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Management Summary

pandemic and highlight the importance
of reducing such damage in the event of
a new pandemic outbreak in the future.
Furthermore, the full extent of the human
loss is only now becoming visible: A
study concludes that for Switzerland,
COVID-19 is the second largest disaster
in terms of mortality after the 1918
influenza pandemic.! Furthermore, the
official hospital statistics for the first
two years of the pandemic, available
for the first time since COVID-19, show
that a total of 72,605 people had to be
hospitalised due to COVID-19 during
this period? - almost twice as many as
originally reported by the Federal Office
of Public Health (FOPH).?

Switzerland has effectiveclinical systems
for the early detection and surveillance
of communicable diseases and, in the
course of the pandemic, has established
the monitoring of wastewater as well as
a programme for sequencing individual
cases for genomic surveillance of SARS-
CoV-2. The sequencing data could be
coordinated, analysed and shared with
health authorities such as the FOPH
via a common central database - the
Swiss Pathogen Surveillance Platform.
This allowed (i) the early detection
of emerging new variants of concern
(VOCs) and an assessment of whether
the infection rate is increased and the
vaccination protection of the population
is at risk. Furthermore, (ii) the number
of cases and the dynamics of the
pandemic development with regard

to the infection rate and the expected
case load of the following weeks could
be predicted with epidemiological-
mathematical models. These important
components of early detection and
surveillance of infectious diseases,
hereinafter referred to as the “early
warning system”, are an excellent basis
for reducing and, at best, completely
avoiding high human and economic loss
that could occur on an even larger scale
due to a future pandemic. Furthermore,
a better data basis also enables more
efficient planning for hospitals and
laboratories, e.g. to better anticipate
and avoid logistical bottlenecks. In
order for an early warning system for
future pandemics to function and detect
dangerous pathogens at an early stage,
it must both be in regular operation, i.e.
become institutionalised, and be able to
detect and continuously monitor other,
potentially pandemic pathogens.

This study considers the
institutionalisation of a strengthened
pandemic early warning system. This
includes:

1. Continuous monitoring of five
pathogens with the greatest
pandemic potential in 50 wastewater
treatment plants (WWTPs)
throughout Switzerland and short-
term scaling to 100 WWTPs in the
event of a pandemic.

2. Continuous sequencing of five
pathogens from different sources

(hospitals, doctors’ practices,
wastewater)

. Data processing, management,

analysis & interpretation for
ordinance on measures

The benefit-cost analysis shows that
the investment in an institutionalised
early warning system for pandemics in
Switzerland is extremely worthwhile.

. Under conservative assumptions, the benefits in the event of a pandemic
range from one to around 31 billion francs.

. This means that the benefits are four to a maximum of 129 times higher

than the associated costs.

. In-'a COVID-19-like pandemic, each franc invested yields a benefit of
around four francs, in extreme pandemic scenarios even up to 129

francs.

. Since the study only visualises a small part of the benefits
mathematically, it can be assumed that the actual benefits are many

times higher.

SWITZERLAND HAS AN EXCELLENT
BASIS FOR INSTITUTIONALISING

AN EARLY WARNING SYSTEM FOR
PANDEMICS. THE BENEFIT-COST
ANALYSIS OF THIS STUDY SHOWS THAT

THIS IS WORTHWHILE.
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Introduction

Worldwide, the COVID-19 pandemic
has claimed over 6.6 million lives.* In
Switzerland alone, almost 14,000 people
have died to date.® Added to this are the
economic losses, which have caused
great hardship for states, companies and
private individuals. The pandemic has led
to a debt of 30 billion francs at the federal
level®, the debt of the municipalities and
cantons has also increased’. Even though
Switzerland suffered lower GDP losses
by international standards when the
pandemic broke out in 2020, the GDP fell
by a full 2.5%, the biggest slump since
the oil price crisis of 1975.8 The pandemic
also increased the global poverty rate®

and inequality — including in Switzerland —

since low-income households in particular
suffered greatly from the Corona crisis'™® .

The numerous negative effects of
COVID-19 underline the importance
of preventing or at least cushioning

pandemics'' as far as possible — on the
one hand because of the threat of health-
related losses, and on the other because
of the economic and - associated with it
— the social damage. Further pandemics
are very likely due to various factors. For
example, 56% of the world’s population
already lives in cities, and by 2050 it will
be two-thirds.’ Population density and
the associated mobility are strong risk
factors that favour the rapid transmission
of infectious pathogens. Historically, three
to four pandemics occur each century,
which cause more than one million deaths
—in 1889, 1918, 1957, 1968 and 2019
— or in other words: In the last 100 years,
four influenza pandemics have occurred at
intervals of 15 to 30 years.™ Considering
that HIV/AIDS, cholera and tuberculosis
are also defined as pandemics that are
currently taking place, the probability of
new pandemics, especially pandemics with
a similar scale of damage as the COVID-19
pandemic, is likely to be much greater
than previously assumed.’ Researchers
at Duke University’s Global Health Institute
conclude that the annual probability of
the occurrence of a COVID-like pandemic
is about 2% and could double in the
coming decades.’™ Researchers at the
start-up Metabiota, which specialises in
collecting global data to forecast disease

outbreaks, estimate that the probability
of a COVID-like pandemic occurring
is currently about 2.5-3.3% over the
course of one year, or about 50% in the
next 25 years.” An analysis of historical
data on the frequency and geographical
distribution of epidemics further suggests
that the next pandemic could have even
more devastating consequences than
COVID-19: The frequency and severity of
infectious diseases transmitted directly
from wildlife hosts to humans are steadily
increasing.'®

Early detection and surveillance of
pathogens can reduce high health and
economic damage by providing important
epidemiological information earlier
and in greater detail, and by enabling
earlier and more targeted decisions at
government level to contain a pandemic.
Researchers at Imperial College London
have calculated that the number of deaths
prevented by investing in pandemic
preparedness averages between about
50 and 125 per 100,000 people. Each US
dollar invested would therefore result in
a gain of about 2,800 US dollars (health
plus economic benefit).’® Furthermore, a
study by the consulting firm McKinsey &
Company shows that globally, about five
US dollars per person would be sufficient
to significantly reduce the probability of
the next pandemic.?° Overall, however,
few economic studies exist on pandemic

preparedness.

Lessons learnt from the pandemic have

shifted out of focus worldwide — including
in Switzerland — in the wake of the Ukraine
war and its global impact and since
the “special situation” in the COVID-19
ordinance was lifted. However, thanks
to its progress in reacting to COVID-19,
Switzerland is ideally placed to anticipate
and avoid the damaging pattern of panic
and neglect in pandemics?'. It has already
established elements of an early warning
system for the surveillance of SARS-CoV-2
and partially institutionalised it for other

pathogens:

+ Reporting systems: Switzerland
has established and reliable
reporting systems for clinical and
laboratory findings of infectious
diseases (cf. Chapter 3.1).22

+ SARS-CoV-2 wastewater
monitoring: During the
pandemic, the FOPH, together
with partner organisations, set
up an wastewater monitoring
system to monitor SARS-CoV-2;
its longer-term continuation,

however, remains unclear.

+ Genomic surveillance
programme for SARS-CoV-2:
Genetic surveillance of SARS-
CoV-2 is an essential part
of controlling the COVID-19
pandemic.?®* Sequencing of
the viral genome allows the
information of a pathogen’s
genetic make-up to be decoded
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at the highest resolution, allowing
problematic variants (so-called
variants of concern, VOCs) to be
identified easily and quickly. The
longer-term continuation remains
unclear.

+ Digital platforms: With the
COVID-19 dashboard and the
Swiss Pathogen Surveillance

Platform, Switzerland has digital
tools for data processing, data
management, data analysis and
interpretation, and visualisation
of pathogens. Furthermore, the
FOPH is working to establish

a national infectious disease
information portal (EPI) that will
go beyond data on SARS-CoV-2.
The longer-term continuation of
the SPSP is unclear.

It makes sense to expand and
institutionalise these important elements
of an early warning system, which are

currently mainly limited to the SARS-CoV-2
pathogen. This will enable Switzerland
to contain both waves of COVID-19
infections and other emerging epidemics
and pandemics at an early stage in the
future. In the context of digital platforms,
this requires not only a coordinated and
rapid exchange of data within Switzerland,
but also the linking with international and
European databases.

At the same time, it is important to
emphasise that an early detection
system for pandemics is only one of
several important instruments that
ensure that Switzerland is better prepared
for the next pandemic. The think tank Pour
Demain is committed to further effective
measures in the impact chain Prevent,
Detect, Respond.?*
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Data Collection

For the study, the authors interviewed
experts from the authorities, academia
and the health sector orally and/or in
writing. The following persons — listed in
alphabetical order — were interviewed:

DR. PD CHRISTIAN ALTHAUS

Institute of Social and Preventive Medicine,
University of Bern, epidemiologist and head
of the research group INPUT - Interfaculty
Platform for Data and Computational Science

DR. NICOLAS BANHOLZER

Institute of Social and Preventive Medicine,
University of Bern, PostDoctoral Research
Fellow

VALERIE BARBIE
Swiss Institute of Bioinformatics, Clinical
Bioinformatics, Director

STEFAN BREM

Risk Analysis and Research Coordination,
Federal Office for Civil Protection FOCP,
Chief

DR. HELMUT BURGMANN

Department Surface Waters - Research &
Management, Microbial Ecology Research
Group, Swiss Federal Institute of Aquatic
Science and Technology, Head of Department

DR. PATRICK DOOHAN
Faculty of Medicine, School of Public Health,
Imperial College, Research associate

PROF. DR. ADRIAN EGLI

Institute of Medical Microbiology, University
of Zurich, Director and Project Manager &
Co-Founder of SPSP

REY EYER
Wastewater Treatment Facility Zurich-
Werdholzli, Wastewater Treatment Attendant

ALAIN FELLMANN
Reporting Systems, Federal Office of Public
Health FOPH, Head of Reporting Systems

DR. MICHAEL GASSER
ANRESIS/Institute for Infectious Diseases,
University of Bern, Epidemiologist

SIMON GOTTWALT
Human Division StAR, Federal Office of
Public Health, Head

DR. EMMA HODCROFT

Institute for Social and Preventive Medicine,
University of Bern, Postdoctoral Research
Fellow/Epidemiologist

DR. PETER INDRA
Office of Public Health, Department of Public
Health, Canton of Zurich, Director

ROB JOHNSON
Faculty of Medicine, School of Public Health,
Imperial College, Research Associate

PROF. DR. TIMOTHY JULIAN
Department of Environmental Microbiology,
Swiss Federal Institute of Aquatic Science
and Technology, Head of Department

MIRJAM MAUSEZAHL-FEUZ
Epidemiology Section, Federal Office of
Public Health FOPH, Head

DR. CHRISTOPH ORT

Department of Urban Water Management,
Swiss Federal Institute of Aquatic Science
and Technology, Head of Department

DR. THOMAS PLATTNER
Canton of Fribourg, Cantonal Officer of
Health

DR. TIM ROLOFF

Institute of Medical Microbiology, University
of Zurich, Bioinformatician, Head of
Sequencing Facility

PROF. DR. RALPH SCHLAPBACH
Functional Genomics Center Zurich, ETH
Zurich, Director

PROF. DR. TANJA STADLER
Department of Biosystems Science and
Engineering, ETH Zurich, Professor

PROF. DR. MARCEL TANNER
Director emeritus Swiss TPH, President
Swiss Academies of Sciences

RAFFAEL THEILER
Ecole polytechnique fédérale de Lausanne,
PhD Student

BARBARA WEIL

Federal Commission for Pandemic
Preparedness and Response (EKP),
Prevention Expert(EKP), Praventions-
Fachexpertin

The responsibility for the development
of the cost and benefit models and all
statements in this study lies with Pour
Demain as well as Eraneos and INFRAS.
The above persons provided input in
the context of expert discussions but
were not involved in the analysis and/

or writing of the study.

Furthermore, scientific studies and

articles were consulted which in
to elaborate the

bibliography in

particular served

benefit model (cf.

Chapter 9).
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Institutionalised
Early Warning
System for
Pandemics

3.1. Definition of Institutionalised
Early Warning System

Switzerland has effective systems for
the early detection and surveillance of
communicable diseases via the reporting
system for infectious diseases, the
Sentinella reporting system, the hospital-
based sentinel surveillance system CH-
SUR, laboratory reporting systems and
the national survey system for recording
rare paediatric clinical pictures (Swiss
Paediatric Surveillance Unit; cf. Chapter
1).

The clinical and

laboratory reporting

systems, together with the wastewater

monitoring established in the course of
the COVID-19 pandemic, form a suitable
basis for a further developed early warning
system for monitoring potentially pandemic
pathogens. By early warning system, the
study understands the mandate for early
detection and monitoring according to
the Epidemics Act (esp. Art. 2 EpG, Art.

4 para. 1 EpG, Art. 11 EpG and Art. 3
Epidemics Ordinance EpV).

An institutionalised early
system should be understood as the

warning

institutionalisation of the following key
components of the current SARS-CoV-2
surveillance programme to four additional
pathogens:

+ Wastewater monitoring:
Systematic monitoring of pathogen
load and variants in wastewater
through pathogen or variant
detection in wastewater.

+ Genomic sequencing? of
positive wastewater and
patient samples from hospitals/
doctors’ practices (individual
cases) via laboratory and
reporting systems (reporting
system for infectious
diseases, Sentinella, CH-
SUR): Genetic surveillance of
pathogens to observe mutations
with epidemiological or clinical
implications (increased risk of
infection, increased pathogenicity)
as well as determining of
transmission chains.

- Data processing, management,
analysis and interpretation for
the ordinance on measures:
Central platform for the data from
the sequencing laboratories and
additional federal offices for rapid
and accurate interpretation of
the data for specific Ordinance of
Measures and communication on
epidemiological events.

On the one hand, institutionalisation
is understood as the expansion of the
following components to four further,
potentially pandemic pathogens. Thus,
in the future, wastewater monitoring and
sequencing should also be important,
mutually complementary instruments for
combating other or future epidemics/
pandemics. On the other hand, the two
components of monitoring should not
only be in operation in existing epidemic/
pandemic contexts, i.e. in special and
extraordinary situations, but also in normal
situations®¢. In this way, a pathogen
circulating in the population can continue
to be monitored even after the transition
to the normal situation, and the risk of a
further wave can thus be minimised. At the
same time, it is possible to react promptly
to new epidemics/pandemics that could

hit Switzerland in the future.

As will be explained in detail in the chapter
on the benefits of an early warning system
(cf. Chapter 6.1),
wastewater monitoring and sequencing

the combination of

not only enables the early detection

of pathogens, but also allows for a
better understanding of the occurrence,
transmission chains, geographical
distribution and evolution of pathogens, as
well as circulating variants, including those
that are of concern (VOC) and therefore
of particular interest. The information
thus obtained allows the government to
make better, evidence-based decisions
on the implementation of earlier and more
targeted measures, which, depending on
the timing of a pandemic, may refer to
non-pharmaceutical interventions such as
requirements for face masks, lockdowns,
entry restrictions, assembly bans, etc.,
or vaccination campaigns, more intensive
group-specific testing, etc. Furthermore,
these two components of the early warning
system allow the prescribed measures to
be tested more thoroughly for their actual

effectiveness.
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EARLY WARNING SYSTEM FOR MONITORING PATHOGENS

Situation Analysis: Current Early Warning
System (developed during COVID-19 pandemic)

Target State-Analysis: Institutionalised
Early Warning System

Clinical and Laboratory Reporting .?' Use & institutionalise
wastewater monitoring for
other pathogens

Systems for Infectious Diseases

* Reporting system for notifiable
infectious diseases

+ Sentinella reporting system

+ Recording of rare paediatric clinical
pictures (Swiss Paediatric
Surveillance Unit)

_*.? Use & institutionalise
genomic sequencing of
other pathogens

O Wastewater monitoring for SARS- Vo
(=

CoV-2 Data processing,

management, analysis and
interpretation for the
ordinance on measures

National Genomic Monitoring
Programme for SARS-CoV-2

lllustration 1: Institutionalised Early Warning System, Focus of the Study

PROCESSES INSTITUTIONALIZED PANDEMIC EARLY WARNING
SYSTEM

Samples from
the WWTPs

Integration of
Data &
Information

Reporting National Information Portal
Positive Cases for Infectious Diseases (EPI)

Analysis, Interpretation,
Communication

Laboratory Analysis, *
Detection of the Pathogen

(Multiplex PCR Assay) 10 %

Genomic Sequencing of
Positive Samples

o .
' ! %( 5 SPSP: Processing of Data
! -»-4--‘ g from the Sequencing

= = [} Laboratories (Wastewater and
Patient Samples = Patient Samples)
(Individual
Cases)

Imposing Early and
Targeted Measures

lllustration 2: Processes Institutionalised Early Warning System

In order for measures to be derived quickly
and easily from the information obtained
in wastewater and through sequencing,
there is also a need for a centralised
data portal that collects, interprets and
visually processes the epidemiological
course of infections through data
from the sequencing laboratories. The
Swiss Pathogen Surveillance Platform

was developed as part of the NRP72
programme of the Swiss National Science
Foundation as a platform for the molecular-
epidemiological surveillance of antibiotic
resistance. The database was rebuilt
during the pandemic and currently collects
all genomic sequencing of individual cases
— at peak times from a total of 17 partner
institutions. It will therefore occupy a
central place in the context of the third
component of the early warning system,
while the national information portal for
infectious diseases (EPI) is not the subject
of the benefit-cost analysis, as the FOPH
has already launched the planning of the
EPlI and the digitalisation of reporting
processes project. Furthermore, the third
component includes federal offices for data
analysis and interpretation for targeted
and rapid Ordinances of Measures as well
as the communication of the same to the
appropriate addressees. The diagrams
below (cf. lllustrations 1 and 2) offer a
schematic representation of the target
system, which is the subject of this study,
and the individual processes.

