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INTRODUCTION

With the global increase in population
density, urbanisation, and global travel and
trade, the threat of widespread outbreaks
of infectious diseases has increased relent-
lessly,' as evidenced by recent examples of
COVID-19 and Ebola. Further, although the
mostimportant causes of death shifted to non-
communicable diseases, in some poorer parts
of the world, communicable diseases remain
the most important cause of death.” Crucial
in the prevention of and reaction to these
threats is early detection, which demands an
infectious disease surveillance system that
can signal unusual events. How to set up and
improve surveillance and how to prioritise
investments are questions that need input
from different scientific disciplines. Here, we
focus on some economic considerations.

THE BENEFITS OF IMPROVING DISEASE
SURVEILLANCE

The best recognised purpose of disease surveil-
lance is the (early) detection of epidemics
and other health threats. New diagnostic tools
such as unbiased and targeted nextgeneration
sequencing (NGS) are being explored as
options to improve surveillance as these allow
to determine causes of unexplained disease
outbreaks, trace and link sources of disease
transmission, and facilitate a better under-
standing of how viruses and bacteria pass from
animal to humans. With NGS, the same plat-
forms and sometimes even the same protocols
can be used for the analysis of viruses, bacteria,
genes and parasites with the potential for cost
saving through economies of scale (economies
of scale occur when the costs per unit decrease
when produced quantities increase, as total costs
can be divided among more units), improving
its affordability also for lower income coun-
tries.” * As most emerging infectious diseases
are zoonotic, further improvements could
come from incorporating concepts from ‘One
Health’, integrating capacities across human and
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» The threat of new emerging infectious diseases de-
mands improvements in infectious disease surveil-
lance, which crucially depends on (real-time) data
sharing and new technologies.

» Infectious disease surveillance can be typified as
global public good, and related important obstacles
are financing and removing barriers for producing
and sharing information.

» Public financing and provision are important to en-
able cost-effective disease surveillance, since oth-
erwise optimal levels for society are unlikely to be
reached.

» Additional investments in infectious disease sur-
veillance are preferably based on sound economic
evaluations considering the specific characteristics
of infectious disease surveillance, however, a frame-
work for cost-effectiveness analyses capturing the
specific characteristics is yet non-existent.

animal health sectors. In general, sharing data
in a timely manner, both within and between
sectors and countries, is expected to greatly
enhance and accelerate the understanding of
diseases and their patterning and reduce unit
costs. Improved collaboration and data sharing
could further help to reduce barriers for the
adaption of new technologies through reducing
current human capital constraints. For instance,
limited access to the specific expertise is an
important barrier for the adoption of technol-
ogies such as NGS for various countries.” A last
example of how surveillance could be improved
is by limiting current workforce constraints.
This was evidenced during the COVID-19
pandemic where, for instance, testing capac-
ities were falling short at some points. Indeed,
many of such improvements could also improve
the effectiveness and efficiency of healthcare
systems in general.®”

INCENTIVES FOR RESEARCH AND DATA SHARING

Currently, there are limited incentives and
a lack of appropriate infrastructure for data
sharing, which requires a clear governance
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structure that ensures a balance between privacy and
access and adheres to (inter)national ethical and legal
requirements. Solutions have been proposed for many
of the issues limiting timely sharing of data in genomics
research.” An example of an initiative to enhance data
sharing is the model for improving disease surveillance set
by the Collaborative Management Platform for detection
and Analyses of (Re-)emerging and foodborne outbreaks
(COMPARE) and its sequel Versatile Emerging infec-
tious disease Observator (VEO) (https://www.compare-
europe.eu; https://www.compare-europe.eu/VEO). The
project aims to develop a global platform for sharing and
analysing NGS data that are customisable so groups of
users can share data rapidly when needed while retaining
ownership.”

