not available for Germany).m  

The share of different vaccines used until the end of 2021 in France, Germany, and Italy (made by 
BioNTech/Pfizer, Moderna, AstraZeneca, Janssen Pharmaceutica NV) have been retrieved from the 
official government sources.n 

OECD Weekly Tracker. The OECD Weekly Tracker (short ‘Tracker’) provides weekly estimates of 
economic activity based on Google Trends data and performs well across the 46 OECD and G20 
countries in forecast simulations. The Tracker’s methodology36 relies on a machine learning algorithm, 
which extracts signals from search intensities related to approximately 250 categories of search 
keywords to infer a timely picture of the economy. It is trained on official GDP series to predict weekly 
GDP from the weekly Google Trends series. It provides estimates of weekly GDP relative to the pre-crisis 
trend. 

The Tracker is based on several Google Trends variables that were hand-picked to cover a wide range of 
aspects of economic activity. Importantly, for our analysis, the Tracker only uses search behaviour on 
economic variables and not health variables. Data about search behaviours can be informative about 
consumption (e.g., related to searches for “vehicles”, “household appliances”), labour markets (e.g., 
“unemployment benefits”), housing (e.g., “real estate agency”, “mortgage”), business services (e.g., 
“venture capital”, “bankruptcy”), industrial activity (e.g., “maritime transport”, “agricultural equipment”) 
and economic sentiment (e.g., “recession”), and poverty (e.g., “food bank”). Signals about multiple 
facets of the economy can be aggregated to infer a timely picture of the macroeconomy. 

The relationship between the search volume indices and GDP, ݂, is learnt at the quarterly frequency 
using official quarterly GDP series and quarterly aggregates of the search indices. It is then used to 
disaggregate GDP growth at the weekly frequency by applying ݂ to the weekly search indices. The 
relationship between Google Trends variables and GDP growth is fitted using a neural network. It is 
trained using a dataset comprising the whole panel of observations from 46 countries. 
                                                 
j https://www.data.gouv.fr/fr/datasets/synthese-des-indicateurs-de-suivi-de-lepidemie-covid-19/. 
k https://dc-covid.site.ined.fr/en/data/france/. 
l https://dc-covid.site.ined.fr/en/data/italy/. 
m https://vaccinetracker.ecdc.europa.eu/public/extensions/COVID-19/vaccine-tracker.html#age-group-tab. 
n France: https://covidtracker.fr/vaccintracker/, Germany: https://impfdashboard.de/, Italy: 
https://www.governo.it/it/cscovid19/report-vaccini/. 
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data from the Johns Hopkins Center for Communication Programs. The acceptance rate for Malta was 
imputed using the median across countries. 

Mobility. A mobility index is built from the Google Mobility reports,o which document mobility per type 
of destination relative to the pre-crisis levels at a daily frequency. The mobility index used in this paper 
is the simple average of mobility towards workplaces and places of retail and recreation. 

Temperature. Daily temperature series for the 46 OECD and G20 countries across 2020 and 2021 were 
collected from the National Oceanic and Atmospheric Administration’s National Centers for 
Environmental Information. The Global Historical Climatology Network daily (GHCNd) provides daily 
climate summaries from land surface stations across the globe. Temperature data for each station 
were averaged at the country level. 

Policy interventions. For each country, we consider the date when COVID certificates for day-to-day 
use were announced, see Table 1. 

Table 1: COVID certificates: announcement date and regulations for France, Germany, and Italy 

Country Announcement  Places where COVID certificates are required 
France 12 July 2021p Places of entertainment and leisure (e.g., cinemas, festivals, museums, sports, 

conferences, game rooms, amusement parks, cruise ships), places of social gathering 
(e.g., bars, cafés, restaurants, clubs), interregional public transport (e.g., domestic flights, 
trains, and coaches), and department stores and shopping centres with a surface greater 
than 20,000 square metres.q 

Germany 10 August 2021r Health care places (e.g., hospitals, care homes), hospitality venues, events, indoor 
parties, and sports, and for the use of body- related services (e.g., hairdresser, massages, 
etc.). Mandatory in areas with over 35 COVID cases per 100,000 inhabitants per week.s  