For the operation of the early warning
system to be as cost-efficient as possible,

it is able to adapt/tailor its level of effort to
normal or special/extraordinary situations,
respectively. Therefore, situations and
situation-specific ~ scenarios for the
extended early warning system are defined

in the following.

3.2. Definition of Normal and
Special/Extraordinary Situation

The study models the course of a future
pandemic according to the experience
with SARS-CoV-2 in order to build on the
most recent pandemic event in the Swiss
context. A pandemic course in the time
horizon of 37 years — the period within
which it is assumed that a pandemic

occurs (cf. Chapter 4.1.) — is therefore
defined as follows:

* Normal situation, pre-
pandemic: A long, pre-pandemic
period with few infections — 31
years and eleven months

+ Special/extraordinary situation:
A high number of infections and
deaths at the outbreak of the
pandemic — two years and one
month?2’

* Normal situation, post-
pandemic: The period
immediately after the pandemic
in which infections are still to be
expected but the numbers are
lower and surveillance can be
reduced again — three years.
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3.2.1.Normal Situation

A normal situation is understood to mean

two situations:

On the one hand, a pre-pandemic
situation according to Art. 2

and Art. 8 para. 2 lit. a. EpG, in
which the outbreak and spread

of communicable diseases must
be prevented and controlled?® by
the Confederation and cantons
taking preparatory measures “for
the detection and surveillance

of communicable diseases”?°.
This situation is comparable

to the regular surveillance of
endemic pathogens and seasonal
pandemics such as influenza,
which circulate in Switzerland for
a limited period of time. It is also
comparable to the years leading
up to the outbreak of a pandemic
in Switzerland, e.g. 2018-2019,
when regular surveillance by the
early warning system allows a
rapid response to a new pathogen
that is quickly spreading across
the globe.

On the other hand, the normal
situation is to be understood as a
post-pandemic situation in which
the special situation declared due
to a pandemic (Art. 6 EpG®9) has
been lifted, although the pathogen
is still circulating in the population
and the WHO is speaking of

a pandemic®' (corresponds,

for example, to the COVID-19
situation from April 2022). In this
situation, it is assumed that the
number of unreported cases is
relatively high, as the population
largely only tests itself at home
using rapid antigen tests, which
are not recorded by the reporting
systems.

3.2.2. Special/Extraordinary Situation

According to Articles 6 and 7, the EpG
distinguishes between a special and
an extraordinary situation®?, which are
combined for the sake of simplicity; the
two situation classifications are sometimes
fluid and difficult to distinguish, and ,
according to experts, Switzerland currently
lacks a definite and efficient process for

situation assessmentss.

3.2.3. Consideration of the Different
Situations in the Benefit-Cost Balance
According to experts, the benefit of an ear-
ly warning system is difficult to calculate
within the time horizon of an entire pan-
demic event. The factors influencing the
estimation of the actual benefit are mani-
fold. During a pandemic, rapidly changing
dynamics are to be expected, in which,
for example, new variants emerge, and
the level of immunity within the population
changes due to infections, vaccinations
and the introduction of various and suc-
cessive non-pharmaceutical measures.

Since it is therefore difficult to precisely
delineate the effective contribution of an

early warning system within an entire pan-
demic event with several waves, the study
is limited to calculating the benefit in a
first wave, i.e. to the lockdown-defined
period in a special/extraordinary situation—
in the case of COVID-19, this corresponds
to the period from 17 March to 26 April
2020%4. In this way, the benefit of an ear-
ly warning system can be most accurately
captured in a clearly defined period with a
clear start and end of the lockdown. Fur-
ther waves during the peak phase of the
pandemic are not considered.

The costs of an early warning system,
on the other hand, are calculated not only
for the first wave, but over a time hori-
zon of 37 years, during which all situations
(pre-pandemic, pandemic, post-pandem-
ic) are passed through (cf. Chapter 4.1).

Even if this massively underestimates the
benefit-cost balance, this calculation
considers the fact that an institutionalised
early warning system for pandemics not
only operates in an extraordinary situation
during a pandemic wave, but is continu-
ously in use.

3.3. Responsibilities

Wastewater monitoring and the sequencing

of wastewater and patient samples
(individual cases) are to be understood
as a system for early detection and
surveillance in accordance with Art. 11
EpG®e. The Confederation and the cantons
share responsibilities for the detection and

monitoring of communicable diseases. To

identify the level of government responsible
for early detection and surveillance, it is
decisive whether outbreaks and epidemics
occur locally, regionally or nationally.®®

In the context of a pandemic, which by
definition affects many countries®’, the
responsibility would therefore appear to
lie with the Confederation. However, an
early warning system in a normal situation
that does not immediately follow the
lifting of a special situation is comparable
in its function to regular epidemiological
monitoring, for which the cantons are

responsible according to Art. 15 EpG,

unless there is “a special situation” that
requires “measures (...) in the international
movement of persons” or it concerns
“epidemics that affect more than one
canton”3,

The Conference of Cantonal Ministers of
Health (GDK) attaches great importance
to the federal surveillance system for
COVID-19. Especially with regard to new
virus variants of concern, national and
international data are important from
the point of view of the cantons, as they
only have their own systems for local
and regional surveillance.®® Especially
in smaller cantons, there is usually not
enough sequencing data available to
determine the growth rate of a new
pathogen variant. Data on a larger scale,
i.e. at the national and international level,
are therefore urgently needed in order to
be able to assess courses of pandemics

as accurately as possible.
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Preliminary
Assumptions Cost
and Benefit Model

The present study is based on a number
of assumptions made in order for a

quantifiable benefit-cost ratio to be
ascertainable. They are explained in the

following.

4.1. Time Horizon by Means of the
Return Period of a Pandemic
Fortunately, pandemics that trigger an
“epidemic emergency” or even a “national
threat” do not occur every year. In order
to determine the annual benefit-cost ratio
of an early warning system, it is therefore
necessary to calculate the average return
period during which one pandemic occurs
on average.

According to the FOPH, a look at recurrent,
novel epidemics or pandemics in the past
century shows that “infectious diseases
still represent a serious health risk”.4°

Based on the explanations in Chapter 1,
the study assumes that the probability
of a pandemic of the magnitude of
COVID-19 occurring in the next 25
years is about 50%.4" Based on the
FOCP hazard file on influenza pandemics*?
and as is usual in hazard/risk analyses,
the study calculates the return period x as
follows:

The costs of an institutionalised early
warning system are therefore considered
for a time horizon of 37 years— the period
in which a pandemic is statistically to
be expected - and compared with the
benefits in the period of the first wave
(cf. Chapter 3.2.3). With 37 years, a more
conservative value is assumed than in

the report of the “Pandemic insurance”
project carried out by representatives of
the insurance industry and the federal
administration (SIF, SECO, Federal Office
of Justice), which reckons with a return

period of 33 years.*® This figure compares
with the 55 years estimated by the FOCP
for influenza pandemics.** However,
many more pathogens with pandemic
potential than just influenza are possible.
The calculation of the return period with
COVID-19 as a reference should also be
classified as conservative, since smaller,
more frequently occurring events are not

taken into account.

4.2. Damage Scenarios

The intensity of a future pandemic is
divided into the
“severe” and “extreme” in accordance
with the FOCP’s risk file for influenza
pandemics*. The

damage scenarios

damage scenarios
serve to anticipate the possible effects
of a pandemic (number of infections,
hospitalisations, etc.) depending on their
intensity. The COVID-19 scenario is
considered the baseline scenario and
reference value. The damage scenario
“considerable”, which would be less
severe than COVID-19 according to the
FOCP numbers, is not taken into account
in this study, as only pathogens with the
highest pandemic potential are screened
with the early warning system analysed

here.

The study follows the FOCP and
characterises the damage of a pandemic on
the basis of the following criteria: number
of infections, hospitalisations, deaths
and hospitalisations in intensive care.
However, the values are not defined with

regard to an entire pandemic, but only to
the first wave.

4.2.1. Damage Values COVID-19
In  Switzerland, the first lockdown,
understood as the “closure of publicly
accessible facilities with the exception of
essential businesses”, took place between
17 March and 26 April 2020.4¢ To quantify
the benefit, the infections avoided by the
early warning system during this period
are considered. Since the consequences
infection occur

of an with a delay,

hospitalisations during the lockdown
and one week after its termination are
considered for stays at intensive care units
up to ten days longer and for deaths up to

two weeks beyond its lift.4’

THE STUDY IS
BASED ON THE
CONSERVATIVE

ASSUMPTION THAT
A PANDEMIC WILL
OCCUR IN THE NEXT
37 YEARS.
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Preliminary Assumptions Cost and Benefit Model

Table 1 summarises the key data for COVID-19 during the first lockdown. These

represent the basic scenario for the study:

Consequences of the First COVID-19 Wave, Spring 20204

Infections (= Hospitalisations ~ Hospitalisations in Deaths Long COVID
tested positive) intensive care unit cases49
Period under 17.3.2020- 17.3.2020- 17.3.2020- 17.3.2020- No time
review 26.4.2020 3.5.2020 6.5.2020 10.5.2020 period,
percentage of
infections
Cases 29’313 3’991 1°099%° 1’689 2’931
Share 0.34% of 13.6% of 27.5% of 5.76% of 10% of
population those tested hospitalised those tested those tested
positive/ positive/ positive/
infected infected infected

Table 1: Consequences of the First COVID-19 Wave, Spring 2020

the COVID-19 values for
hospitalisations (in intensive care), deaths

Based on

and long COVID Covid cases, i.e.long-
term health problems, the corresponding
damage values are estimated for the
pandemic scenarios “severe” and
“extreme”, which are more critical than
COVID-19. The infections are simulated
using the Renewal Equation formula,
whose input values, in turn, are based on

the COVID-19 scenario.

4.2.2. Estimation of Potential Infections
of a Future Pandemic Wave with the
Renewal Equation Formula

The number of new infections or total
infections of a wave are simulated using
the so-called “discrete renewal process”,
a stochastic model that predicts the
distribution of expected values over

continuous time. For this purpose, the

following formula®' is used, which has been
applied several times in scientific studies
to assess the effect of non-pharmaceutical
measures in the pandemic context®2. The
formula calculates the number of infections
c at time t in country m iteratively on the
basis of the past infection figures relative
to the population size N. To do this, it uses
the reproduction number R at time t, i.e.
the average number of people an infected
person infects, as well as the generation
time g, i.e. the time interval between a
infection and

person’s the secondary

infections that originate from that person.
The generation time g is calculated
assuming a gamma distribution with
constant mean and coefficient of variation.
The decisive factor that varies over time
is the reproduction number R. Since the

formulais based on pastinfection numbers,

r-1

Ci,m

1=1
.= (- =%

the model must be recalculated for each
day, starting from time t,. The baseline
reproduction number R corresponds to the
initial value at the beginning of a pandemic
and changes over its course depending on
the immunity levels and behaviour of the
population (effective reproduction number
R.). In this study, R_, which is impacted by
a lockdown, is simulated (cf. also Chapter
6.3.3, Step 1). The effectiveness of this
measure is expressed in terms of the time

until the R value falls below one and the
exponential spread of infections is thus
For COVID-19,
the study assumes an R_ value of 1.75 at

brought under control.

the time the lockdown was introduced in
Switzerland.®3

To simplify matters, the study also
assumes that the R-value falls to 0.9 within
seven or 14 days after the introduction of
measures and remains constant at this
level, although in reality it may well fall even
further. Furthermore, the development of
infections is only considered over a period
of 41 days, assuming that a lockdown for
future pandemic scenarios lasts for as
long as was the case for COVID-19 during
the first wave.

In the COVID 19 pandemic scenario, the
development of the infection figures is
known up to and also after the introduction

)Rt m Z C’c,m gl‘-ﬂ
" 10

In the
pandemic

of the measure. “severe” and

“extreme” scenarios, the
course of the pandemic before and after
the introduction of the measure is not
known and must be simulated. In line with
Flaxman et al.54, the infection figures are
generated for the first six days before time
t,, i.e. before the start of a pandemic wave,
using a Poisson process with exponential
intervals in-between infections with mean

value 1/t (1=0.03).

Table 2 summarises the corresponding
values for COVID-19 during the first wave
in Switzerland, based on which the values
for the “severe” and “extreme” pandemic
are estimated.

In the event of a more severe pandemic, it
can be assumed that the Swiss government
would react more quickly than in spring
2020,
system. For the simulation of the scenarios

even without an early warning

“severe” and “extreme”, the introduction
of measures was therefore defined as

occurring on day eleven, t since at

11’
this point the daily infections are already
above 3,500 and it can be assumed that
the government would act in such a case

even without an early warning system.
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Preliminary Assumptions Cost and Benefit Model

COVID-19 Pandemic, First Wave

4.2.3. Damage Values “Severe” Pandemic

Damage Values First Wave, “Strong” Pandemic

Reproduction number R, on 17/03/2020 1,75

Generation time assuming a gamma distribution g Mean value = 6,5 Tage® Infections first Hospitalisations®® Hospi’FaIisations ip Deaths Long-term healt'h effects
Coefficient of variation = 0 62 wave intensive care unit (comparable with Long

=0, Covid)

Gamma (2,6; 2,5)%7

Time span until Re <1 7 day358 Cases 204’321 40’864 4’086 20’432 20’432

Table 2: COVID-19 Pandemic, Values First Wave Share | 2,3 % of 20% of infected® | 10% of 10% of 10 % of infected

population hospitalised infected

For pandemics that are more damaging than COVID-19, the study further assumes that the
causative pathogen is more contagious, i.e. that the baseline reproduction number RO is
slightly higher than for COVID-19 (2.78%) and the time span between infections is shorter (i.e.
the generation time is shorter than 6.5 days on average). Furthermore, it is assumed that the
spread of the pathogen can be controlled similarly well by introducing a lockdown as with
COVID-19, but that the time span until Re falls from the higher initial value to a value below
one is somewhat longer (14 instead of seven days).

Table 4: Damage Values First Wave, “Strong” Pandemic

From the infection numbers, the following damage values are estimated for the first wave

of a “strong” pandemic:

4.2.4. Damage Values “Extreme” Pandemic

While no additional infections are assumed in the first wave for an “extreme” pandemic
compared to the “severe” one, a pathogen with higher virulence, and correspondingly, a
higher number of hospitalisations and deaths are assumed for an “extreme” pandemic
according to Table 5. The damage values are thus calculated as follows:

Pandemics “Severe” and “Extreme”, First Wave
Damage Values First Wave, “Extreme” Pandemic

Reproduction number R 4

Accordingly, the following values are assumed for the pandemic scenarios that are more severe
than COVID-19:

Infections first Hospitalisations Hospitalisations in Deaths Long-term health effects
Mean value = 4.5 days wave intensive care unit (comparable with Long

Generation time assuming a gamma distribution g

Coefficient of variation = 0,62 Covid)

Gamma (2,6, 1.73) Cases | 204'321 61'296 12'259 40'864 20'432
Time span until R, <1 14 days
Share 2,3 % of 30 % of infected 20 % of 20 % of 10 % of infected
Table 3: Pandemic “Strong” and “Extreme”, First Wave population hospitalised infected®2

Table 5: Damage Values First Wave, “Extreme” Pandemic

Based on the values presented in Table 3, 204,321 people become infected within the
lockdown period of 41 days, i.e. 2.3% of the Swiss population.
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4.3. Expansion of the Early Warning
System & Baseline

The present study examines the benefit-
cost balance of an early warning system
that monitors four additional pathogens.
With SARS-CoV-2,
pathogens would be integrated into the

a total of five
early warning system. |t is assumed that
the existing infrastructure for monitoring
SARS-CoV-2 can be extended to similar
pathogens without additional investment
costs and used over the next few years.

The study is currently limited to four

additional pathogens, as all experts

interviewed internally by Pour Demain
prominently named the following four
pathogens: Influenza viruses, corona
viruses outside SARS-19, smallpox and
measles. However, the exact composition
could be determined in a structured
process outside of this study, and an
expansion to more than five monitored

pathogens would also be conceivable.

The selected pathogens are assumed
to behave similarly to SARS-CoV-2 in
various ways: They are also detectable
in wastewater, have the same detection
limit in wastewater and comparable test
parameters (incubation period, diagnostic
window, correlation of the extent of
pathogens detected in wastewater with
the extent of the burden of disease caused
by the pathogens), and precautions can be
taken that prove to be similarly effective as
the governmental packages of measures

in spring 2020.

4.4. Probability of Detection of a

Pandemic

The study makes the following assumptions

in terms of a narrow definition of benefits:

The early warning system

e regularly monitors a total of five
different, already known pathogens

e can be quickly adapted to new
globally emerging pathogens

e detects the pathogens earlier than
without an early warning system with
a probability of 80%

The probability of detection of
a pandemic by an early warning
system depends on the pathogens
to be monitored and their
probability of being pandemic.
It is therefore crucial to monitor the

pathogens that experts consider
to be the most dangerous. From
a historical perspective, a small

number of human pathogens, which
are similar in many respects, seem
to be responsible for a large number
of pandemics (e.g. corona viruses:
COVID-19, MERS, SARS; influenza:
swine flu, Spanish flu®®).