FINANCING DISEASE SURVEILLANCE AND THE ‘GLOBAL PUBLIC
GOOD’ CONCEPT

Hossain and colleagues® found that low-income and
middle-income countries spend an annual median of
$0.04 per capita on vaccine-preventable disease surveil-
lance. The Organization for Economic Cooperation
and Development provides estimates of spending on
epidemiological surveillance and risk and disease
control programmes for 2018 ranging from 0.002%
(Luxembourg) to 0.9% (Switzerland) of total healthcare
expenditures. Recent research on the willingness to pay
for surveillance in the EU found that, on average, people
are willing to spend €264/year, which roughly translates
into 5% of total health spending.’ Based on this, it could
be argued that within the EU currently too little is spent
on disease surveillance.

An important characteristic of surveillance and
interventions around infectious diseases is externali-
ties, outcomes beyond the scope of those pursuing the
activity. (That is, preventing the spread in one country
may also prevent the spread to other countries. Although
externalities might be an opportunity for collabora-
tion, the risk is that actors consider only their own costs
and benefits, leading to underprovision of surveillance
activities). Public goods are a special case where exter-
nalities exist and goods are non-rivalrous and non-
excludable. Infectious disease surveillance is sometimes
described as a (global) public good (eg, people cannot
be excluded from benefiting from a reduction in risk of
infectious disease when its incidence is reduced (non-
excludability), and one person benefiting from this
reduction does not prevent anyone else from benefiting
as well (non-rivalry)).'" Although the purity of the public
good characteristics can be questioned,'’ the concept
can be useful to promote and justify public interference
and funding. Non-excludability and thereby inability to
demand payment eliminates commercial incentives for
producing public goods in the private market. Conse-
quently, the market fails to provide quantities optimal
for society: an argument for governmental interference
and financing. As no global government exists, global

public goods are often financed by international organi-
sations, national governments or transnational corpora-
tions."" Such organisation of governmental and donor
financing is a complex task, which requires attention
for, among others, constraints related to fragmented
financing within and across sectors and governmental
levels.'?

Investments in surveillance in developing countries
are often initiated as development aid. From the global
public good perspective, however, one could argue that
financing by more developed countries is actually in
those countries’ own interest. (One of the difficulties,
however, is that countries typically have different priority
diseases and thereby different surveillance priorities due
to the various threats to different population groups.
Where rich countries may fear the importation of new
viruses, poor countries suffer from common infections
which give rise to diarrhoea and respiratory diseases.
Improved affordability of newer catch-all tools that can
provide diagnosis for most common diseases and rule out
emerging diseases would reduce these differences and
stimulate international collaboration.) A recent example
is the Access to COVID-19 Tools Accelerator (https://
www.who.int/initiatives/act-accelerator), a global collab-
oration to produce and provide equitable access to tests,
treatments and vaccines against COVID-19, which initially
aids poorer countries though eventually helps to protect
the entire world. Morton and colleagues addressed this
perspective in a model based on which could be decided
how development aid in global health should be spent.'?
However, absence of hard evidence on cost-effectiveness
of disease surveillance complicates the use of such analyt-
ical models.

Box 1 The economic evaluation of PulseNet

PulseNet is a surveillance system designed to identify and facilitate
investigation of foodborne illness outbreaks. This molecular subtyping
network of public health and food regulatory agency laboratories
provides stakeholders information to improve decision-making and
provides powerful incentives for the industry. It furthermore enhances
the focus of regulatory agencies and limits the impact of outbreaks.
The health and economic impacts associated with PulseNet were
studied in an economic evaluation.?’ Effectiveness was measured as
a reduction of reported illness due to improved information, enhanced
accountability of the industry and more rapid recalls. Economic costs
comprised programmes costs and medical costs and productivity
costs averted due to reduced illness. Based on data collected between
1994 and 2009, it was estimated that the system reduced the
number of illnesses from Salmonella by 266 522, from Escherichia
coli (E. coli) by 9489, and from Listeria monocytogenes by 56. This
reduced medical and productivity costs by $507 million. Direct effects
from improved recalls additionally reduced illnesses from E. coli by
2819 and Salmonella by 16 994, which further reduced costs with
$37 million. Annual costs for PulseNet to public health agencies were
$7.3million, representing a more than fivefold return on investment.
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Box 2 Value of information and the closure of mink farms