Italy 22 July 2021t Places of entertainment and leisure (e.g., cinemas, festivals, museums, indoor sports, 
conferences, game rooms, amusement parks, cruise ships), places of social gathering 
(e.g., hospitality venues, bars, cafés, restaurants, clubs), interregional public transport 
(e.g., airports, train stations).u 

The extension to workplaces was announced on 15 October 2021 in Italyv and on 23 November 2021 in Germany.w 

OECD and EU countries that announced the use of COVID certificates before 22 September 2021. 
Austria, Chile, Colombia, Croatia, Cyprus, Denmark, Estonia, Finland, France, Germany, Greece, Ireland, 
Israel, Italy, Latvia, Lithuania, Luxembourg, Mexico, Portugal, Romania, Slovakia, Slovenia, Spain, 
Switzerland, the United States. 

                                                 
o https://www.google.com/covid19/mobility/. 
p Macron E. Adresse aux Français - 12 juillet 2021. https://www.elysee.fr/emmanuel-macron/2021/07/12/adresse-aux-
francais-12-juillet-2021. 
q https://www.covidpasscertificate.com/france-covid-pass-reopen-vaccinated-tourists/. 
r Die Bundesregierung. Videoschaltkonferenz der Bundeskanzlerin mit den Regierungschefinnen und Regierungschefs der 
Länder am 10. August 2021. 
https://www.bundesregierung.de/resource/blob/974430/1949532/d3f1da493b643492b6313e8e6ac64966/2021-08-
10-mpk-data.pdf?download=1. 
s https://www.bundesregierung.de/breg-en/news/federal-regional-consultation-coronavirus-1949666. 
t Presidenza del Consiglio dei Ministri. Comunicato stampa del Consiglio dei Ministri n. 30. 22 July 2021. 
https://www.governo.it/it/articolo/comunicato-stampa-del-consiglio-dei-ministri-n-30/17514. 
u https://www.euronews.com/2021/07/23/italy-to-roll-out-covid-health-pass-for-bars-restaurants-and-museums. 
v https://www.reuters.com/world/europe/italys-mandatory-covid-health-pass-work-sees-untroubled-launch-2021-10-15/. 
w https://www.bundesgesundheitsministerium.de/ministerium/gesetze-und-verordnungen/guv-20-lp/ifsg-aend.html. 
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Remaining OECD and EU countries. Australia, Belgium, Bulgaria, Costa Rica, Czech Republic, Hungary, 
Iceland, Japan, Malta, the Netherlands, New Zealand, Norway, Poland, South Korea, Sweden, Turkey, 
the United Kingdom. 

Donor pool countries for synthetic control.x Australia, Belgium, Czech Republic, Hungary, Japan, 
Malta, the Netherlands, New Zealand, Norway, Poland, South Korea, Sweden, Turkey, the United 
Kingdom. 

Table 2: Use of COVID certificates in OECD and EU countries (N/A = not before November 2021) 

Country  Announcement 
date 

Source 

Australia N/A https://www.theguardian.com/australia-news/2021/oct/11/victoria-covid-update-vaccine-passports-trialled-as-pfizer-offered-
to-all-age-groups  

Austria 19/05/2021 https://www.thelocal.com/20210728/europe-how-does-use-of-health-passes-compare-in-europe-2/ 

Belgium 23/09/2021 https://www.rtbf.be/info/societe/detail_pass-sanitaire-au-restaurant-ou-dans-les-salles-de-sport-en-wallonie-des-avis-
partages?id=10847152 

Bulgaria 20/10/2021 https://www.euractiv.com/section/politics/short_news/bulgaria-introduces-green-covid-19-pass/  

Chile 25/05/2021 https://www.efe.com/efe/espana/sociedad/chile-anuncia-un-pase-de-movilidad-que-otorga-mas-libertades-a-
vacunados/10004-4543838  

Colombia 25/07/2021 https://labsnews.com/en/notes/colombia-is-working-on-an-electronic-covid-19-vaccination-pass/  

Costa Rica 13/10/2021 https://qcostarica.com/as-of-december-1-a-vaccination-certificate-will-be-mandatory-in-costa-rica/  