The study’s narrow understanding
of benefits (cf. Chapter 6.2) does
not capture the benefits that an
institutionalised early warning
system would have if new, as yet
unknown pathogens were detected
in Switzerland for the first time.
Instead, it is assumed that a new
pandemic would not emerge in

Switzerland, but would first be
detected abroad - which also fits
with  historical experience. An
institutionalised early warning
system could be adapted to
detect new pathogens that occur
in a global context. According
to experts, an already existing
wastewater monitoring system
for influenza in Switzerland would
have enabled an immediate and
uncomplicated switch to SARS-

CoV-2.

Various factors, such as unfavourable
weather conditions with heavy
precipitation, which impede the
detection of pathogensinwastewater,
mean that a pathogen cannot be
detected or recognized early in
100% of cases. An predicted 80%
probability of earlier detection
therefore ensures that the benefit
of an early warning system is not
overestimated. If only a single
pathogen is observed in the early
warning system, the probability of
detecting the pathogen in question
is correspondingly lower than if
several pathogens were observed.

4.5. Parameter Situation-Specific
Scenarios

For both wastewater monitoring and
sequencing, the question arises of how
often samples should be taken, analysed
and sequenced, and how many wastewater

treatment plants (WWTPs) are needed for

effective wastewater monitoring. Pour

Demain’s internal expert discussions
provided no conclusive answer, as this
question is and will remain the subject of
research, can be examined from different
perspectives, and is also dependent on
the pathogens and the courses of the

pandemics to be investigated.

However, researchers as well as public
health officials agree that the smallest
of WWTPs and
of samples that are still sufficiently

necessary number

representative and meaningful should
be aimed for.%?* At

based on experience from the national

the same time,

wastewater monitoring programme,
practical and cost-effective approaches
are currently being discussed, for example
the combining and pooling of samples to
obtain information from wastewater more
frequently in relation to the number of

samples.

Number of WWTPs

For the number of WWTPs included in
wastewater monitoring, this means that
(1) all cantons must be covered in a
balanced manner, (2) the plants with the
largest number of connected persons
are selected, (3) urban areas are covered
for the most part, but also a selection of
rural areas, and (4) those plants are of
particular interest that are located in so-
called strategic places (tourism region,
border region, proximity to airports, urban
areas, etc.). For example, according to the
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Guidelines on Environmental Surveillance
for Detection of Polioviruses of the
Global Polio Eradication Initiative (GPEI),
preference should be given to WWTPs with
a catchment area of 100,000 to 300,000
inhabitants.®®

The 10 largest WWTPs in Switzerland,
which are located in the cantons of Bern,
Basel-Stadt,
Vaud, Zug and Zurich, have a catchment

Geneva, Lucerne, Ticino,
area of around 120,000 to a maximum
of 450,000

already cover 25% of the population. If,

inhabitants.®® They alone
for example, the largest plants in almost
every canton were selected, 50 WWTPs
would cover 50% of the population. These
50 WWTPs could provide a balanced
picture of the situation with regard to the
distribution across cantons and urban
areas in the most populous cities or
cantons, and occasionally also represent
smaller catchment areas (less than
50,000) in more rural regions, so that even
for pathogens with a lower detection limit
an already small number of infections can

trigger a signal.

The study therefore assumes that 50
WWTPs are involved for wastewater
situation,

monitoring in a normal

both pre- and post-pandemic. This
assumption is congruent with the planning
of the FOPH, which will reduce the number
of facilities to 50 in 2023, since this would
still cover a large part of the population and

trends could be adequately assessed.®’

For a special/extraordinary situation,
SARS-CoV-2
in the corresponding situation, the

as was the case for

study assumes 100 WWTPs, covering
approximately 70% of the population,®
since, according to the experts interviewed
by Pour Demain, it is worthwhile in a
pandemic situation to ramp up wastewater
monitoring to as many plants as possible.

Detection Limit WWTPs

The detection limit® in wastewater samples
depends on the pathogen in question and,
according to the experts interviewed, is, in
the case of SARS-CoV-2, between one
and ten infections per 100,000 persons.
As mentioned, the study assumes that
the same detection limit applies to other
pathogens. The 100 largest WWTPs in
Switzerland have an average catchment
area of about 60,000 inhabitants, which
means that on average a signal could
already be detected in the wastewater
with as few as six infected persons.
Only ten WWTPs have a catchment area
of more than 100,000 inhabitants (as of
2017). Since none is larger than 500,000,
a maximum of 50 people would have to
be infected at this detection limit for the
signal of a new pandemic to be detected
in the wastewater.

Number of Sequencings and Samples
per Week

The necessary frequency of sequencing
depends strongly on the characteristics
of a circulating pathogen: how quickly
does it spread, how often does it mutate,

etc. The frequency of sequencing should
be determined by the number of positive
clinical samples. Based on the information
provided by the experts interviewed, it is
assumed that five to 10% of the positive
clinical samples should be sequenced in
orderto be able to draw an accurate picture
of the course of the pandemic. This is
also in line with WHO recommendations
for genomic surveillance of SARS-CoV-2
variants.”®

For the present study, the sequencing
frequency is calculated based on the

number of weekly COVID-19 infections
in the first year since the outbreak. The
study also assumes the higher sequencing
frequency of 10%.

Sequencing Frequency in a Special/Extraordinary Situation

Layers Sequencing frequency of weekly infections, basis COVID-19
Special/extraordinary situation Weekly infections on average in the first 10’640
COVID-19 pandemic year
Sequencing frequency 10% 10647

Table 6: Sequencing Frequency, Basis COVID-19

For the “severe” and “extreme” pandemics
scenarios, which cause higher infection
numbers in the first wave, the weekly
the first
pandemic year would in principle have to
be higher than in the COVID-19 scenario.
However, since it can be assumed that

frequency of sequencing in

a higher infection rate also results in
broader immunity and the simulation of
infections for fictitious scenarios over a
period longer than one wave could be very
inaccurate, the study assumes the same

sequencing frequency for the two more
severe scenarios as well. The frequency of
sequencing has implications for the cost
calculation. A potential underestimation
of costs due to the possible need for a
higher frequency of sequencing in “severe”
and “extreme pandemic” scenarios is
compensated insofar as the benefit-cost
balance compares the costs in a period of
37 years with the benefits in the period of

only one wave.
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Inthe normal, post-pandemic situation,
a weekly sequencing frequency of 191
is assumed. This is the result of 10% of
the mean of the seven-day average of new
COVID-19 infections of 2068 and 1748
between 12/12. and 19/12/20227% - a
reference week in a post-pandemic, normal
situation. Ten sequencings per week are
assumed for the pre-pandemic phase,
as the study expects about 100 infections
per week, of which 10% are sequenced.
The assumption is based on the relatively
low number of infections of many diseases
requiring notification such as tuberculosis
or measles. In principle, the sequencing of
only ten samples per week for five different
pathogens in the normal, pre-pandemic
situation is very low. However, in view of
the fact that the study can only calculate
the benefits for a first wave, but considers
the costs over a time horizon of 37 years
(cf. Chapter 3.2.3), the low sequencing

frequency is justified.

Even in a pandemic and post-pandemic
situation, in which surveillance is primarily
focused on the pathogen causing
the pandemic, 10 samples per week
are sequenced in parallel for ongoing
surveillance of other, non-pandemic
pathogens. In a pandemic situation, a total
of 1,074 samples are thus sequenced, in a
post-pandemic situation 201 samples.

For PCR detection of those pathgens
from the wastewater samples, the
study assumes a similar frequency of
sampling as is currently done for SARS-
CoV-2 wastewater monitoring’®, namely
six samples per week in a special/
extraordinary situation and three samples
per week in a normal situation (pre-
pandemic and post-pandemic). The same
frequency is assumed for the sequencing
of the wastewater samples.

ARGEST WWTPS INSSWITZ
NM\AVERAGE, CATCHMENT AF
07000 INHABITANTSSONA\

IEREFORE, A SIGNAL CAN
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Costs of the
Institutionalised
Early Warning
System

5.1 Cost Structure

The costs of an institutionalised early warn-
ing system consist of the three components
(1) wastewater monitoring, (2) sequencing,
(3) data processing, management, analy-
sis and interpretation for an ordinance on
measures (cf. Chapter 3). For components
1 and 2, the costs are generally based on
the operating costs of genomic and waste-
water monitoring of SARS-CoV-2, but are
calculated somewhat higher to be on the
safe side.

For example, 30-50% of additional, indi-
rect costs were integrated into the calcula-
tion of the costs for sequencing, and costs

for sample collection by the WWTPs were
also considered in the calculation, although
these could be coordinated with other rou-
tine analyses. Transport costs were also in-
cluded conservatively, even though at cer-
tain WWTPs the operating staff can bring
the samples directly to the analysis labora-
tory themselves, in which case no external
costs would arise.

Personnel costs for data analysis and inter-
pretation for the targeted and early ordering
of measures are factored in, thus including
additional expenses that do not yet exist
within the framework of the current COV-
ID-19 monitoring or could be increased.

Since the individual costs are based on sev-
eral cost estimates from different experts, a
range with the lowest and highest value as
well as an average value was determined.

5.1.1. Costs Wastewater Monitoring

The wastewater monitoring cost item can
be divided into the following four cost
centres for the ongoing operating costs:

COST CENTRE Costs in CHF

Sampling of wastewater
treatment plant (WWTP)*.

0-50; average 25

Transport*

Laboratory (basic rate)* 185-200; average

192,50

Laboratory (pathogen
detection)**

5-10; average 7,5

* Depending on the number of samples per week and WWTPs

Description

Effort for sampling (taking sample at the WWTP)

Packaging and refrigerated transport from WWTP
to laboratory

Basic rate for laboratory analysis: sample
preparation, extraction/concentration etc. incl.
bottles for sampling

Test for the detection of pathogen with multiplex
PRC assay

** Depending on the number of pathogens, number of samples per week and WWTPs. These costs only refer to the primers and

probes of the multiplex PCR assay per new pathogen, as the costs for sample preparation with extraction/concentration are

included in the basic laboratory tariff costs.

The study also assumes that no further investment costs are necessary to extend wastewater

monitoring to other pathogens, since an adequate infrastructure was built during the

COVID-19 pandemic that is sufficient for the operation of wastewater monitoring as a

complementary, but not exclusive, element of the pandemic early warning system.

5.1.2. Costs Sequencing

The cost item for sequencing includes the following cost centres for wastewater and patient

samples from the reporting systems:

COST CENTRE Costs in CHF

Wastewater
samples: 200-
300; average 250

Sequencing per sample (incl.
bioinformatic analysis and
overhead costs of up to 50%)*

Sequencing per sample
(incl. bioinformatic analysis
and overhead costs of up to 225
30%)**

Patient samples:
100-350; average

Transport™*

Description

In addition to the costs for sequencing, costs for a
bioinformatic standard analysis as well as overhead
costs of 20-50% are also included, if these are

not already accounted for in the basic rate for
sequencing.

In addition to the costs for gene sequencing, costs for
a bioinformatics standard analysis and overhead costs
of 20-30% will be included, unless these are already
accounted for in the basic rate for gene sequencing.

Costs for refrigerated transport from the laboratory
to the three competence centres for Next Generation
Sequencing.

* Depending on the number of samples per week and WWTPs. Overhead costs are determined as higher for wastewater samples
than for patient samples, as sequencing wastewater samples is more time-consuming.

** Depending on the number of samples per week.

*** Depends on the number of samples per week. If a laboratory does its own sequencing, these costs would be omitted.
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In general, the costs refer to the sequencing of viruses and not, for example, bacteria, as
antibiotic resistance, for example, is not integrated in the narrowly defined benefit model

(cf. Chapter 6.2).

The study assumes that prices will remain stable over the next 37 years, even
though they are likely to fall in the future. Nor does it take into account the economies
of scale that can be achieved with the automation of sequencing machines in increments
of 96 samples. These assumptions are made in accordance with a conservative cost
calculation, so as not to underestimate the actual costs of the early warning system.

5.1.3. Data Processing, Management, Analysis & Interpretation for Ordinances on
Measures

The following costs are incurred for the operation of the SPSP data platform and its
expansion to integrate four additional pathogens as well as wastewater data:

Cost centre Cost in CHF Description

Operation SPSP (annual) 1883,500-300,000; Costs for coordination of partners, quality control of
average 241,750 data, communication with international databases, IT
infrastructure, minor adjustments (bioinformatics tools etc.)

Expansion SPSP* 71,000-150,000; Costs for integration of new pathogens as well as

average 110,500 wastewater data, corresponding IT adjustments,
connection to new databases, etc.

* These costs do not incur every year, but once.

Furthermore, approximately three to four federal positions in salary grades 18-24 are
needed. On the one hand, two people with expertise in epidemiology and bioinformatics
are needed who can interpret data from the early warning system quickly and accurately; on
the other hand, one or two communication specialists are needed who can communicate
the relevant information in a timely manner and in a way that is appropriate for the target

group.

Cost centre Cost in CHF Description

Personnel expenses (annual) 450’0000*

Time spent on data analysis, interpretation and
communication on the specific measure prescription

* This is a rough cost estimate.

5.2. Total Cost Estimate Early Warning System

The annual costs of an institutionalised early warning system differ depending on
the situation.

e The costs in the period of a special/extraordinary situation amount to around
31 million francs per year on average.’

e Since fewer cases need to be detected and sequenced in the period immediately
after the pandemic, the costs are lower at around seven million francs after the
special situation is lifted.

e Even in the normal, pre-pandemic situation, the total costs of the early
warning system are lower than during a pandemic, averaging around five
million francs.

e QOver a time horizon of 37 years, the annual costs for the entire early
warning system in operation in all three situations amount to an average of
slightly more than six million francs, since the lowest costs are located in a
situation that lasts the longest (according to the study assumption 31 years
and 11 months), while the higher costs are incurred in the special/extraordinary
situation over the comparably short period of only two years and one month. In
a normal year, the costs of the early warning system amount to about five
million francs.

The highest costs are incurred for the sequencing of wastewater and patient samples.
In a special/extraordinary situation with a high infection rate, the weekly frequency of
sequencing increases, which is why the costs for sequencing wastewater and patient
samples account for almost 70% of the total costs. The cost for wastewater monitoring
are lower at around 28% of the total cost. The costs for data processing, management,
analysis & interpretation for potential ordinances of measures represent a less substantial
cost component with — depending on the situation — a two to 18% share of the total costs
of the early warning system. The exact calculation of the annual costs with the various
parameters for the different situations can be found in Appendix A.2.
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Average Annual Costs Early Warning System

Situation Wastewater monitoring Sequencing Data analysis & Overall early warning
interpretation system
Normal prepandemic CHF 2'145°000 CHF 2'145°000 CHF 922’2507 CHF 5'147°770
Special/Extraordinary CHF 8’580’000 CHF 21°488'633 CHF 691’750 CHF 30°'760°383
Normal postpandemic CHF 2'145°000 CHF 4'513°860 CHF 691’750 CHF 7’350°610

Table 7: Average annual costs for an Early Warning System by situation

References

74 The average costs were determined as the mean value of the minimum and maximum costs.

75 The costs in this situation are higher than in the other situations because the one-off costs for the
expansion of the SPSP were offset here.
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Economic Benefit of
the Institutionalised
Early Warning
System

6.1. Impact Model Benefit

The fundamental benefit of the early
warning system is that reliable information
on the course of the pandemic is available
at an early stage, which can be used to
containthe exponential spread of infectious
diseases. Specialists and government
officials are thus more precisely informed
about the epidemiological situation, which
serves as a basis for decision-making
both for pathogens already present in
Switzerland and for those that could
soon appear in Switzerland due to an
epidemic/pandemic. In this way, sensible
measures tailored to the situation (non-
vaccine

pharmaceutical interventions,

provision) can be passed at an early

stage. Epidemiological developments
can also be processed and visualised
in a comprehensible way via publicly
accessible information platforms, from
which the population can derive voluntary

measures.

Why and how the information available
is better and accessible at an earlier
stage through an early warning system is
specifically explained below for the main
components of the early warning system.

6.1.1. Benefits Through Wastewater
Monitoring

+ More efficient: With just a few
samples from the wastewater, a
representative picture of up to
approx. 450,000 inhabitants can
be collected. This makes it easier
to estimate the viral load in the
population, i.e. the total amount
of viruses released by the entire
population into the catchment area
or the sum of all individual viral
loads of infected persons as well as
the sum of the known viral variants.
Since the viral load from the
wastewater, according to experts,
correlates  well with  clinically

reported cases, the data from the

wastewater can be used as a proxy
for clinically reported cases. In this
way, the wastewater can be used to
test potentially large geographical
regions and resources for clinical

THE FUNDAMENTAL
BENEFIT OF THE EARLY
it WARNING SYSTEM IS THAT
g RELIABLE INFORMATION
= ON THE COURSE OF THE

PANDEMIC IS AVAILABLE
AT AN EARLY STAGE.
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PCR testing and sequencing can be targeted to where particularly high numbers
of infections are detected. Other geographically limited or regional measures, too,
such as targeted testing campaigns, partial lockdowns in certain regions, etc. can
be better derived in this way.