We demonstrate the concept of value of information using a

recent example of with COVID-19-infected farmed minks in the
Netherlands.?' We perform a simplified analysis for a policy maker
facing the decision of whether to close the approximately 125 mink
farms.* Immediate permanent closure of a mink farm is assumed to
cost approximately €4 million per farm, based on earlier research.?
Not closing a farm while infected is assumed to cost €10 million,t a
combination of the monetary value of lost life-years after transmission
to humans and economic consequences in the industry. It is assumed
that 10%t of the farms is likely to be infected. With no further
information available the expected value of not closing a farm would
be -€1 million (10%*-€10 million). With the expected value of closing

a farm of -€4 million, the expected value of not closing the farm

would be higher (-€1 million> -€4 million) and that option would

be economically preferred. This is presented in the decision tree in
figure 1.  For 125 farms, this decision would lead to an expected loss
of €125 million.

Now, suppose sequencing and sequence analysis can be
introduced to trace the origin and transmission of the infection. With
this information and monitoring, it is possible to detect new cases
quickly and monitor actual statuses in the farms. This would enable
a policy maker to close only farms that are infected or where there
is high risk of infection. In that situation, only 10% of the farms
will be closed with an expected loss of €50 million. The value of
perfect information is the expected value with perfect information
(-€50 million) minus the expected value with only probabilistic
information (-€125 million), which is €75 million. A policy maker
would be willing to pay a maximum of €75 million for sequencing and
sequence analysis in this scenario.

In this example, we made assumptions on (among others) the
values of input parameters. In real life decision-making, however,
there is often uncertainty about the value of these parameters, which
can be demonstrated through various types of sensitivity analyses.

In figure 2, we show simple example of a sensitivity analysis, where
we present the expected value of perfect information (and thereby
investment in sequencing) for different values of the probability of
infection, costs of closing a farm and infection in an open farm, where
we use earlier presented numbers for the base case and the highest
and lowest values as presented in the figure.t

*We assume closed farms will not reopen since permanent closure of mink
farms is planned for 2024.

TThese numbers are hypothetical and generated solely to illustrate the
principle of value of information in the context of infectious diseases.
$Decision tree was prepared with freeware Silver decisions from the website
(http://silverdecisions.pl/SilverDecisions.html?lang=en).

THE COST-EFFECTIVENESS OF DISEASE SURVEILLANCE

Methods of economic evaluation have been applied in
cost-effectiveness of clinical interventions with a clear
link between costs of an intervention and health bene-
fits of the target patient group.' Such evaluations are
more complex in case of surveillance systems. In general,
surveillance results in health improvements only when
combined with other programmes as effective policy
responses require a well-functioning health system and
intragovernmental coordination. In case of health-
care emergencies, outbreaks further not only influence
human health, health spending and labour market

participation but also general security, animal health,
and have broader disruptive effects on international
trade and tourism. Furthermore, behavioural responses
with respect to policies play a crucial role, making
outcomes less predictable.”” Some issues regarding cost
estimation are that costs from detected cases (including
false positives) should be considered and that costs for
the development of incentive structures for data sharing
and facilitation of data sharing can be difficult to quan-
tify and attribute to separate surveillance systems and
activities. The latter relates to seeking an optimal balance
between funding disease-specific (vertical) interventions
and (horizontal) health system strengthening. Models
were built (eg, previous works’ '°) to address this, which
take into account that investments in health systems will
increase benefits of other programmes.

Another bottleneck is the absence of a methodolog-
ical framework capturing the unique characteristics of
surveillance. Earlier estimates of costs of surveillance and
response activities were mainly restricted to predefined
preparedness or response activities for endemic diseases
and single pathogen models (see box 1 for an example).