Croatia 01/07/2021 https://www.garda.com/crisis24/news-alerts/496766/croatia-amendments-to-covid-19-countermeasures-will-be-
implemented-from-july-1-update-28  

Cyprus 09/07/2021 https://www.dw.com/en/cyprus-vaccine-drive-safepass-mandatory-no-more-free-covid-tests/a-58249253  

Czech Republic 21/10/2021 https://www.expats.cz/czech-news/article/coronavirus-update-oct-21-2021  

Denmark 14/04/2021 https://www.healthcareitnews.com/news/emea/denmark-launches-covid-19-passport-coronapas 

Estonia 26/08/2021 https://www.ecb.ee/news/new-coronavirus-restrictions-from-august-26/  

Finland 06/08/2021 https://www.helsinkitimes.fi/finland/finland-news/domestic/19724-finnish-government-shows-green-light-to-coronavirus-
pass.html  

France 12/07/2021 https://www.elysee.fr/emmanuel-macron/2021/07/12/adresse-aux-francais-12-juillet-2021  

Germany 10/08/2021 https://www.bundesregierung.de/breg-en/news/federal-regional-consultation-coronavirus-1949666 

Greece 16/07/2021 https://www.reuters.com/world/europe/no-vaccines-no-dinner-indoor-greek-restaurants-accept-only-inoculated-customers-
2021-07-16/  

Hungary N/A https://www.euronews.com/travel/2021/10/12/green-pass-which-countries-in-europe-do-you-need-one-for  

Iceland N/A https://www.euronews.com/travel/2021/10/12/green-pass-which-countries-in-europe-do-you-need-one-for  

Ireland 29/06/2021 https://www.bbc.com/news/world-europe-57649546  

Israel 07/03/2021 https://www.france24.com/en/middle-east/20210307-israel-opens-restaurants-and-bars-to-customers-vaccinated-against-
covid-19  

Italy 22/07/2021 https://www.governo.it/it/articolo/comunicato-stampa-del-consiglio-dei-ministri-n-30/17514  

Japan N/A https://www.japantimes.co.jp/news/2021/12/14/national/japan-start-using-digital-vaccination-certificates-dec-20-via-
smartphone-app/ 

Latvia 10/06/2021 https://www.laprensalatina.com/latvia-to-reopen-indoor-restaurants-to-vaccinated-people/ 

Lithuania 13/09/2021 https://www.roedl.com/insights/covid-19/lithuania-corona-covid-pass-vaccinated-national-certificate 

Luxembourg 02/06/2021 https://www.wort.lu/fr/luxembourg/la-liberte-passera-par-le-covid-check-60b79a27de135b92362283bb  

Malta N/A https://www.euronews.com/travel/2021/10/12/green-pass-which-countries-in-europe-do-you-need-one-for  

Mexico 13/08/2021 https://www.covidpasscertificate.com/mexico-covid-passports/  

Netherlands 16/11/2021 https://www.usnews.com/news/health-news/articles/2021-11-16/positive-virus-tests-reach-weekly-high-in-the-netherlands  

New Zealand N/A https://www.reuters.com/world/asia-pacific/new-zealand-use-vaccine-certificates-delta-persists-2021-10-05/  

Norway N/A https://www.euronews.com/travel/2021/10/12/green-pass-which-countries-in-europe-do-you-need-one-for  

Poland N/A https://www.euronews.com/travel/2021/10/12/green-pass-which-countries-in-europe-do-you-need-one-for  

Portugal 08/07/2021 https://www.lci.fr/sante/covid-19-le-portugal-elargit-l-usage-du-pass-sanitaire-aux-hotels-et-restaurants-2191149.html  

Romania 17/09/2021 https://www.romania-insider.com/romania-green-pass-regulations-economy  

Slovakia 17/07/2021 https://www.slovensko.sk/en/news/_digital-covid-pass  

Slovenia 12/09/2021 https://www.total-slovenia-news.com/politics/8872-slovenia-tightens-covid-pass-restrictions  