Less bias: Calculations of epidemiological metrics such as incidence or reproduction
number based solely on clinical diagnoses are typically distorted because not all
individuals are tested at the same rate. Samples from wastewater monitoring are not
distorted by differences in clinical testing behaviour. On the one hand, symptomless
cases can also excrete genetic material of the pathogen into the wastewater and
thus be detected’® , and on the other hand, infections of persons who do not get
tested in the health care system despite symptoms are also recorded. This effect
comes into play especially when no or only few clinical tests are available or when
willingness to test in the population is low (e.g. when tests are associated with high
costs or stigmatisation, commercial self-tests are widespread or with pathogens
that lead to mild, unspecific or asymptomatic courses of disease). This makes it
possible to better estimate a possible number of unreported cases, but also to
check whether the incidence of disease is overestimated, if, for example, a testing
infrastructure is rapidly expanded and many people get tested who were already
infected in the preceding weeks.

Faster: Studies from various countries show a time lead of five to 14 days for
wastewater monitoring compared to the reporting of clinical cases. This time-related
advantage is particularly large when the number of clinically conducted tests is low,
e.g. in a pre-pandemic or post-pandemic phase.”” For many pathogens, wastewater
thus provides a more rapidly available assessment basis for the spread within the
population.

Information on transmission pathways/dynamics through sequenced patient
samples: Inaddition to determining the pathogen (e.g. the viral variant), the sequencing
of clinical samples can analyse transmission pathways/dynamics and clustering
(local, regional), as a test result of a specific person can be placed in the larger
socio-demographic context. For example, it can be traced whether an accumulation
of infections in a hospital or a school is due to the fact that the persons have been
infected by each other or outside. Depending on the situation, individual isolation/
closures can be more effective than collective lockdowns/closures; measures can for
example be initiated locally for just one school or hospital. Sequencing thus offers
a helpful tool for tracing transmission routes, especially if this is not possible via
traditional contact tracing — for example, because a person has been in contact with
several infected persons on average in the period between infection and development
of the first symptoms, or in the case of a high number of unreported cases due to
asymptomatic courses of the disease.

Tracking the severity of diseases: By sequencing patient samples, it is possible
to track whether infected individuals become more severely ill with new variants of a
pathogen (e.g. viral mutations).

Monitoring the effectiveness of measures: Information from the sequencing
of patient samples can be used to better evaluate the effectiveness of prescribed
measures: |s the correct vaccine being vaccinated? Are the traced transmission
pathways effectively interrupted by the measures or not? By sequencing wastewater
samples, measures can be tested for their effectiveness and it becomes comprehensible
for a wide geographical area what influence the adoption and easing of measures
have on the circulation of a virus variant.

Efficacy of vaccines against variants: By sequencing a vaccinated but infected

Important: Despite its advantages, wastewater monitoring should be classified as a person, it is possible to determine which new variants the immune defence may not

complementary indicator and not as a substitute for clinical testing. Versatile and respond to.
complementary tools are needed to prevent and control epidemics and pandemics.
6.1.3. Data Processing, Management, Analysis & Interpretation for Ordinance on

6.1.2. Benefits From Sequencing Wastewater and Patient Samples Measures

Detection of variants of concern: The sequencing of wastewater and patient
samples can help with the detection of new variants of concern circulating in the
population. Wastewater monitoring can infer the growth trajectory of pathogen
variants in the entire population with just a few samples.’®

Ability to act through data processing: Even if important data from wastewater and
patient samples are available, they only become useful to a government through
rapid processing. The evaluation and analysis of the data provided by the early
warning system is crucial so that they are not purely informative in nature, but
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can suggest concrete possibilities for action at the government level and, ideally,

also voluntary changes in the behaviour of the population: In addition to official

measures, contacts with at-risk persons could, for example, be voluntarily reduced

in the event of the wide spread of a pathogen (cf. Chapter 6.1).

e Strengthening the trust between the population and the government: A data portal

that is accessible to all and that shows the current epidemiological situation in a

way that is easy to understand even for laypersons makes it easier to understand

ordinances on measures by a government. In this way, the trust of the population in

the government can be strengthened.

6.2. Narrow Definition of Benefits for
Quantifiable Statements

The total benefit resulting from the different
components of the early warning system
according to Chapter 6.1 is difficult to

quantify due to the different advantages
and would go beyond the scope of this
study. As already mentioned, the narrow
benefit definition only calculates the
benefit of the early warning system in
a first wave. For quantifiable conclusions
on the benefit of such a system, only
one aspect of the benefit of wastewater
monitoring is mapped for simplification,
namely that a government can prescribe
measures earlier due to the earlier
detection of epidemiological trends of
known pathogens in wastewater. This
means that the first pandemic wave can
be broken and flattened earlier. On this
basis, the benefits of the less clearly
quantifiable benefit aspects of the early
warning system (especially sequencing),
too, are estimated.

According to current studies on SARS-
CoV-2, it
wastewater monitoring has an information

is generally assumed that
advantage of five to 14 days over
clinical tests.”® According to the experts
interviewed by Pour Demain, the maximum
value of two weeks would be too high an
estimation in a situation where many PCR
tests have already been carried out and
the tests can also be evaluated quickly.
However, the study is based exclusively
on the scenario of a first pandemic wave,
in which 14 days is appropriate as the
maximum time lead: At this point, people
do not get tested as often (e.g. because
tests are not yet available, the government
has not yet introduced comprehensive
testing campaigns and/or the tests
cannot yet be evaluated as quickly as
at a later point in the pandemic®). The
lead in time and information depends on
the individual pathogen. For example,
researchers estimated a time lead of 17
days for influenza viruses in wastewater in
Ottawa.®' Based on this information, the

present study assumes that pathogens

can be detected in wastewater a maximum
of 14 days earlier.

However, in discussions with Pour Demain,
FOPH experts did not consider it realistic
that measures could be implemented two
weeks earlier on the basis of a single
indicator. Other factors also influence
the implementation of measures: e.g.
the political will to introduce restrictive
measures and the actual compliance of the
population with the measures. The study
therefore takes into account that time
elapses before a package of measures
is defined and passed, and assumes a
realistic time lead of five to 10 days for

an earlier ordinance on measures.

Instead of a lockdown, various other non-
pharmaceutical measures could also be
adopted, because in particular thanks to
wastewater monitoring, it will be easier
to decide on regionally specific measures
as a targeted alternative to national
lockdowns in a special/extraordinary
Chapter 6.1.1). Also for

reasons of simplification and in order to be

situation (cf.

able to determine the effect of the earlier
introduction of measures as cleanly and
clearly limited in time as possible, only
the lockdown imposed in spring 2020
is considered and no other measure. In
principle, it can be assumed that with an
institutionalised early warning system that
continuously monitors the epidemiological
situation, i.e. also in a normal situation,
restrictive measures such as lockdowns
are less likely because the infection curve

can be flattened at the beginning of a
wave through the earlier introduction of
less drastic strategies such as a mask
requirement and geographically specific
measures.

This narrow definition of benefits ignores
a number of other benefits that are
undoubtedly central to a pandemic early
warning system but are difficult to quantify
in the context of this study:

e Discovery of globally novel,
potentially pandemic pathogens
for the first time in Switzerland
(discovery of local outbreaks in the
normal situation)

e Detection of direct transmission
in local outbreaks (schools,
hospitals, etc.)

e Monitoring of the severity of
disease progressions with new
pathogen variants

e Public health benefits of an
epidemiological surveillance
system in the normal situation, for
example for monitoring antibiotic
resistance, drugs (addiction
monitoring)® or pharmaceuticals in
wastewaters?

e Benefit of an entire pandemic
consisting of several waves

e Benefits for vaccine production,
adaptation and the purchase of
vaccines®*

e \oluntary implementation of
measures through a publicly
accessible information platform
that is comprehensible to
laypersons and continuously
documents the epidemiological
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situation.

e More targeted ordinance, earlier
lifting or even avoidance of
restrictive measures through
location- and/or group-specific,
close to real-time information on
the course of the pandemic. This
reduces the economic damage
caused by official measures.®

¢ Reduction in deaths and illnesses
due to fewer necessary medical
treatments such as operations
being postponed

6.3. Estimation of the Benefit

A quantity and value structure serves as
the basis for estimating the benefits in the
first wave (cf. also Appendix A.1). For the

calculation of the benefit, the study makes
conservative assumptionsin each case,i.e.
in the case of different data or estimates,
the more conservative assumption is
used. Furthermore, only the benefit of a
first wave is depicted. The benefit of the
early warning system is calculated as
avoided damage in francs.

Three aspects are calculated:

1. Avoided production costs as a result
of avoided work absences due to
lower infection rates

2. Avoided health care costs due to
fewer hospitalisations, fewer IPS
patients and fewer long COVID-like
cases or long-term health problems.

3. Avoided intangible costs due to

fewer deaths

6.3.1. Time Factor

In principle, the right time is decisive in
combating a pandemic outbreak. If the
exponential increase in infections can
be stopped early on, instead of reacting
only when the number of cases is high
or hospitals are overcrowded, serious
economic and social consequences of the
pandemic can be avoided. Thus the earlier
a government knows about an outbreak,
the better.

Since time elapses between an infection
and the appearance of the first symptoms
(incubation period) and the detection in
the health care system, the automatic
detection of infections in wastewater is
more suitable for the early detection of
pathogens, especially when tests are
performed only rarely and there are delays
in clinical reporting (cf. Chapters 6.1.1
and 6.2). As mentioned in Chapter 6.1.1,
the present study assumes a time lead of

five to 10 days.

6.3.2. Decision on Measures and
Implementation

Reliable and early information on the
course of the pandemic can support
decision-makers in the health sector,
the economy and politics, scientists and
private individuals. However, this study only
calculates the benefits for the economy
and society that can be achieved by the
authorities through earlier or more targeted
measures. In reality, part of the population
would also — thanks to the information on
infection events on the publicly accessible

data platform - voluntarily implement
precautionary measures earlier and/or
otherwise contribute positively to the
containment of the pandemic (cf. Chapters
6.1 and 6.2).

2. 3.

Calculation of

avoided avoided

health care
costs losses

Figure 3: The Six Steps of Benefit Calculation

Step 1: Factor Calculation of Infections
With Earlier Lockdown

In the first step of the benefit calculation,
it is determined how many infections can
be avoided in a first pandemic wave if
the lockdown is not introduced on day
23 (corresponds to 17 March 2020 in
the COVID-19 scenario), but earlier. For
this purpose, the study simulates the
cumulative number of infections using the
Renewal Equation formula (cf. Chapter
4.2.2) for variants a) without earlier
lockdown, b) with lockdown starting five
days earlier, ¢) with lockdown ten days
earlier. The comparison of variants a) and
b) and a) and c), respectively, results in
a factor that describes how many fewer
people would be infected. A factor of two,
for example, would mean that two times
fewer people would be infected due to
an earlier lockdown. Accordingly, with an
earlier lockdown, half of the infections
could be avoided. The simulation is

Calculation of

production

6.3.3. Benefit Calculation in Six Steps

The calculation of benefits in the first wave
is done in six steps for the three scenarios
COVID-19,
pandemic.

“severe” and “extreme”

4. S. 6.

Calculation of
the avoided of the total
intangible avoided

costs costs

Overall
benefit and
probability of
detection

Calculation

calculated over a period of 70 days.
This period is rounded up from the time
between the outbreak of the COVID-19
pandemic in Switzerland (on 24 February
2020) to the end of the lockdown (26 April
2020). Furthermore, this also ensures
that the simulation only stops when R is
stably below one for several weeks and
the period of exponential infections is thus
over.

Forthe three scenarios COVID-19, “severe”
and “extreme” pandemic, the reproduction
number R, generation time, the time until
R falls to 0.9, and the definitions of the
simulations are taken from Chapter 4.2.2.
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COVID-19-PANDEMIC COURSE FIRST WAVE, EARLIER

INTRODUCTION OF MEASURES

lockdown on day
13 18 23
1600 P

0 day earlier, lockdown on day 23
5 days earlier, lockdown on day 18

10 days earlier, lockdown on day 13

benefit, particularly through sequencing,
which cannot be quantified precisely. The
study assumes that this factor, which
results solely from a benefit aspect of the
wastewater monitoring, increases again

by a conservatively calculated 10%. For
the early warning system with wastewater
monitoring and sequencing, this results in
a factor of 3.1 for five days and 12.3 for
10 days.

1200
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Figure 4: COVID-19 Pandemic Progression of the First Wave, Earlier Introduction of Measures

60

65

AVOIDED INFECTIONS, EARLIER
LOCKDOWN, FIRST WAVE, COVID-19

Total infections
Avoided infections

For the COVID-19 scenario, the real
infection figures of the first 23 days until
the introduction of the lockdown are used,
and in the “0O days earlier” scenario all
data up to day 70 according to the FOPH
COVID-19 dashboard86.

For the other pandemic scenarios

(“severe”, “extreme”), the infection
numbers are simulated on the basis of six
consecutive days with a predefined rate of

increase (cf. Chapter 4.2.2).

Factor COVID-19 Scenario

As Figures 4 and 5 show, the infection curve
can be flattened if a lockdown is introduced
five or 10 days earlier. The infections within
the 70 days considered (defined period of
the first wave, cf. Chapter 4.2.2) decrease

by a factor of 2.8 with an introduction five
days earlier, and even by a factor of 11.2
if the lockdown is introduced ten days
earlier.

Expressed as a percentage, alockdown five
or ten days earlier leads to a reduction in
the number of infections by 65% and 91%,
respectively. For comparison: Althaus et
al. 2020 calculate a factor of 1.25 per day
of earlier introduction®, which, calculated
over five or ten days, results in a factor
of 3.1 (1.2575) or 9.3 (1.25710). Another
study in England by Arnold et al.88 comes
to a similar conclusion with a reduction of
74% and 93%, respectively, of COVID-19
infections with a one-week and two-week
earlier lockdown .

The early warning system has an additional

avoided infections o
0 -65% . 9 1 /o
40,000
30,000 30,013 .
19,404
20,000
10,609

10,000
: - 2,680
0 [ ]

0 days earlier

5 days earlier

10 days earlier

Figure 5: Infections Avoided in the Period of the First Wave, COVID-19

For the pandemic scenarios “severe” and
“extreme”, which are more serious than
COVID-19, a higher R-value and a shorter
generation time are assumed (see Chapter
4.2.2). Furthermore, it is assumed that the

R-value can also be brought below one in
these scenarios as with COVID-19, i.e. the
exponential spread of infections can be
controlled by introducing measures.
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COURSE OF “STRONG” AND “EXTREME’ PANDEMICS,
EARLIER INTRODUCTION OF MEASURES
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Figure 6: Course of “Strong” and “Extreme” Pandemics in the First Wave, Earlier Inctrduction of Measures

Factor Scenario “Strong” and “Extreme” Pandemics

Step 2: Calculation of Avoided Health Care Costs

With regard to health care costs, the study considers the costs incurred for hospitalisation,
hospitalisation in an intensive care unit and the health care costs per long Covid case
or for any long-term consequences. For the costs per hospitalisation and in intensive
care units, 7,000 and 100,000 francs, respectively, are assumed according to information
from Santésuisse.®® For the health care costs associated with long COVID or long-term
illnesses, a conservative value of 8,500 francs is assumed.®’

The avoided health care costs result from the sum of the different aspects in the following
quantity and value structure:

Aspects of healthcare Values Quantities

costs

Costs per Avoided CHF 7’000 Number of avoided hospitalisations:

hospitalisation hospitalisations e Share of hospitalised persons

e Avoided infections

Costs per patient in Avoided stays CHF 100’000 Number of avoided stays in intensive care

As Figures 6 and 7 show, the discrepancy
between the number of infections when
measures are introduced earlier is even
greater than in the COVID-19 scenario,
as the infection curve rises faster.
Accordingly, a higher factor of seven

and 41.5, respectively, is the result if
a lockdown were introduced five and
10 days®® earlier, respectively. Including
the additional benefit of 10 % through

sequencing, the factors are 7.7 and 45.7 .

intensive care units

in intensive care
units

units (IPS):

e Proportion of IPS patients in hospitalised
patients
e Hospitalisations avoided

Cost per long COVID Avoided long CHF 8’500 Number of long COVID cases avoided:
case COVID cases or
long-term e Proportion of long COVID in infected
illnesses persons

e Avoided infections

INFECTIONS AVOIDED, EARLIER LOCKDOWN, FIRST WAVE,
“STRONG” AND “EXTREME” PANDEMICS

Total infections
Avoided infections

-98 %

256,523 250,346

219,782

10 days earlier

Avoided infections

0 -86 OA)

300,000
250,000
200,000
150,000
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0
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0 ]
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0 days earlier

Figure 7: Total Number of Infections, First Wave, “Strong” and “Extreme” Pandemics

Step 3: Calculation of Avoided Production Losses

Production losses are calculated using the average cost of a lost working day and the
duration of work loss per infection. For the calculation, the assumption of an average
of five days of lost work is made® . In the case of an influenza infection, the average
number of lost working days across all infected persons is 3.2.°% Furthermore, the costs
per lost working day are estimated at 360francs.%

The avoided production losses are calculated from the following quantity and value
structure:
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Values Quantities

Costs per lost working day CHF 360 Number of lost working days:

e Avoided infections
e Number of working days lost per infected person

Step 4: Calculation of the Avoided Intangible Costs

Intangible costs are calculated exclusively on the basis of the number of years of life lost.
Other intangible costs, such as avoided economic costs, are not taken into account. For
the calculation, it is assumed that the value of a lost life year is constant, i.e. independent
of the contribution the life year of a deceased person would have made to society and the
economy. Furthermore, based on the COVID-19 scenario, the same number of life years lost
is assumed for “severe” and “extreme” pandemics, although this number would probably
to be higher. Based on the National Covid Science Task Force®, the study assumes six
years of life lost for deceased persons and a monetary value of 175,000 francs for one
year of life®,

The avoided intangible costs are calculated from the following quantity and value structure:

Values Quantities

Value of a lost year of life CHF 175’000 Number of years of life lost that are avoided:

e Avoided deaths
e Years of life lost per death

Step 5: Calculation of the Total Avoided Costs

Adding up the avoided health costs, production losses and intangible costs.