Uncertainty is an important characteristic of infec-
tious diseases that should be considered in evaluations,
for instance, by using the ‘value of information’ and
‘real option’ concepts. Value of information focuses on
uncertainty surrounding decisions and the role addi-
tional information can play in reducing uncertainty.'” In
box 2, we explain this concept using an example. The
example shows how information can aid policy makers
to optimise outcomes, which we partly illustrate using a
decision tree (figure 1) and simplified sensitivity analysis
(figure 2), though also reveals other practical difficulties
as how to get the industry to cooperate and how to divide
the burden and consequences. Pooling of risks through
insurance could be an option here. Although incentives
for prevention and control in the market will be limited
when it is known that potential losses will be reimbursed,
such moral hazard is inherent to insurance and options
to limit this, such as the deductible, can be applied. The
real option approach focuses on the dynamic character
of uncertainty by valuing the option to postpone an
investment provided that some initial investment is made
to ensure such options are available.'® This is important
in the case of disease surveillance as appropriate timing
of information provision and other actions is crucial.

Other issues in the context of economic evaluations of
surveillance are the choice of the appropriate perspective

-€4,000,000
0.00

Infected
-€10,000,000 0.10

Closure

-€4,000,000 0.00

-€10,000,000
0.10

Not infected €0

€0 0.90 0.90

-€1,000,000

No closure

-€1,000,000

Figure 1 Decision tree.
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Figure 2 Sensitivity analysis.

and decision rules. (Two main perspectives used are the
healthcare perspective (where only costs and benefits,
the latter typically quantified in quality-adjusted life years
(QALYs), within the healthcare sector are considered
relevant) and the societal perspective (where all costs and
benefits in society are considered).) A societal perspective
appears to be most appropriate, recognising the broad
impact of disease surveillance and facilitating compar-
isons across interventions (both in different sectors).
Obtaining the value or decision rules for investments in
surveillance is complex. In terms of the value of health,
a recent review indicated an average value of a QALY of
around €75000." This figure only captures the value of
health gains, and furthermore requires health gains to
be specified in QALYs to be useful. The aforementioned
study covering several countries within the EU into the
valuation of an improved surveillance system indicated
an average willingness to pay of around €22/month per
household.” Figures like this suggest that truly effective
surveillance systems may well offer value for money from
a societal perspective, given the broad range of benefits
they potentially offer.

CONCLUSION

The threat of new emerging infectious diseases creates
a need to continuously improve disease surveillance
systems to prevent and control outbreaks. The key mech-
anism by which surveillance creates value is by producing
information. Generally, the cost of sharing information is
much less than the cost of producing it, and so from an
economic point of view, itis desirable to share information
as widely as possible. Unfortunately, incentive structures
to ensure the production of information typically hinder
sharing—as once information is shared, it is harder for
the generator to capture the value for himself. Reward
and regulatory mechanisms are critical to the creation
and diffusion of innovative technologies for surveillance,
and for the optimal use of the information which these
products will generate. Economists have experience with
such mechanisms in other settings and could contribute
to the design of such mechanisms for surveillance tech-
nologies such as NGS. Considering substantial positive
externalities of disease surveillance, market failure and

consequently underprovision are likely. Hence, we argue
for public interference in surveillance. The extent of
such public involvement is an important area for further
research; however, public financing and provision in
itself is presumably required to enable cost-effective
disease surveillance, since otherwise optimal levels for
society are unlikely to be reached. Higher prevalence and
burden of infectious diseases in low-income and middle-
income countries, combined with less financial resources
available for disease surveillance in these countries,
furthermore demand financial support by higher-income
countries. Additionally, considering current spending on
surveillance, there is potential for substantial additional
investments. For optimal use of scarce resources, further
investments are preferably based on sound economic
evaluations. Assessing cost-effectiveness of disease surveil-
lance not only requires estimates of costs and effective-
ness, which are difficult to estimate, but also a different
analytical framework, which is yet non-existent. We high-
lighted methods, which, together with current practice
of economic evaluation of individual interventions, could
form the basis of such a framework.
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