South Korea 01/12/2021 https://en.yna.co.kr/view/AEN20211213005851315  

Spain Variousy https://www.thelocal.se/20211209/swedens-new-vaccine-pass-plan-for-restaurants-and-long-distance-trains/  

Sweden 09/12/2021 https://www.thelocal.se/20211209/swedens-new-vaccine-pass-plan-for-restaurants-and-long-distance-trains/  

Switzerland 25/08/2021 https://www.thelocal.ch/20210825/breaking-switzerland-proposes-covid-certificates-indoors-in-bars-restaurants-and-gyms/  

Turkey 06/09/2021 https://www.gov.uk/foreign-travel-advice/turkey/coronavirus  

                                                 
x Costa Rica, and Iceland have been removed from the donor pool used for the synthetic control method due to lack of data 
for covariates. Bulgaria has been removed from the donor pool due to lack of vaccination coverage data over most of the 
analysed period. 
y By 22 September 2021, COVID certificates were in place in several parts of the country. 
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UK 08/12/2021 https://www.gov.uk/government/news/prime-minister-confirms-move-to-plan-b-in-england  

USA Variousy https://www.covidpasscertificate.com/us-covid-passports/  

 
B. Estimation of vaccine uptake 

The impact of COVID certificates on vaccination uptake is estimated using innovation diffusion theory 
and validated by the synthetic control method. 
 
Innovation diffusion theory6,24,25 attempts to formalise the way in which an innovation is gradually 
taken up by a population, where early adopters are then joined by followers. The model relies on 
growth models with capacity limits, ie logistic curves. In our context, vaccines are the innovation that 
every (eligible) person may choose to adopt. 

Denote by t0 the date when the vaccine is introduced and by x(t) ∈ [0,1] the cumulative fraction of the 
population who has received at least one dose at date t. Thus, by assumption, x(t) ∈ [0,1] for all t, the 
function x(t) is nondecreasing, and x(t)=0 for all t ≤ t0. The innovation diffusion model depends on 
three additional parameters: p > 0 is the ‘coefficient of innovation’, ie the instantaneous rate at which a 
non-vaccinated person opts to get vaccinated, independent of how many people are already 
vaccinated; q > 0 is the ‘coefficient of imitation', ie the rate at which a non-vaccinated person is 
influenced by the fraction of vaccinated people; and 0< K ≤ 1 is the capacity, ie the fraction of the 
population that is eventually eligible and willing to get vaccinated. 

Mathematically, the innovation diffusion model is described by the ordinary differential equation 

݂′ሺݐሻ ൌ ሺ1 െ
݂ሺݐሻ
ܭ

ሻሺ݌ ൅ ,ሻሻݐሺݔݍ ݐ ൒ ሻݐ݂′ሺ	ܽ݊݀	଴ݐ ൌ  .݁ݎ݄݁ݓ݁ݏ݈݁	0

The unique solution to the latter differential equation is given by: 

݂ሺݐሻ ൌ ܭ ଵି௘షሺ೛శ೜ሻሺ೟ష೟బሻ

ଵା೜
೛
௘షሺ೛శ೜ሻሺ೟ష೟బሻ

ݐ , ൒ ሻݐ݂ሺ	ܽ݊݀	଴ݐ ൌ  .݁ݎ݄݁ݓ݁ݏ݈݁	0

Logistic functions model the diffusion of an innovation in the absence of major shocks, including 
supply shortages or policy interventions. While this is the case over the time period considered (ie 
date of announcement of COVID certificate to 31 December 2021), an extension to 2022 may be less 
appropriate due to the exogenous shock caused by the Omicron variant becoming dominant in France, 
Germany, and Italy. 

Parameters ݐ଴,݌,  are estimated using the least-square method to fit the data on vaccine ܭ  and ,ݍ
uptake. The fit is computed three months before the announcement of a country’s COVID certificate 
and then extended to the end of the year; the start date is chosen because by then the majority of the 
adult population was eligible for vaccination. We use the function ‘curve_fit’ from Python’s package 
‘scipy.optimize’ over vaccine uptake and synthetic counterfactuals. We use block bootstrap to account 
for time dependence in the data with 1,000 iterations and 30 non-overlapping blocks.44 The 95% 
confidence intervals are shown and reported throughout.  
 