Step 6: Overall Benefit and Probability of Detection

The total avoided costs calculated in step 5 correspond to the benefit of the early warning
system, provided it is actually effective for the pathogen concerned. This is the probability

6.4. Benefits of Wastewater Monitoring vs. Benefits of Sequencing/Other
Aspects of the Early Warning System

The study assumes that with the early warning system, measures can be implemented earlier
and in a more targeted manner. The benefits of wastewater monitoring and sequencing as
well as other non-quantifiable aspects of the early warning system are considered in isolation.
The benefit of sequencing/other aspects of the early warning system excluding wastewater
monitoring was not simulated separately. It corresponds to the difference between the total
benefit and the separate benefit of wastewater monitoring.

6.5. Overall Benefit Early Warning System

The first wave of a pandemic serves as the basis for calculating the benefit of an early
warning system. The calculation is based on the proportion of the population that is infected
within the lockdown period.

As explained in Chapter 4.4, the study assumes an early warning system that has a probability
of detection of 80%. For an early warning system that would cover more than five pathogens,
the benefit would be correspondingly greater.

6.5.1. Benefit With Ordinance on Measures Five Days Earlier

The table below presents the results for the COVID scenario as benefits from wastewater
monitoring and benefits from sequencing, with the underlying assumption that measures are
prescribed five days earlier based on the information gained from wastewater monitoring
and sequencing.

e Overall, an institutionalised early warning system for pathogens with COVID-19-like
pandemic severity would have a benefit of approximately one billion francs in
the first wave alone.

Benefit (Five Days Earlier): COVID Scenario, First Wave

of detection (cf. Chapter 4.4). First wave Benefits of an institutionalised early warning system
Benefit CHF 1’074°000°000
The total benefit is equal to the total avoided costs multiplied by the probability of detection.
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¢ Inthe “extreme” scenario, an early warning system has a benefit of around 31
billion francs, which is almost 31 times higher than in the COVID-19 scenario. Since
it cannot be assumed that the next pandemic will be exactly like COVID-19, but could
also affect younger people — in addition to more senior citizens — more severely?’,
an even higher benefit can be expected for the next pandemic, comparable to the

“severe” and “extreme” scenarios.

Benefit (Five Days Earlier): Different Scenarios According to Severity, First Wave

First wave Severe Extreme

Benefit CHF 15'794°000°00 CHF 31’397°000°000

e The avoided intangible costs (years of life lost) represent the greatest benefit at
— depending on the scenario — 958 million to around 30 billion francs.

Benefits (Five Days Earlier): According to Avoided Costs and Different Scenarios by Severity, First Wave

Scenario Health costs Production losses Intangible costs
COVID-19 pandemic CHF 88°000°'000 CHF 28°000°000 CHF 958°000°000
“severe” pandemic CHF 604°000°000 CHF 256°000°000 CHF 14°934°000°000
“extreme” pandemic CHF 1°273’000°000 | CHF 256°000°000 CHF 29’868’000°000

6.5.2. Benefit With Ordinance on Measures 10 Days Earlier
If measures were introduced ten days earlier, the benefit would increase even more.

e InaCOVID-19-like pandemic context, this would amount to more than 1.4 billion

francs in the first wave.
e For the “severe” and “extreme” scenarios, the benefits are around 18 billion

francs and 35 billion francs, respectively.
e The avoided intangible costs (years of life lost) represent the greatest benefit with —
depending on the scenario — 1.3 to 33.5 billion francs.

60

61




Economic Benefit of the Institutionalised Early Warning System

Benefit (10 Days Earlier): COVID-19 Scenario, First Wave
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Figure 8: Benefit-Cost Balance, COVID-19 Scenario

1.074.000.000

the total
costs for the time horizon of 37 years

For the benefit-cost balance

are compared to the total benefits (=
avoided costs) within the first wave. This
underestimates the balance; however,
this calculation takes into account the
fact that an institutionalised early warning
system should not only be in operation
during a pandemic wave or in a special/
extraordinary situation, but in all situations

and therefore incurs annual costs.

Average costs
Benefit 5 days earlier
Benefit 10 days earlier

4x

6X

CHF
1.462.000.000

CHF
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Figure 9: Benefit-Cost Ratio, Different Scenarios, With Five Days Earlier Lockdown

e The graphs below (Figures 9 and
10) show that the benefits in
a COVID-19 scenario are on
average four and six times
higher, respectively, than the
costs of operating an early
warning system if measures are
introduced five and ten days
earlier, respectively.

Depending on the severity of the pandemic,
whether measures are prescribed five or
ten days earlier and whether the minimum,
average or maximum costs are assumed,
different factors result for the benefit-cost
ratio .

Even in the case that the costs
for the institutionalised early
warning system are at a maximum
and a lockdown can only be
imposed five days earlier, a factor
of 4 results for the COVID-19
scenario (cf. Figure 9). The
factor is significantly higher

in a “severe” and “extreme”
pandemic scenario at 53 and
106, respectively. At medium
costs, the benefit is four times
higher in a COVID-19-like
pandemic, 65 times higher

in a “severe” pandemic and
even 129 times higher in an
“extreme” pandemic.
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Synthesis and Assessment of the Benefit-cost Balance Synthesis

BENEFIT-COST RATIO,
10 DAYS EARLIER
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Figure 10: Benefit-Cost Ratio, Different Scenarios, With Lockdown 10 Days Earlier

e Thebenefit-cost balanceincreases
with the introduction of a
lockdown 10 days earlier and lies at
8 in the best case, i.e. with minimal
costs. In an extreme pandemic, the
factor is 188 (cf. Figure 10).

The benefit-cost balance shows that the
investment in an institutionalised early
warning system is worthwhile, even if the
information advantage gained through
it about the epidemiological situation is
reflected in an ordinance on measures
issued only five days earlier.

Assuming medium costs, the benefit
is a minimum of four to a maximum of
129 times higher than the associated
costs. In a COVID-19-like pandemic,
each franc invested achieves a benefit

of around four francs, and in extreme
pandemic scenarios even up to 129
francs.

Regardless of the costs, the balance
with a benefit comparison that does
not only refer to the first wave but
depicts an entire pandemic is likely
to be many times higher. In addition,
there are other factors that increase the
expected benefit but cannot be quantified
precisely and were therefore excluded from
the calculations in this study (e.g. non-
pandemic public health benefits through
the monitoring of antibiotic resistance,
benefits in the normal situation outside of
pandemic peak phases, etc., cf. chapter
6.2).

&
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Conclusions and
Recommendations®

Early detection and monitoring of
dangerous pathogens and variants in
wastewater and via reporting systems from
hospitals/doctors’ practices will continue
to be essential for the protection of the
Swiss population in the future.

The present study shows that
investments in regular wastewater
monitoring and ongoing decoding
of pathogens with a COVID-19-like
extent of damage are worthwhile four
to eight times over in the long term. In
the case of a higher extent of damage in
a “severe” or “extreme” pandemic, the
investments are even more worthwhile:

for every franc invested, 53 to 94 or 106

to 188 francs are saved, respectively
(cf. Chapter 7). Thanks to the early warning
system, potential damage can be greatly
reduced in the special and extraordinary
situation during a pandemic. Since the
study only calculates a small part of the
benefits, it can be assumed that the actual
benefits are much higher.

In a normal, pre-pandemic situation,
regular surveillance of pathogens
generates potential benefits that could
not be quantified further within the scope
of the study. Regular surveillance can
detect the spread of pandemic pathogens
at an early stage and thus significantly
reduce the risk of disease outbreaks
in  Switzerland. Although international
warnings that a pandemic is also heading
towards  Switzerland allow  certain
precautions to be taken, without an early
warning system already in operation there
is no head start in assessing the actual

situation in the country.

INVESTMENTS IN AN
INSTITUTIONALISED EARLY
WARNING SYSTEM FOR PATHOGENS
WITH A COVID-19-LIKE DAMAGE
SEVERITY PAY OFF FOUR TO EIGHT
TIMES OVER IN THE LONG TERM.

The following recommendations can be derived from the results of the study:

+ Institutionalising wastewater monitoring: The early detection and monitoring
of communicable diseases with the help of wastewater should be extended to
other pathogens and implemented in the long term.

+ Institutionalising the sequencing of pathogens: Pathogens with pandemic
potential should be sequenced regularly.

Faster Measures With the Help of the Early Warning System

The study shows that ordering targeted measures as quickly as possible can
drastically reduce human and economic damage. This in turn requires rapid deci-
sion-making processes on the part of cantonal and national government officials.
Accordingly, the following recommendations are made:
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IMPROVE DATA FLOW BETWEEN LABORATORIES AND
DATABASES

In future, cantonal, national and international data exchange between
databases and laboratories must be guaranteed and, if possible, be enabled
in real time (sequence databases, genome databases, etc.). The roles and
the expected information gain from the existing data platforms (e.g.
SPSP, Nextstrain, CovSpec) as well as integration of patient and wastewater
data for the central information platform EPI must be clearly defined, taking
data protection into account.

FURTHER DEVELOP DECISION-MAKING BASES FOR THE
EXECUTIVE BRANCH

The capacities within the FOPH to interpret data from the early warning
system should be further developed for the timely formulation of appropriate
bases of decision-making.

© MAKE THE MOST IMPORTANT DATA ACCESSIBLE TO ALL

Epidemiological data should be presented in a user-friendly manner and be
easy to read for the general public, so that Swiss citizens can implement their
own measures voluntarily and at an early stage, depending on the situation,
before official measures are taken or even without official requirements.

STRENGTHEN LABORATORIES

SEQUENCING SHOULD BE MADE MORE COST-EFFECTIVE AND AND THE TURN-AROUND TIME OF

SEQUENCING MACHINES NEEDS TO BE SHORTENED.

Qualitative Recommendations Going Beyond the Scope of the Study

Furthermore, the following qualitative recommendations for an institutionalised early

warning system have emerged that go beyond the narrow benefit-cost balance of the

study:

Monitor antibiotic resistance in wastewater: \Wastewater monitoring can
contribute to the containment of antibiotic resistances as “silent pandemics” in that
resistances in wastewater are continuously monitored and targeted measures are
prescribed on this basis. According to experts, wastewater samples could be tested
for antibiotic resistance without major adjustments to the existing procedure. This
would not only make it possible to monitor more efficiently which currently harmless
but potentially dangerous resistances are already present in the population, but also
to derive targeted measures. For example, an adaptation of the national prescription
guidelines could be considered, in which it would, for instance, be defined which
other alternative antibiotics can be used. Furthermore, the antibiotic concentration
in the water can be recorded at the same time in order to check how efficiently
wastewater treatment plants break down antibiotics, which in turn has an influence
on the development of resistance. Since highly resistant strains are often imported
from abroad, especially if people have been hospitalised there®, it is particularly
advisable to detect these strains in wastewater treatment plants in tourist regions
and near airports, and possibly also in the wastewater of specific facilities (airports,
hotels, asylum centres, etc.). In line with the federal government’s Strategy on
Antibiotic Resistance'®® |, specific monitoring of wastewater in animal production
facilities is also recommended. Today, about 300 people die in Switzerland every
year because of antibiotic-resistant bacteria — for comparison: According to the
Federal Statistical Office, 200 people die in traffic every year™'. The trend is
worrying; between 2010 and 2019, deaths caused by antibiotic resistance increased
by 64%'°2 The WHO considers antibiotic resistance a global threat for which better
data is urgently needed.'®® The surveillance of antibiotic resistance would promise
benefits both nationally and internationally.

Generate benefit-cost-efficient data: Defining the necessary number of WWTPs
and samples to be collected and sequenced weekly for a rapid and accurate
assessment of the epidemiological situation is a scientific issue that needs to be
addressed as soon as possible. For this, a maximally accurate and at the same time
cost-effective method of data collection, processing and interpretation should be
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applied in the future, for which national standards will be defined. International best
practices should also be taken into account ie Definition der notwendigen Anzahl
von ARA und Proben, die wochentlich fur eine schnelle und akkurate Einschatzung
der epidemiologischen Lage entnommen und sequenziert werden mussen, ist eine
wissenschaftliche Frage, die mdglichst schnell angegangen werden muss. Hierflr
sollte kunftig eine maximal prazise und gleichzeitig kosteneffiziente Methode der
Datenerhebung, -verarbeitung und -interpretation zur Anwendung kommen, wofur
nationale Standards definiert werden. Dabei sind auch internationale Best Practices
zu berucksichtigen.

Promote Sentinella reporting system: Only with the help of different surveillance
elements can Switzerland establish a differentiated early warning system. The
syndromic surveillance of pathogens via hospitals and doctors’ practices should
be developed further (including via a doubling and representative distribution of
doctors’ practices and a rapid adaptation of the reporting form for new pathogens).

Include animal disease control: In view of the increasing importance of the One
Health approach for pandemic preparedness'® | outbreaks of animal diseases
should also be monitored more closely, e.g. metagenomically. The corresponding
findings should flow into a central data platform such as SPSP.

Invest in pathogen-agnostic technologies: Metagenomic, pathogen-agnostic
sequencing methods for the early detection of entire pathogen families and thus
potentially worrying, as yet unknown pathogens should be promoted. It is important
to define pathogens from individual cases with timely sequencing and a central
database where the data can be processed and analysed (e.g. SPSP).

Strengthen the use of pandemic tools: Modelling in favour of predictive scenarios
should be used as a standard tool for regular scenario exercises and benefit-cost
assessments of measures or for decision-making processes (e.g. modelling by
Daedelus, Imperial College'®).

Institutionalise genomic data platform: In the long term, Switzerland should be
able to have a genomic data platform (e.g. Swiss Pathogen Surveillance Platform).

Support international surveillance and response: Switzerland’s early warning
system depends on international data on pathogens. Even in the normal situation,
access to epidemiological data from neighbouring countries and bases for productive

cooperation in crisis situations should be guaranteed.

Exchange best practices on pandemic early detection internationally: With
the proposed institutionalisation of an early detection system, Switzerland would
become one of the world’s leading countries in this field. Swiss federal authorities
and researchers could bring the relevant findings to international bodies so that
other countries can benefit from Switzerland’s wealth of experience.

Promote rapid political decision-making processes and inclusion of science
in crisis management: The benefits of early detection and surveillance of diseases
depend heavily on how quickly measures are taken. Accordingly, timely analyses,
interpretations and decision-making processes on the part of the government
regarding the most appropriate measures for the specific situation are crucial.’®
The potential of science can be better exploited in the fight against a pandemic in
the future by creating “foundations for a culture of trusting cooperation between
science, administration and politics”'%” . Examples of this could be adapted legal
provisions, but also joint training and exercises of scientists and crisis management
experts'®® or the transformation of the scientific advisory board for the COVID-19
pandemic into a permanent body'°.

72

73



References

98 The recommendations are in line with options identified by the Wissenschaftliches Beratungsgre-
mium COVID-19, cf.: https://wiss-gremium-covid19.ch/wp-content/uploads/230120_Re-
portWiBeG_D-2.pdf (23.1.2023).

99 Fluchini et al. 2019.

100 Strategie StAR, BLV: https://www.blv.admin.ch/blv/de/home/das-blv/strategien/nation-
ale-strategie-antibiotikaresistenzen.html (12.12.2022).

101 Transport accidents, FSO: https://www.bfs.admin.ch/bfs/de/home/statistiken/mobili-
taet-verkehr/unfaelle-umweltauswirkungen/verkehrsunfaelle.html#:~:text=Im%20Jahr%20
2021%20ereigneten%20sich,Eisenbahnunf%C3%A4llen%20und%2010%20bei%20Flugun-
f%C3%A4llen (12.12.2022).

102 Gasser et al. 2019.

108 Newspaper Article (NZZ), 9.12.2022: https://www.nzz.ch/wissenschaft/who-sieht-in-den-ges-
tiegenen-antibiotika-resistenzen-globale-bedrohung-Id. 1716314,

104 United Nations, UN News: https://news.un.org/en/story/2021/02/1084982 (12.12.2022).
105 Haw et al. 2022.

106 Several evaluations have already been carried out and recommendations drawn up, both with regard
to the further development of national crisis management and with regard to the inclusion of knowl-
edge retention in political decision-making processes, cf. FCh: https://www.bk.admin.ch/bk/de/
home/dokumentation/fuehrungsunterstuetzung/krisenmanagement.html (12.12.2022), as
well as the paper of the University of Bern, Prufung des Eskalationsmodells (Art. 6 und 7 EpG) unter
besonderer Berlcksichtigung der Epidemiologie Ubertragbarer Krankheiten sowie Public-Health-As-
pekten, cf. footnote 33.