Counterfactual vaccine uptakes. For each country, denote by ௧ܸሺݒሻ for ݒ ∈ ሼ0,1,2ሽ the proportion of 
the population having received ݒ doses at time ݐ. For the first dose, the counterfactual is denoted by 
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immunity, as the protection against severe outcomes is higher than 95% up to 14 weeks after 
inoculation and above 90% thereafter34. For AstraZeneca’s vaccine, comparable estimates are 90% after 
one dose and 85% after two doses34. Here, waning immunity explains the lower effectiveness of two 
AstraZeneca doses versus one. Finally, for Janssen Pharmaceutica NV, the effectiveness after the 
single dose is estimated at 85%35. 

The overall vaccine effectiveness against hospital admissions, ICU admissions, and deaths 
is approximately the same and is also similar across France, Germany, and Italy, namely 81% 
protection after one dose and 92% after two doses. We do not include the additional protection 
provided by boosters, as the calculations we perform are only concerned with individuals who were not 
fully vaccinated before the COVID certificate; therefore, they were not eligible for a booster shot over 
the period of study. 
 
Realised health outcomes by vaccine status. Let ܺ௧  denote the realised health outcome (ie hospital 
admissions and patients, ICU admissions and patients, and deaths, for a given country) at time ݐ, and 
let ܺ௧ሺݒሻ denote the same outcome by vaccine status ݒ ∈ ሼ0,1,2ሽ. When the data by vaccine status 
are not available, we can derive them from Bayes’ rule and the level of protection against the health 
outcome by vaccine status, ߚሺݒሻ. The ܺ௧ሺݒሻ’s satisfy the following linear system: 

௑೟ሺ௩ሻ

௏೟ష೏ሺ௩ሻ
ൌ ሻݒሺߚ ⋅ ௑೟ሺ଴ሻ

௏೟ష೏ሺ଴ሻ
ݒ	ݎ݋݂, ∈ ሼ0,1,2ሽ,ܽ݊݀		ܺ௧ሺ0ሻ ൅ ܺ௧ሺ1ሻ ൅ ܺ௧ሺ2ሻ ൌ ܺ௧	. 

This system admits a unique solution, given by 

ܺ௧ሺݒሻ ൌ ܺ௧ ⋅
ሻݒሺߚ ௧ܸିௗሺݒሻ

௧ܸିௗሺ0ሻ	

∑ ሻ′ݒሺߚ ௧ܸିௗሺݒ′ሻ
௧ܸିௗሺ0ሻ 	

ଶ
௩ᇱୀ଴

ݒ	݈݈ܽ	ݎ݋݂, ∈ ሼ0,1,2ሽ. 

Note that vaccine uptake has been lagged by ݀ days to account for the lag between infection and the 
health outcome, ݈௛௢௦௣, ݈ூ஼௎ , and ݈ௗ௘௔௧௛, the lag between vaccination and full effectiveness, ݈௩௔௖௖௜௡௘ , 

and the duration of the health hazard,	݈௦௧௔௬	௛௢௦௣ and ݈௦௧௔௬	ூ஼௎ , which are only relevant for hospital 

admissions and ICU patients. For example, for a patient who is in an ICU at time ݐ, on average, their 
admission occurred at time ݐ െ ݈௦௧௔௬	ூ஼௎ , their infection at time ݐ െ ݈௦௧௔௬	ூ஼௎ െ ݈ூ஼௎ , and at that time 

௧ܰି௟ೞ೟ೌ೤	಺಴ೆି௟಺಴ೆି௟ೡೌ೎೎೔೙೐ሺ2ሻ, people were fully protected by vaccination. 

Counterfactual health outcomes by vaccine status. Similarly, let ෠ܺ௧ሺݒሻ denote the counterfactual 
health outcome (number of hospital admissions, ICU patients, or deaths, for a given country) at time ݐ, 
with vaccine status ݒ ∈ ሼ0,1,2ሽ. Then, 

෠ܺ௧ሺݒሻ ൌ ܺ௧ሺݒሻ ⋅
௏෡೟ష೏ሺ௩ሻ

௏೟ష೏ሺ௩ሻ
  ,ݒ	݈݈ܽ	ݎ݋݂	

where ݀ is the lag that was introduced in the previous paragraph. The estimated counterfactual 
number of a given health outcome at time ݐ for a given country is given by: 

෠ܺ௧ ൌ ෠ܺ௧ሺ0ሻ ൅ ෠ܺ௧ሺ1ሻ ൅ ෠ܺ௧ሺ2ሻ. 
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Finally, the overall realised and counterfactual of a given health outcome, from the announcement of 
COVID certificates in the country until the end of 2021, are estimated respectively by 

ܺ௧௢௧௔௟ ൌ ∑ ܺ௧భ்
௧ୀ బ்

		and ෠ܺ௧௢௧௔௟ ൌ ∑ ෠ܺ௧భ்
௧ୀ బ்

. 

The difference ෠ܺ௧௢௧௔௟ െ ܺ௧௢௧௔௟  = ∑ ሺ ෠ܺ௧ െ	ܺ௧ሻ	భ்
௧ୀ బ்

is attributed to the adoption of COVID certificates. 

Age-stratified health outcomes. When the data are available, we analogously compute age-stratified 
(ie 60 years old and above, and the rest of the population) health outcomes, as well as the 
corresponding counterfactuals. The total numbers are obtained by summing over all age groups. 

The lag parameters47. We assume the lag between vaccination and full effectiveness is ݈௩௔௖௖௜௡௘ ൌ 7 
days, the lag between infection and hospital admission is  ݈௛௢௦௣ ൌ 7 days, the lag between infection 

and ICU admission is  ݈ூ஼௎ ൌ 10 days, the total number of days in ICU is 8, so that an ICU patient has 
been admitted ݈௦௧௔௬	ூ஼௎ ൌ 4 earlier, and the average lag between infection and death is  ݈ௗ௘௔௧௛ ൌ 14 

days. Thus, for hospital admissions, the total lag is ݈௩௔௖௖௜௡௘ ൅ ݈௛௢௦௣ ൌ 14; for ICU patients, the total 

lag is ݈௩௔௖௖௜௡௘ ൅ ݈௦௧௔௬	ூ஼௎ ൅ ݈ூ஼௎ 	ൌ 21; and for deaths, the total lag is ݈௩௔௖௖௜௡௘ ൅ ݈ௗ௘௔௧௛ ൌ 21. 

D. Impact on the economy 

We estimate the average impact of a marginal increase in vaccination rates on economic activity using 
two-way fixed-effect regressions. The measure of economic activity used in this paper is the OECD 
Weekly Tracker, a proxy of weekly GDP relative to the pre-crisis trend, which is available for 46 
countries with no publication delay (Methods A). It is regressed on vaccination rates along with 
controls as well as country and week fixed effects. To estimate the average total effect of vaccination 
on GDP, we use the following closed-form model: 

௜ܶ,௪ 	ൌ 	ߚ ௜ܸ,௪	ି	௟ ൅ ௟	ି	௜,௪ܫߛ ൅ ௙௜,௪ܺߟ ൅ 	௜,௪ܼߡ ൅ 	௜ߙ ൅ 	௪ߜ	 ൅ ௜,௪ߪ . 
 

Weekly GDP is proxied by the Tracker ௜ܶ,௪and is regressed on the share of vaccinated people lagged by 
݈ weeks (݈ = 4), ௜ܸ,௪	ି	௟ , as well as three vectors of controls, week, and country dummies. The first 
controls vector ܫ௜,௪	ି	௟  includes lagged cases, deaths, reproduction rate, and mobility index, which 
may have impacted both past vaccine uptake decisions and present weekly GDP.48 The model also 
averts confounding effects that could emerge from trade and other spillovers due to the relative 
synchronicity of vaccination campaigns across countries by controlling for vaccination and deaths in 
the main trading partners (ܺ௙௜,௪). The vector ܺ௙௜,௪  is the weighted average of vaccination rates and 
deaths in country ݅’s main 10 trading partners, ie 