107 Interface, 2022
108 Swiss Science Council SSC, 2022.

109 Press release 11/22/2022, FOPH: https://www.bag.admin.ch/bag/de/home/das-bag/aktuell/
medienmitteilungen.msg-id-91826.html (12.12.2022).

Bibliography

Scientific Studies

Althaus, C. (2020). Real-time modeling and projections of the COVID-19 epidemic in Switzerland, Institute
of Social and Preventive Medicine, University of Bern, Switzerland. Hyperlink: https://ispmbern.qgithub.io/
covid-19/swiss-epidemic-model/.

Althaus et al. (2020). Time is of the essence. Containment of the SARS-CoV-2 epidemic in Switzerland
from February to May 2020, Institute of Social and Preventive Medicine, University of Bern, Switzerland,
1-13. Hyperlink: https://www.medrxiv.org/content/10.1101/2020.07.21.20158014v1 .full.pdf.

Arnold et al. (2022). Estimating the effects of lockdown timing on COVID-19 cases and deaths in
England. A counterfactual modelling study, PLOS ONE 1-12. Hyperlink: https://journals.plos.org/plosone/
article?id=10.1371/journal.pone.0263432

Caduff et al. (2022). Inferring transmission fitness advantage of SARS-CoV-2 variants of
concern from wastewater samples using digital PCR, Eurosurveillance (27) 10 1-10. Hyperlink:
https://www.eurosurveillance.org/docserver/fulltext/eurosurveillance/27/10/eurosurv-27-10-4.
pdf?expires=1673362008&id=id&accname=guest&checksum=C8EAA7434E88D2CFI9A01624B0219D9DO0.

Cutler, D. (2022). The Costs of Long COVID, Jama Health Forum (3) 5 1-2. Hyperlink: https://jamanetwork.
com/journals/jama-health-forum/fullarticle/2792505.

Fernandez-Cassi et al. (2021). Wastewater monitoring outperforms case numbers as a tool to track
COVID-19 incidence dynamics when test positivity rates are high, ScienceDirect (200) 1-9. Hyperlink:
https://reader.elsevier.com/reader/sd/pii/S0043135421004504?token=C266A468ECE7CF82B3A67F5A980
A3B67043AD2BE9B46DCI9A7A1053384AA8353979C0OEFA226FDBF80027CB756AF3786CF&originRegion=
eu-west-1&originCreation=20230111105137.

Flaxman et al. (2020). Estimating the effects of non-pharmaceutical interventions on COVID-19 in Europe,
Nature (584) 257-261, Supplementary Information. Hyperlink: https://static-content.springer.com/esm/art%
3A10.1038%2Fs41586-020-2405-7/MediaObjects/41586 2020 2405 MOESM1 ESM.pdf.

Fluchini et al. (2019). Antibiotic-resistant pathogens in different patient settings and identification of
surveillance gaps in Switzerland — a systematic review, Epidemiology and Infection 1-11. Hyperlink: https://
boris.unibe.ch/138185/1/antibioticresistant pathogens_in_different patient settings and_identification of
surveillance gaps in_switzerland a systematic review.pdf.

Fraser, C. (2007). Estimating Individual and Household Reproduction Numbers in an Emerging Epidemic,
PLOS ONE (8) 1-12. Hyperlink: https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0000758.

Gasser et al. (2019). Attributable deaths and disability-adjusted life-years (DALYs) caused by infections
with antibiotic-resistant bacteria in Switzerland from 2010 to 2019, ECCMID, 09.-12. Juli 2021. Hyperlink:
https://www.anresis.ch/wp-content/uploads/2021/07/2021 ECCMID2021 BoD_gasser.pdf.

Hanson et al. (2022). A global systematic analysis of the occurrence, severity, and recovery pattern of
long COVID in 2020 and 2021, medRxiv, Preprint. Hyperlink: A global systematic analysis of the occurrence,
severity, and recovery pattern of long COVID in 2020 and 2021 | medRxiv.

Haw et al. (2022). Optimizing social and economic activity while containing SARS-CoV-2 transmission
using DAEDALUS, Nature Computational Science (2) 223-233. Hyperlink: https://www.nature.com/articles/
s$43588-022-00233-0.

74

75


https://ispmbern.github.io/covid-19/swiss-epidemic-model/
https://ispmbern.github.io/covid-19/swiss-epidemic-model/
https://www.medrxiv.org/content/10.1101/2020.07.21.20158014v1.full.pdf
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0263432
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0263432
https://www.eurosurveillance.org/docserver/fulltext/eurosurveillance/27/10/eurosurv-27-10-4. pdf?expires=1673362008&id=id&accname=guest&checksum=C8EAA7434E88D2CF9A01624B0219D9D0
https://www.eurosurveillance.org/docserver/fulltext/eurosurveillance/27/10/eurosurv-27-10-4. pdf?expires=1673362008&id=id&accname=guest&checksum=C8EAA7434E88D2CF9A01624B0219D9D0
https://jamanetwork.com/journals/jama-health-forum/fullarticle/2792505
https://jamanetwork.com/journals/jama-health-forum/fullarticle/2792505
https://reader.elsevier.com/reader/sd/pii/S0043135421004504?token=C266A468ECE7CF82B3A67F5A980A3B6704
https://reader.elsevier.com/reader/sd/pii/S0043135421004504?token=C266A468ECE7CF82B3A67F5A980A3B6704
https://reader.elsevier.com/reader/sd/pii/S0043135421004504?token=C266A468ECE7CF82B3A67F5A980A3B6704
https://static-content.springer.com/esm/art%3A10.1038%2Fs41586-020-2405-7/MediaObjects/41586_2020_2405_MOESM1_ESM.pdf
https://static-content.springer.com/esm/art%3A10.1038%2Fs41586-020-2405-7/MediaObjects/41586_2020_2405_MOESM1_ESM.pdf
https://boris.unibe.ch/138185/1/antibioticresistant_pathogens_in_different_patient_settings_and_identification_of_surveillance_gaps_in_switzerland_a_systematic_review.pdf
https://boris.unibe.ch/138185/1/antibioticresistant_pathogens_in_different_patient_settings_and_identification_of_surveillance_gaps_in_switzerland_a_systematic_review.pdf
https://boris.unibe.ch/138185/1/antibioticresistant_pathogens_in_different_patient_settings_and_identification_of_surveillance_gaps_in_switzerland_a_systematic_review.pdf
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0000758
https://www.anresis.ch/wp-content/uploads/2021/07/2021_ECCMID2021_BoD_gasser.pdf
https://www.nature.com/articles/s43588-022-00233-0
https://www.nature.com/articles/s43588-022-00233-0
https://wiss-gremium-covid19.ch/wp-content/uploads/230120_ReportWiBeG_D-2.pdf
https://wiss-gremium-covid19.ch/wp-content/uploads/230120_ReportWiBeG_D-2.pdf
https://www.blv.admin.ch/blv/de/home/das-blv/strategien/nationale-strategie-antibiotikaresistenzen.html
https://www.blv.admin.ch/blv/de/home/das-blv/strategien/nationale-strategie-antibiotikaresistenzen.html
https://www.bfs.admin.ch/bfs/de/home/statistiken/mobilitaet-verkehr/unfaelle-umweltauswirkungen/verkehrsunfaelle.html#:~:text=Im%20Jahr%202021%20ereigneten%20sich,Eisenbahnunf%C3%A4llen%20und%2010%20bei%20Flugunf%C3%A4llen
https://www.bfs.admin.ch/bfs/de/home/statistiken/mobilitaet-verkehr/unfaelle-umweltauswirkungen/verkehrsunfaelle.html#:~:text=Im%20Jahr%202021%20ereigneten%20sich,Eisenbahnunf%C3%A4llen%20und%2010%20bei%20Flugunf%C3%A4llen
https://www.bfs.admin.ch/bfs/de/home/statistiken/mobilitaet-verkehr/unfaelle-umweltauswirkungen/verkehrsunfaelle.html#:~:text=Im%20Jahr%202021%20ereigneten%20sich,Eisenbahnunf%C3%A4llen%20und%2010%20bei%20Flugunf%C3%A4llen
https://www.bfs.admin.ch/bfs/de/home/statistiken/mobilitaet-verkehr/unfaelle-umweltauswirkungen/verkehrsunfaelle.html#:~:text=Im%20Jahr%202021%20ereigneten%20sich,Eisenbahnunf%C3%A4llen%20und%2010%20bei%20Flugunf%C3%A4llen
https://www.nzz.ch/wissenschaft/who-sieht-in-den-gestiegenen-antibiotika-resistenzen-globale-bedrohung-ld
https://www.nzz.ch/wissenschaft/who-sieht-in-den-gestiegenen-antibiotika-resistenzen-globale-bedrohung-ld
https://news.un.org/en/story/2021/02/1084982
https://www.bk.admin.ch/bk/de/home/dokumentation/fuehrungsunterstuetzung/krisenmanagement.html
https://www.bk.admin.ch/bk/de/home/dokumentation/fuehrungsunterstuetzung/krisenmanagement.html
https://www.bag.admin.ch/bag/de/home/das-bag/aktuell/medienmitteilungen.msg-id-91826.html 
https://www.bag.admin.ch/bag/de/home/das-bag/aktuell/medienmitteilungen.msg-id-91826.html 

Huisman et al. (2022). Estimation and worldwide monitoring of the effective reproductive number of
SARS-CoV-1, eLife (11) 1-48. Hyperlink: https://edoc.unibas.ch/90655/1/elife-71345-v2.pdf.

Kumar et al. (2022). Lead time of early warning by wastewater surveillance for COVID-19. Geographical
variations and impacting factors, Chemical Engineering Journal (441) 1-10. Hyperlink: https://www.
sciencedirect.com/science/article/pii/S1385894722014346%via%3Dihub.

Lemaitre et al. (2020). Assessing the impact of non-pharmaceutical interventions on SARS-CoV-2
transmission in Switzerland, Swiss Medical Weekly (150) 1-9. Hyperlink: https://smw.ch/index.php/smw/
article/view/2801/4534.

Marani, M. et al. (2021). Intensity and frequency of extreme novel epidemics, PNAS (118) 35, 1-4.
Hyperlink: https://www.pnas.org/doi/epdf/10.1073/pnas.2105482118.

Marschner, 1.C (2021). Estimating age-specific COVID-19 fatality risk and time to death by comparing
population diagnosis and death patterns. Australia data, BMC Medical Research Methodology (26) 21-126.
Hyperlink: https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/s12874-021-01314-w.

Mercier et al. (2022). Municipal and neighbourhood level wastewater surveillance and subtyping of an
influenza virus outbreak, Scientific Reports (12) 1-11. Hyperlink: https://www.nature.com/articles/s41598-
022-20076-z.

Nouvellet et al. (2018). A simple approach to measure transmissibility and forecast incidence, Epidemics
(22) 29-35. Hyperlink: https://pubmed.ncbi.nim.nih.gov/28351674/.

Piret, J./Boivin, G. (2021). Pandemics Throughout History, Frontiers in Microbiology (11) 1-16. Hyperlink:
https://www.frontiersin.org/articles/10.3389/fmicb.2020.631736/full.

Riguzzi, M./S. Gashi (2021). Lessons from the first wave of COVID-19. Work-related consequences, clinical
knowledge, emotional distress, and safety-conscious behavior in healthcare workers in Switzerland, Frontiers
in Psychology (12) 1-21. Hyperlink: https://www.frontiersin.org/articles/10.3389/fpsyg.2021.628033/full#.

Scire et al. (2020). Reproductive number of the COVID-19 epidemic in Switzerland with a focus on the
Cantons of Basel-Stadt and Basel-Landschaft. Swiss Medical Weekly (150) 1-8. Hyperlink: https://smw.ch/
index.php/smw/article/view/2784/4497 .

Staub et al. (2022). Historically High Excess Mortality During the COVID-19 Pandemic in Switzerland,
Sweden, and Spain. Annals of Internal Medicine 1-11. Hyperlink: https://pubmed.ncbi.nlm.nih.gov/35099995/.

Tomonaga et al. (2021). Productivity losses due to influenza and influenza-like illness in Switzerland.
Results of the Swiss Sentinel Surveillance Network in a non-pandemic era, Swiss Medical Weekly (151) 1-11.
Hyperlink: https://smw.ch/index.php/smw/article/view/3056/5075.

Federal administration pages and documents
(incl. studies commissioned by the federal administration)

Federal Office for Civil Protection FOCP

Federal Office for Civil Protection FOCP, Disasters and Emergencies Switzerland 2020, National Risk Analysis
Report: https://files.static-nzz.ch/2021/3/31/f2585ff9-c6e3-47e4-al11c-b1377cdaf3b8.pdf.

Federal Office for Civil Protection FOCP, Katastrophen und Notlagen Schweiz 2020/Geféahrdossier,
Influenza-Pandemie:https://www.babs.admin.ch/content/babs-internet/de/aufgabenbabs/
gefaehrdrisiken/natgefaehrdanalyse/gefaehrddossier/ jcr content/contentPar/accordion/accordionltems/
gesellschaftsbedingt/accordionPar/downloadlist/downloadltems/157 1604483556672.download/30-
Influenza-Pandemie-GD-de.pdf.

Federal Office for the Environment FOEN

Federal Office for the Environment FOEN, wastewater treatment, survey of connected inhabitants: htips://
www.bafu.admin.ch/bafu/de/home/themen/wasser/fachinformationen/massnahmen-zum-schutz-der-
gewaesser/abwasserreinigung/erhebung-angeschlossene-einwohner.html.

Federal Officeforthe Environment FOEN, Pharmaceuticalsingroundwater: https://www.bafu.admin.ch/bafu/de/
home/themen/wasser/fachinformationen/zustand-der-gewaesser/zustand-des-grundwassers/grundwasser-
qualitaet/arzneimittel-im-grundwasser.html#: ~:text=Im%20Grundwasser%20nachgewiesen%20werden %20
vor,Maximalwert%20pro%20NAQUA%2DMessstelle.

Federal Office of Public Health FOPH

Federal Office of Public Health FOPH, Covid-19 Switzerland, Information on the current situation: https://
www.covid19.admin.ch/de/overview.

Federal Office of Public Health FOPH, Reporting systems for infectious diseases: https://www.bag.admin.
ch/bag/de/home/krankheiten/infektionskrankheiten-bekaempfen/meldesysteme-infektionskrankheiten.html.

Federal Office of Public Health FOPH, press release 03 May 2022, Covid-19: Confederation expands
wastewater monitoring to over 100 wastewater treatment plants: https://www.admin.ch/gov/de/start/
dokumentation/medienmitteilungen.msg-id-88615.html.

Federal Office of Public Health FOPH, press release 28 May 2021, National SARS-CoV-2 surveillance
programme confirmed: https://www.admin.ch/gov/de/start/dokumentation/medienmitteilungen.msg-
id-83732.html#:~:text=Nextsrain%20(https%3A%2F % 2Fnextstrain.org,Screening%20nach%20neuen %20
Varianten%20zust%C3%A4ndig.

Federal Office of Public Health FOPH, press release 22 November 2022, Covid-19: Confederation and
cantons want to continue working closely with science: https://www.bag.admin.ch/bag/de/home/das-bag/
aktuell/medienmitteilungen.msg-id-91826.html.

Federal Office of Public Health FOPH, Infectious Diseases: Outbreaks, epidemics, pandemics: https://www.
bag.admin.ch/bag/de/home/krankheiten/ausbrueche-epidemien-pandemien.html.

Federal Office of Public Health, Outbreak investigations and epidemiological clarifications: https://www.bag.
admin.ch/bag/de/home/krankheiten/ausbrueche-epidemien-pandemien/ausbruchsuntersuchungen.html.

Federal Office of Public Health FOPH, Antibiotic Resistance Strategy StAR, fact sheet “Swiss Antibiotic
Resistance Report 2022: https://www.anresis.ch/wp-content/uploads/2022/11/SARR22 Faktenblatt DE

def.pdf.