ܸ௙௜,௪ ൌ 	∑ 		௜,௝ߛ ௝ܸ,௪
ଵ଴
௝	ୀ	ଵ , 

where ௝ܸ,௪  is the vaccination rate in trading partner ݆ and ߛ௜,௝	is the share of exports from country ݅ to 

trade partner ݆ in total exports from country ݅. The same formula is used to build the vector of weighted 
average death rates in trading partners. Last, the model includes the vector of average weekly 
temperatures ܼ௜,௪	, which can influence virus transmission38. 
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The model is estimated using data from 46 OECD and G20 countries (see Table 4). Denote by * 
݌ ൏ ݌ ** ,0.1 ൏ 0.05, and *** ݌ ൏ 0.01. The average effect of a 1 p.p. increase in the share of 
vaccinated people after a month is 0.052*** p.p. in weekly GDP. This order of magnitude seems 
plausible and implies, if the impact was permanent, that 100% vaccination uptake would increase GDP 
by 5.2 p.p., which broadly corresponds to 85% of the average GDP loss suffered in 2020 by the 
countries in the sample. This is consistent with the notion that a complete vaccination would not be 
sufficient to a return to pre-crisis trends due to partial vaccine effectiveness and the waning-out of 
vaccine-provided immunity. Adding controls for deaths and vaccination in trade partners decreases 
the main estimate from 0.054*** to 0.052*** by partialling out the confounding effect of trade 
spillovers. Finally, the third column models the direct effect by controlling for current cases, deaths, 
and reproduction rates. This indicates that 83% of the total economic effect of vaccination is through 
the direct effect on individual behaviour, while the remaining 17% is related to the effect through the 
impact on virus circulation. Note, however, that we do not estimate the indirect effects independently, 
as we do not estimate a policy response function. 
 
Table 4: Regression results for vaccination-GDP elasticity 
  Baseline Controls (trade partners) Direct effect 
Vaccinated people (per 
100) 

0.054*** 
(0.044, 0.064) 

0.052*** 
(0.042, 0.061) 

0.043*** 
(0.033, 0.052) 

Cases (lag) 0.001** 0.001*** 0.002*** 
Deaths (lag) -0.068*** -0.041*** -0.049*** 
Reproduction rate (lag) -1.606*** -1.305*** -0.883*** 
Mobility Index (lag) 0.057*** 0.048*** 0.054*** 
Stringency Index (lag) 0.014*** 0.013*** 0.007* 
Temperature 0.052*** 0.008 -0.014 
Vaccination of trade 
partners 

  -0.093*** -0.090*** 

Deaths in trade partners   -0.461*** -0.453*** 
Cases in partners   0.001 0.003*** 
GDP of partners   0.861*** 0.732*** 
Cases     -0.002*** 
Deaths     -0.086*** 
Reproduction rate     -1.667*** 
Country dummies Yes Yes Yes 
Week dummies Yes Yes Yes 
Observations 4204 4204 4204 
R2 0.774 0.794 0.807 
Adjusted R2 0.766 0.787 0.800 
Residual Std. Error 2.497 (df=4059) 

 
2.384 (df=4055) 2.309 (df=4052) 

F Statistic 96.581*** (df=144; 4059) 105.695*** (df=148; 4055) 
 

112.311*** (df=151; 4052) 

݌	* ൏ ݌ ** , 0.1 ൏ 0.05, and ***݌ ൏ 0.01 
 

The model is used to derive estimates of the counterfactual weekly GDPs without COVID certificates by 
subtracting the model-based estimation of the impact of COVID certificates on weekly GDP, say ߜ௜,௪, 
from the observed weekly GDP series: 
 

పܶ,௪෢ 	ൌ ௜ܶ,௪	 െ  	௜,௪ߜ

with ߜ௜,௪ ൌ 	βሺ ௜ܸ,௪	ି	௟ െ 	 ෠ܸ௜,௪ି௟	ሻ, 
 
where ෠ܶ௜,௪		is the counterfactual tracker and ෠ܸ௜,௪ି௟	 is the counterfactual vaccine uptake. Confidence 
intervals for counterfactual weekly GDP are derived from the fact that the estimate of the causal impact 
of COVID certificate on weekly GDP is the product of two random variables:  
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