76

77


 https://edoc.unibas.ch/90655/1/elife-71345-v2.pdf
https://www.sciencedirect.com/science/article/pii/S1385894722014346?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1385894722014346?via%3Dihub
https://smw.ch/index.php/smw/article/view/2801/4534
https://smw.ch/index.php/smw/article/view/2801/4534
https://www.pnas.org/doi/epdf/10.1073/pnas.2105482118
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/s12874-021-01314-w
https://www.nature.com/articles/s41598-022-20076-z
https://www.nature.com/articles/s41598-022-20076-z
https://pubmed.ncbi.nlm.nih.gov/28351674/
https://www.frontiersin.org/articles/10.3389/fmicb.2020.631736/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2021.628033/full#
https://smw.ch/index.php/smw/article/view/2784/4497
https://smw.ch/index.php/smw/article/view/2784/4497
https://pubmed.ncbi.nlm.nih.gov/35099995/
https://smw.ch/index.php/smw/article/view/3056/5075
https://files.static-nzz.ch/2021/3/31/f2585ff9-c6e3-47e4-a11c-b1377cdaf3b8.pdf
https://www.babs.admin.ch/content/babs-internet/de/aufgabenbabs/gefaehrdrisiken/natgefaehrdanalyse/gefaehrddossier/_jcr_content/contentPar/accordion/accordionItems/gesellschaftsbedingt/accordionPar/downloadlist/downloadItems/157_1604483556672.download/30-
https://www.babs.admin.ch/content/babs-internet/de/aufgabenbabs/gefaehrdrisiken/natgefaehrdanalyse/gefaehrddossier/_jcr_content/contentPar/accordion/accordionItems/gesellschaftsbedingt/accordionPar/downloadlist/downloadItems/157_1604483556672.download/30-
https://www.babs.admin.ch/content/babs-internet/de/aufgabenbabs/gefaehrdrisiken/natgefaehrdanalyse/gefaehrddossier/_jcr_content/contentPar/accordion/accordionItems/gesellschaftsbedingt/accordionPar/downloadlist/downloadItems/157_1604483556672.download/30-
https://www.babs.admin.ch/content/babs-internet/de/aufgabenbabs/gefaehrdrisiken/natgefaehrdanalyse/gefaehrddossier/_jcr_content/contentPar/accordion/accordionItems/gesellschaftsbedingt/accordionPar/downloadlist/downloadItems/157_1604483556672.download/30-
https://www.bafu.admin.ch/bafu/de/home/themen/wasser/fachinformationen/massnahmen-zum-schutz-der-gewaesser/abwasserreinigung/erhebung-angeschlossene-einwohner.htm
https://www.bafu.admin.ch/bafu/de/home/themen/wasser/fachinformationen/massnahmen-zum-schutz-der-gewaesser/abwasserreinigung/erhebung-angeschlossene-einwohner.htm
https://www.bafu.admin.ch/bafu/de/home/themen/wasser/fachinformationen/massnahmen-zum-schutz-der-gewaesser/abwasserreinigung/erhebung-angeschlossene-einwohner.htm
https://www.bafu.admin.ch/bafu/de/home/themen/wasser/fachinformationen/zustand-der-gewaesser/zustand-des-grundwassers/grundwasser-qualitaet/arzneimittel-im-grundwasser.html#:~:text=Im%20Grundwasser%20nachgewiesen%20werden%20vor,Maximalwert%20pro%20NAQUA%2
https://www.bafu.admin.ch/bafu/de/home/themen/wasser/fachinformationen/zustand-der-gewaesser/zustand-des-grundwassers/grundwasser-qualitaet/arzneimittel-im-grundwasser.html#:~:text=Im%20Grundwasser%20nachgewiesen%20werden%20vor,Maximalwert%20pro%20NAQUA%2
https://www.bafu.admin.ch/bafu/de/home/themen/wasser/fachinformationen/zustand-der-gewaesser/zustand-des-grundwassers/grundwasser-qualitaet/arzneimittel-im-grundwasser.html#:~:text=Im%20Grundwasser%20nachgewiesen%20werden%20vor,Maximalwert%20pro%20NAQUA%2
https://www.bafu.admin.ch/bafu/de/home/themen/wasser/fachinformationen/zustand-der-gewaesser/zustand-des-grundwassers/grundwasser-qualitaet/arzneimittel-im-grundwasser.html#:~:text=Im%20Grundwasser%20nachgewiesen%20werden%20vor,Maximalwert%20pro%20NAQUA%2
https://www.covid19.admin.ch/de/overview
https://www.covid19.admin.ch/de/overview
https://www.bag.admin.ch/bag/de/home/krankheiten/infektionskrankheiten-bekaempfen/meldesysteme-infektionskrankheiten.html
https://www.bag.admin.ch/bag/de/home/krankheiten/infektionskrankheiten-bekaempfen/meldesysteme-infektionskrankheiten.html
https://www.admin.ch/gov/de/start/dokumentation/medienmitteilungen.msg-id-88615.html
https://www.admin.ch/gov/de/start/dokumentation/medienmitteilungen.msg-id-88615.html
https://www.admin.ch/gov/de/start/dokumentation/medienmitteilungen.msg-id-83732.html#:~:text=Nextsrain%20(https%3A%2F%2Fnextstrain.org,Screening%20nach%20neuen%20Varianten%20zust%C3%A4ndig
https://www.admin.ch/gov/de/start/dokumentation/medienmitteilungen.msg-id-83732.html#:~:text=Nextsrain%20(https%3A%2F%2Fnextstrain.org,Screening%20nach%20neuen%20Varianten%20zust%C3%A4ndig
https://www.admin.ch/gov/de/start/dokumentation/medienmitteilungen.msg-id-83732.html#:~:text=Nextsrain%20(https%3A%2F%2Fnextstrain.org,Screening%20nach%20neuen%20Varianten%20zust%C3%A4ndig
https://www.bag.admin.ch/bag/de/home/das-bag/aktuell/medienmitteilungen.msg-id-91826.html
https://www.bag.admin.ch/bag/de/home/das-bag/aktuell/medienmitteilungen.msg-id-91826.html
https://www.bag.admin.ch/bag/de/home/krankheiten/ausbrueche-epidemien-pandemien.html
https://www.bag.admin.ch/bag/de/home/krankheiten/ausbrueche-epidemien-pandemien.html
https://www.bag.admin.ch/bag/de/home/krankheiten/ausbrueche-epidemien-pandemien/ausbruchsuntersuchungen.html
https://www.bag.admin.ch/bag/de/home/krankheiten/ausbrueche-epidemien-pandemien/ausbruchsuntersuchungen.html
https://www.anresis.ch/wp-content/uploads/2022/11/SARR22_Faktenblatt_DE_def.pdf
https://www.anresis.ch/wp-content/uploads/2022/11/SARR22_Faktenblatt_DE_def.pdf

Federal Office of Public Health FOPH, fact sheet 28 February 2020, Normal, special and exceptional situation:
https://www.newsd.admin.ch/newsd/message/attachments/60477.pdf.

Interface, Optionen wissenschaftlicher Politikberatung im Hinblick auf Krisen, Grundlagen fur die Beantwortung
des Postulats Michel 20.3280 zuhanden der Bundeskanzlei, 23 September 2022: https://www.newsd.admin.
ch/newsd/message/attachments/74010.pdf.

University of Bern, Examination of the escalation model (Art. 6 and 7 EpG), Thesis paper commissioned by the
Federal Office of Public Health (FOPH), 08 September 2022: https://github.com/ISPMBern/eskalationsmodell/
blob/main/Thesenpapier Eskalationsmodell.pdf.

Federal Statistical Office FSO

Swiss Federal Statistical Office, FSO News, Deaths in Switzerland at record level, The Spanish flu of 1918:
https://www.bfs.admin.ch/bfsstatic/dam/assets/6467464/master.

Swiss Federal Statistical Office, Traffic accidents: https://www.bfs.admin.ch/bfs/de/home/statistiken/
mobilitaet-verkehr/unfaelle-umweltauswirkungen/verkehrsunfaelle.html#:~:text=Im%20Jahr%202021%20
ereigneten%20sich.Eisenbahnunf%C3%A41len%20und%2010%20bei%20Flugunf% C3%A4llen.

Federal Chancellery BK

Federal Chancellery FC, Crisis Management, Evaluations of the Federal Administration’s Crisis Management
in the Covid 19 Pandemic: https://www.bk.admin.ch/bk/de/home/dokumentation/fuehrungsunterstuetzung/
krisenmanagement.html.

Federal Department of Finance FDF

Federal Department of Finance, “Pandemic insurance” project, report of the working group, September
2020: https://www.blv.admin.ch/blv/de/home/das-blv/strategien/nationale-strategie-antibiotikaresistenzen.
html.

Federal Department of Finance, Federal debt, Outlook: https://www.efd.admin.ch/efd/de/home/finanzpolitik/
bundesschulden.html#:~:text=Die%20Corona%2DPandemie%20macht%20hohe.von%2025%2D30%20
Milliarden%20Franken.

Fedlex

Fedlex, Federal Law on the Control of Communicable Diseases of Man: https://www.fedlex.admin.ch/eli/
cc/2015/297/de.

Swiss National COVID-19 Science Task Force

Swiss National COVID-19 Science Task Force, Policy Brief, Why far-reaching health policy measures make
sense fromamacroeconomic perspective inthe currentlong period, 19 January 2021: https://sciencetaskforce.
ch/policy-brief/warum-aus-gesamtwirtschaftlicher-sicht-weitgehende-gesundheitspolitische-massnahmen-
in-der-aktuellen-lage-sinnvoll-sind/.

State Secretariat for Economic Affairs SECO

State Secretariat for Economic Affairs SECO, Excursus: Corona crisis - effects on GDP in international
comparison:https://www.seco.admin.ch/dam/seco/de/dokumente/Wirtschaft/Wirtschaftslage/
Konjunkturtendenzen/kt 2021 03 exkurs bip corona.pdf.download.pdf/KT 2021 03 Exkurs BIP Corona.

pdf.

Swiss Science Council SWR

Swiss Science Council SWR, Wissenschaftliche Politikberatung in Krisenzeiten, SWR Schrift 3/2022: https://
wissenschaftsrat.ch/images/stories/pdf/de/SWR 2022 Wissenschaftliche Politikberatung.pdf.

Offices and cantonal administration

EAWAG, Water Research Institute of the ETH Domain, media release 27 May 2014, Wastewater provides
information on drug use: https://www.admin.ch/gov/de/start/dokumentation/medienmitteilungen.msg-
id-53138.html.

EAWAG, Coronavirus wastewater monitoring expanded in Switzerland, 09 March 2021: https://www.
eawag.ch/en/news-agenda/news-portal/news-detail/coronavirus-wastewater-monitoring-expanded-in-
switzerland/.

Conference of Cantonal Directors of Public Health GD, Abfederung im Falle eines Wiederanstiegs von
Covid-19 im Herbst / Winter 2022 / 2023 (“Rebound Papier III"): https://www.gdk-cds.ch/fileadmin/docs/
public/gdk/themen/praevention gesundheitsfoerderung/ansteckende krankheiten/NZ Rebound Il _def d.

pdf.

Associations

wiss Association of Cities, COVID-19 makes big waves in public budgets. Financial impact of the pandemic
on the budgets of Swiss cantons, cities and municipalities: https://staedteverband.ch/cmsfiles/pwc.
pdf?v=20221005091253.

International organisations, foreign governments, think tanks, institutes, NGOs, companies

Centers for Disease Control and Prevention, Middle East Respiratory Syndrome (MERS), MERS Clinical
Features: https://www.cdc.gov/coronavirus/mers/clinical-features.html.

Center for Global Development, Blog Post: The Next Pandemic Could Come Soon and Be Deadlier, 25.
August 2021 https://www.cgdev.org/blog/the-next-pandemic-could-come-soon-and-be-deadlier.

Center for Global Development, What is the Return on Investment of Pandemic Preparedness?, Online, 04.
Oktober 2022: https://www.cgdev.org/event/what-return-investment-pandemic-preparedness.

CEPI, The Postponability of Now, Containing Epidemic and Pandemic Infectious Diseases, March 2021:
https://cepi.net/wp-content/uploads/2021/11/CEPI-Investment-Case-German MARCH?2021.pdf.

European Commission, Horizon, The EU Research & Innovation Magazine, 16 December 2021: https://
ec.europa.eu/research-and-innovation/en/horizon-magazine/qga-future-pandemics-are-inevitable-we-can-
reduce-risk.

European Commission, Proposal for a directive of the European parliament and of the council concerning
urban wastewater treatment (recast), Brussels, 26 October 2022: https://environment.ec.europa.eu/
system/files/2022-10/Proposal%20for%20a%20Directive%20concerning%20urban%20wastewater%20
treatment%20%28recast%29.pdf.

ETH Zurich, Center for Security Studies, Bulletin 2020 on Swiss Security Policy, Chronology of national and
international crisis management in the first phase of the coronavirus pandemic: https://css.ethz.ch/content/
dam/ethz/special-interest/gess/cis/center-for-securities-studies/pdfs/Bulletin 2020 07 Chronologie.pdf.

ETHZurich, KOF Konjunkturforschungsstelle, Media Release, Coronacrisis exacerbatesinequalityin Switzerland,
23 February 2021: https://kof.ethz.ch/news-und-veranstaltungen/medien/medienmitteilungen/2021/02/

78

79


https://www.newsd.admin.ch/newsd/message/attachments/60477.pdf
https://www.newsd.admin.ch/newsd/message/attachments/74010.pdf
https://www.newsd.admin.ch/newsd/message/attachments/74010.pdf
https://github.com/ISPMBern/eskalationsmodell/blob/main/Thesenpapier_Eskalationsmodell.pdf
https://github.com/ISPMBern/eskalationsmodell/blob/main/Thesenpapier_Eskalationsmodell.pdf
https://www.bfs.admin.ch/bfsstatic/dam/assets/6467464/master
https://www.bfs.admin.ch/bfs/de/home/statistiken/mobilitaet-verkehr/unfaelle-umweltauswirkungen/verkehrsunfaelle.html#:~:text=Im%20Jahr%202021%20ereigneten%20sich,Eisenbahnunf%C3%A4llen%20und%2010%20bei%20Flugunf%C3%A4llen
https://www.bfs.admin.ch/bfs/de/home/statistiken/mobilitaet-verkehr/unfaelle-umweltauswirkungen/verkehrsunfaelle.html#:~:text=Im%20Jahr%202021%20ereigneten%20sich,Eisenbahnunf%C3%A4llen%20und%2010%20bei%20Flugunf%C3%A4llen
https://www.bfs.admin.ch/bfs/de/home/statistiken/mobilitaet-verkehr/unfaelle-umweltauswirkungen/verkehrsunfaelle.html#:~:text=Im%20Jahr%202021%20ereigneten%20sich,Eisenbahnunf%C3%A4llen%20und%2010%20bei%20Flugunf%C3%A4llen
https://www.bk.admin.ch/bk/de/home/dokumentation/fuehrungsunterstuetzung/krisenmanagement.html
https://www.bk.admin.ch/bk/de/home/dokumentation/fuehrungsunterstuetzung/krisenmanagement.html
https://www.blv.admin.ch/blv/de/home/das-blv/strategien/nationale-strategie-antibiotikaresistenzen.html
https://www.blv.admin.ch/blv/de/home/das-blv/strategien/nationale-strategie-antibiotikaresistenzen.html
https://www.efd.admin.ch/efd/de/home/finanzpolitik/bundesschulden.html#:~:text=Die%20Corona%2DPandemie%20macht%20hohe,von%2025%2D30%20Milliarden%20Franken
https://www.efd.admin.ch/efd/de/home/finanzpolitik/bundesschulden.html#:~:text=Die%20Corona%2DPandemie%20macht%20hohe,von%2025%2D30%20Milliarden%20Franken
https://www.efd.admin.ch/efd/de/home/finanzpolitik/bundesschulden.html#:~:text=Die%20Corona%2DPandemie%20macht%20hohe,von%2025%2D30%20Milliarden%20Franken
 https://www.fedlex.admin.ch/eli/cc/2015/297/de
 https://www.fedlex.admin.ch/eli/cc/2015/297/de
https://sciencetaskforce.ch/policy-brief/warum-aus-gesamtwirtschaftlicher-sicht-weitgehende-gesundheitspolitische-massnahmen-in-der-aktuellen-lage-sinnvoll-sind/
https://sciencetaskforce.ch/policy-brief/warum-aus-gesamtwirtschaftlicher-sicht-weitgehende-gesundheitspolitische-massnahmen-in-der-aktuellen-lage-sinnvoll-sind/
https://sciencetaskforce.ch/policy-brief/warum-aus-gesamtwirtschaftlicher-sicht-weitgehende-gesundheitspolitische-massnahmen-in-der-aktuellen-lage-sinnvoll-sind/
https://www.seco.admin.ch/dam/seco/de/dokumente/Wirtschaft/Wirtschaftslage/Konjunkturtendenzen/kt_2021_03_exkurs_bip_corona.pdf.download.pdf/KT_2021_03_Exkurs_BIP_Corona.pdf
https://www.seco.admin.ch/dam/seco/de/dokumente/Wirtschaft/Wirtschaftslage/Konjunkturtendenzen/kt_2021_03_exkurs_bip_corona.pdf.download.pdf/KT_2021_03_Exkurs_BIP_Corona.pdf
https://www.seco.admin.ch/dam/seco/de/dokumente/Wirtschaft/Wirtschaftslage/Konjunkturtendenzen/kt_2021_03_exkurs_bip_corona.pdf.download.pdf/KT_2021_03_Exkurs_BIP_Corona.pdf
https://wissenschaftsrat.ch/images/stories/pdf/de/SWR_2022_Wissenschaftliche_Politikberatung.pdf
https://wissenschaftsrat.ch/images/stories/pdf/de/SWR_2022_Wissenschaftliche_Politikberatung.pdf
https://www.admin.ch/gov/de/start/dokumentation/medienmitteilungen.msg-id-53138.html
https://www.admin.ch/gov/de/start/dokumentation/medienmitteilungen.msg-id-53138.html
https://www.eawag.ch/en/news-agenda/news-portal/news-detail/coronavirus-wastewater-monitoring-expanded-in-switzerland/
https://www.eawag.ch/en/news-agenda/news-portal/news-detail/coronavirus-wastewater-monitoring-expanded-in-switzerland/
https://www.eawag.ch/en/news-agenda/news-portal/news-detail/coronavirus-wastewater-monitoring-expanded-in-switzerland/
https://www.gdk-cds.ch/fileadmin/docs/public/gdk/themen/praevention_gesundheitsfoerderung/ansteckende_krankheiten/NZ_Rebound_III_def_d.pdf
https://www.gdk-cds.ch/fileadmin/docs/public/gdk/themen/praevention_gesundheitsfoerderung/ansteckende_krankheiten/NZ_Rebound_III_def_d.pdf
https://www.gdk-cds.ch/fileadmin/docs/public/gdk/themen/praevention_gesundheitsfoerderung/ansteckende_krankheiten/NZ_Rebound_III_def_d.pdf
https://staedteverband.ch/cmsfiles/pwc.pdf?v=20221005091253
https://staedteverband.ch/cmsfiles/pwc.pdf?v=20221005091253
https://www.cdc.gov/coronavirus/mers/clinical-features.html
https://www.cgdev.org/blog/the-next-pandemic-could-come-soon-and-be-deadlier
https://www.cgdev.org/event/what-return-investment-pandemic-preparedness
https://cepi.net/wp-content/uploads/2021/11/CEPI-Investment-Case-German_MARCH2021.pdf
https://ec.europa.eu/research-and-innovation/en/horizon-magazine/qa-future-pandemics-are-inevitable-we-can-reduce-risk
https://ec.europa.eu/research-and-innovation/en/horizon-magazine/qa-future-pandemics-are-inevitable-we-can-reduce-risk
https://ec.europa.eu/research-and-innovation/en/horizon-magazine/qa-future-pandemics-are-inevitable-we-can-reduce-risk
https://environment.ec.europa.eu/system/files/2022-10/Proposal%20for%20a%20Directive%20concerning%20
https://environment.ec.europa.eu/system/files/2022-10/Proposal%20for%20a%20Directive%20concerning%20
https://environment.ec.europa.eu/system/files/2022-10/Proposal%20for%20a%20Directive%20concerning%20
https://css.ethz.ch/content/dam/ethz/special-interest/gess/cis/center-for-securities-studies/pdfs/Bulletin_2020_07_Chronologie.pdf
https://css.ethz.ch/content/dam/ethz/special-interest/gess/cis/center-for-securities-studies/pdfs/Bulletin_2020_07_Chronologie.pdf
https://kof.ethz.ch/news-und-veranstaltungen/medien/medienmitteilungen/2021/02/corona-krise-verschaerft-ungleichheit-in-der-schweiz.html

corona-krise-verschaerft-ungleichheit-in-der-schweiz.html.

Global Polio Eradication Initiative, Guidelines on Environmental Surveillance for Detection of Polioviruses,
Working draft, March 2015: https://polioeradication.org/wp-content/uploads/2016/07/GPLN_GuidelinesES

April2015.pdf.

McKinsey & Company, Not the last pandemic: Investing now to reimagine public-health systems, 21 May
2021: https://www.mckinsey.com/industries/public-and-social-sector/our-insights/not-the-last-pandemic-
investing-now-to-reimagine-public-health-systems.

Our World in Data, Cumulative confirmed COVID-19 deaths: https://ourworldindata.org/explorers/
coronavirus-data-explorer?facet=none&Interval=Cumulative&Relative+to+Population=false&Color+by+test+
positivity=false&country=~OWID WRL&Metric=Confirmed+deaths.

Robert Koch Institute, Infektionsschutz und Infektionsepidemiologie, Fachworter - Definitionen -
Interpretationen: https://www.rki.de/DE/Content/Service/Publikationen/Fachwoerterbuch Infektionsschutz.
pdf? blob=publicationFile.

Swiss National Science Foundation, Thematic Synthesis of the National Research Programme “Antimicrobial
Resistance”, November 2022: https://www.nfp72.ch/media/de/MRK6j1ZnWcCtHKOM/NRP-72-Thematic-
Synthesis-1.pdf.

United Nations, UN News, Strengthen ‘One Health approach’ to prevent future pandemics - WHO chief, 17
February 2021: https://news.un.org/en/story/2021/02/1084982.

COVID-19 Scientific Advisory Group (WiBeG), On the future management of COVID-19 and other respiratory
viruses: https://wiss-gremium-covid19.ch/wp-content/uploads/230120 ReportWiBeG D-2.pdf.

World Bank Blogs, COVID-19 leaves a legacy of rising poverty and widening inequality, 07 October 2021:
https://blogs.worldbank.org/developmenttalk/covid-19-leaves-legacy-rising-poverty-and-widening-
inequality#:~:text=About%2097 %20million%20more%20people.less%20than%20%245.50%20a%20day.

The World Bank, Understanding Poverty, From Panic and Neglect to Investing in Health Security:
Financing Pandemic Preparedness at a National Level: htips://documentsi.worldbank.org/curated/
en/979591495652724770/pdf/115271-REVISED-FINAL-IWG-Report-3-5-18.pdf.

The World Bank, Urban Development: hitps://www.worldbank.org/en/topic/urbandevelopment/overview.

World Health Organization, Ebola virus disease: https://www.who.int/news-room/fact-sheets/detail/ebola-
virus-disease.

World Health Organization, Guidance for surveillance of SARS-CoV-2 variants, Interim guidance, 09. August
2021: https://apps.who.int/iris/rest/bitstreams/1361901 /retrieve.

Newspaper/media articles

Tages-Anzeiger, 17 May 2020: The value of a human being in francs: https://www.tagesanzeiger.ch/der-
wert-eines-menschen-in-franken-910585616707.

MEDINSIDE, 02 June 2020: Corona cases can get this expensive: https://www.medinside.ch/post/
coronavirus-so-teuer-koennen-corona-faelle-werden.

SRF,18 May 2021: Switzerland sequences fewer corona samples than other countries: https://www.srf.
ch/news/schweiz/erbgut-des-virus-erforschen-schweiz-sequenziert-weniger-corona-proben-als-andere-
laender.

Tages-Anzeiger, 07 September 2021: Covid patient in intensive care costs over 100,000 francs: htips://
www.tagesanzeiger.ch/covid-patient-auf-der-intensivstation-kostet-ueber-100000-franken-256552141683.

SRF, 08 June 2022 : National Council debates Corona debt reduction: https://www.srf.ch/news/schweiz/
finanzhaushaltsgesetz-nationalrat-streitet-ueber-den-abbau-der-coronaschulden.

Businesswire, 30 August 2022: Long COVID Outpaces Diabetes in 2022 Employer Health Care Costs, Nomi
Health Research Finds: https://www.businesswire.com/news/home/20220830005323/en/Long-COVID-
Outpaces-Diabetes-in-2022-Employer-Health-Care-Costs-Nomi-Health-Research-Finds.

Asterisk, November 2022: How to Prevent the Next Pandemic: https://asteriskmag.com/issues/1/how-to-
prevent-the-next-pandemic.

NZZ, 09 December 2022: WHO sees global threat in increased antibiotic resistance: https://www.nzz.ch/
wissenschaft/who-sieht-in-den-gestiegenen-antibiotika-resistenzen-globale-bedrohung-1d.1716314.

Tages-Anzeiger, 27 December 2022: “The time of extreme omicron waves seems to be over”: hitps://www.
tagesanzeiger.ch/die-zeit-der-extremen-omikron-wellen-scheint-vorbei-414839150203.

80

81


https://kof.ethz.ch/news-und-veranstaltungen/medien/medienmitteilungen/2021/02/corona-krise-verschaerft-ungleichheit-in-der-schweiz.html
https://polioeradication.org/wp-content/uploads/2016/07/GPLN_GuidelinesES_April2015.pdf
https://polioeradication.org/wp-content/uploads/2016/07/GPLN_GuidelinesES_April2015.pdf
https://www.mckinsey.com/industries/public-and-social-sector/our-insights/not-the-last-pandemic-investing-now-to-reimagine-public-health-systems
https://www.mckinsey.com/industries/public-and-social-sector/our-insights/not-the-last-pandemic-investing-now-to-reimagine-public-health-systems
https://ourworldindata.org/explorers/coronavirus-data-explorer?facet=none&Interval=Cumulative&Relative+to+Population=false&Color+by+test+positivity=false&country=~OWID_WRL&Metric=Confirmed+deaths
https://ourworldindata.org/explorers/coronavirus-data-explorer?facet=none&Interval=Cumulative&Relative+to+Population=false&Color+by+test+positivity=false&country=~OWID_WRL&Metric=Confirmed+deaths
https://ourworldindata.org/explorers/coronavirus-data-explorer?facet=none&Interval=Cumulative&Relative+to+Population=false&Color+by+test+positivity=false&country=~OWID_WRL&Metric=Confirmed+deaths
https://www.rki.de/DE/Content/Service/Publikationen/Fachwoerterbuch_Infektionsschutz.pdf?__blob=publicationFile
https://www.rki.de/DE/Content/Service/Publikationen/Fachwoerterbuch_Infektionsschutz.pdf?__blob=publicationFile
https://www.nfp72.ch/media/de/MRk6j1ZnWcCtHK0m/NRP-72-Thematic-Synthesis-1.pdf
https://www.nfp72.ch/media/de/MRk6j1ZnWcCtHK0m/NRP-72-Thematic-Synthesis-1.pdf
https://news.un.org/en/story/2021/02/1084982
https://wiss-gremium-covid19.ch/wp-content/uploads/230120_ReportWiBeG_D-2.pdf
https://blogs.worldbank.org/developmenttalk/covid-19-leaves-legacy-rising-poverty-and-widening-inequality#:~:text=About%2097%20million%20more%20people,less%20than%20%245.50%20a%20day
https://blogs.worldbank.org/developmenttalk/covid-19-leaves-legacy-rising-poverty-and-widening-inequality#:~:text=About%2097%20million%20more%20people,less%20than%20%245.50%20a%20day
https://documents1.worldbank.org/curated/en/979591495652724770/pdf/115271-REVISED-FINAL-IWG-Report-3-5-18.pdf
https://documents1.worldbank.org/curated/en/979591495652724770/pdf/115271-REVISED-FINAL-IWG-Report-3-5-18.pdf
https://www.worldbank.org/en/topic/urbandevelopment/overview
https://www.who.int/news-room/fact-sheets/detail/ebola-virus-disease
https://www.who.int/news-room/fact-sheets/detail/ebola-virus-disease
https://apps.who.int/iris/rest/bitstreams/1361901/retrieve
https://www.tagesanzeiger.ch/der-wert-eines-menschen-in-franken-910585616707
https://www.tagesanzeiger.ch/der-wert-eines-menschen-in-franken-910585616707
https://www.medinside.ch/post/coronavirus-so-teuer-koennen-corona-faelle-werden
https://www.medinside.ch/post/coronavirus-so-teuer-koennen-corona-faelle-werden
https://www.srf.ch/news/schweiz/erbgut-des-virus-erforschen-schweiz-sequenziert-weniger-corona-proben-als-andere-laender
https://www.srf.ch/news/schweiz/erbgut-des-virus-erforschen-schweiz-sequenziert-weniger-corona-proben-als-andere-laender
https://www.srf.ch/news/schweiz/erbgut-des-virus-erforschen-schweiz-sequenziert-weniger-corona-proben-als-andere-laender
https://www.tagesanzeiger.ch/covid-patient-auf-der-intensivstation-kostet-ueber-100000-franken-256552141683
https://www.tagesanzeiger.ch/covid-patient-auf-der-intensivstation-kostet-ueber-100000-franken-256552141683
https://www.srf.ch/news/schweiz/finanzhaushaltsgesetz-nationalrat-streitet-ueber-den-abbau-der-coronaschulden
https://www.srf.ch/news/schweiz/finanzhaushaltsgesetz-nationalrat-streitet-ueber-den-abbau-der-coronaschulden
https://www.businesswire.com/news/home/20220830005323/en/Long-COVID-Outpaces-Diabetes-in-2022-Employer-Health-Care-Costs-Nomi-Health-Research-Finds
https://www.businesswire.com/news/home/20220830005323/en/Long-COVID-Outpaces-Diabetes-in-2022-Employer-Health-Care-Costs-Nomi-Health-Research-Finds
https://asteriskmag.com/issues/1/how-to-prevent-the-next-pandemic
https://asteriskmag.com/issues/1/how-to-prevent-the-next-pandemic
https://www.nzz.ch/wissenschaft/who-sieht-in-den-gestiegenen-antibiotika-resistenzen-globale-bedrohung-ld.1716314
https://www.nzz.ch/wissenschaft/who-sieht-in-den-gestiegenen-antibiotika-resistenzen-globale-bedrohung-ld.1716314
https://www.tagesanzeiger.ch/die-zeit-der-extremen-omikron-wellen-scheint-vorbei-414839150203
https://www.tagesanzeiger.ch/die-zeit-der-extremen-omikron-wellen-scheint-vorbei-414839150203

A. Appendix

A.1 Basic Data Benefit Calculation
COVID-19 Scenario, Five Days Earlier'’®

Basic Data Reference value Value Unit Comment and sources for COVID-19 figures
(scenario COVID-19)

Benefits of wastewater monitoring

Trends detectable earlier Up to 2 Weeks e.g. Kumar et al. 2022

Decision by authorities on measures 5 Days Acceptance
possible earlier

Infected, hospitalised, deaths

Population 8,738,800 People

Proportion infected Population 0.34 % Covid statistics BAG, special situation
Number infected 29,313 Covid statistics BAG, special situation
Proportion of infected persons with Infected 13.6 % Covid statistics BAG, special situation
hospital treatment

Proportion of hospitalised persons Hospitalised 27.5 % Covid statistics BAG, special situation

with treatment in intensive care

Number of hospitalised 3,991 Covid statistics BAG, special situation
Number of deaths 1,689 Covid statistics BAG, special situation
Proportion of deaths Infected 5.76 % Covid statistics BAG, special situation
Proportion of Covid-infected people Infected 10 % National Covid Science Task Force 2022
with long COVID

Number of people with long COVID 2,931 People Estimate based on Hanson et al. 2022.
Infections, hospitalisations, deaths if 1-factor x less of 2.8 for Factor for wastewater monitoring, which was
lockdown 2 days earlier each variable variable calculated with Python according to the formula of

Flaxman et al. 2020.

110 - For the other scenarios, the values for “infected, hospitalised, deaths”
change according to the damage values listed in Chapter 4.2 as well as the
factors according to the Python simulations in Chapter 6.3.3, Step 1. 82



Health costs

Costs hospitalisation mild cases per patient 7,000 CHF Conservative assumption based on the following data:
Santésuisse is quoted by Medinside (2020) as stating
CHF 7,000 to 25,000; 20 Minuten (2021) states CHF
25,000 to 30,000.

Costs of stay in intensive care per patient 100,000 CHF Conservative assumption based on the following data:
Santésuisse is quoted by Medinside (2020) as CHF
120,000; 20 Minuten (2021) quotes well over CHF
100,000; Universitatsspital Basel is quoted in the
Tagesanzeiger (2021) as stating over CHF 100,000.

Health Costs Long COVID per person with long 8,500 CHF Conservative assumption based on the following data:
COVID Culter 2022 quotes USD 9,000; Businesswire quotes a
study by Nomi Health (US healthcare company) at USD

9,500.

Production losses

Loss of working hours per infected person 5 Days Assumption: more than influenza; Tomonoga et al. 2021
give 3.2 days for influenza.

Costs loss of working hours per working day 360 CHF Calculation from Tomonoga et al. 2021.
Assumption is independent of whether costs are
disease- or mortality-related.

Intangible costs

Years of life lost of deceased persons 6 Years Conservative assumption based on National Covid
Science Task Force 2021 (5.4-6.8 years) and related to
the second wave. SwissRe 2020 assumes 12-14 years
for the UK.

Monetary value of a year of life 175,000 CHF “Reasonable” medical costs per year of life gained
according to 2010 Federal Court ruling, cited by
National Covid Science Task Force 2021. Conservative
assumption based on National Covid Science Task
Force 2021 calculating another scenario with costs of
CHF 250,000.

Benefit sequencing

Faster targeted measures 1-factor x less of each 3.1 10% increase in the factor for wastewater monitoring,
Implementation variable which was calculated with Python according to the
formula of Flaxman et al. 2020.
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A.2 Basic Data Cost Calculation (Annual Costs)

Wastewater monitoring (sampling, laboratory costs for pathogen detection, transport)

Number of  # per Number Total costs / average Minimum costs per year  Costs Maximum per
pathogens week WWTPs per year year
Scenario extraordinary 5 6 100 CHF 8’580’000.00 CHF 77176°000.00 CHF 97984°000.00
Gene sequencing from wastewater monitoring

Pathogen # pro Number Total costs / average Minimum costs per year  Costs Maximum per

Woche WWTPs per year year
Gene sequencing from reporting system

Pathogen # pro Number Total costs / average Minimum costs per year  Costs Maximum per

Woche WWTPs per year year

Data Analysis & Interpretation for Measures Ordinance

Erreger # pro Number Total costs / average Minimum costs per year Costs Maximum per
Woche WWTPs per year year
Scenario normal pre-pandemic, post- N/A N/A N/A CHF 450’000.00 CHF 450°000.00 CHF 450’000.00
pandemic and exceptional
Scenario expansion (extraordinary) N/A N/A N/A CHF 450’000.00 CHF 450°000.00 CHF 450’000.00
SPSP (operating costs) N/A N/A N/A CHF 241°750.00 CHF 183°500.00 CHF 300’000.00
SPSP (one-off removal costs) N/A N/A N/A CHF 230’500.00 CHF 161°000.00 CHF 300’000.00
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