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ABSTRACT
When this work was initiated the infectious disease surveillance systems available
to public health authorities in Sweden and elsewhere were not providing continuously
updated information on individuals stricken by disease unless the individuals sought
health care or considerable field work was undertaken. However, continuous
information on the incidence, regardless of health care seeking behaviour, is vital when
estimating the case fatality rate and societal impact of a disease, and when comparing
surveillance results between countries and over time. Furthermore, surveillance that
relies on health care may be severely compromised in major emergencies.
In 2007 we therefore created a population-based surveillance system that relies on
passive surveillance by participants from a random sample of the general population
who self-report via an automated telephone service or via the Internet. We chose to
initially focus the surveillance on influenza and influenza-like illness and during the
experimental phase the effort was confined to Stockholm County, Sweden.
We then proceeded to evaluate the surveillance system and its methods, in order to
further develop the methods for population-based surveillance of influenza.
In Paper I we focused on the participation rates and choices of reporting
technologies. We found that both the telephone and web were utilized, and that choice
of technology did not affect the reporting. We also found that the surveillance cohort
was affected by selection, which should be possible to adjust for to some extent since
the surveillance recruits participants with random sampling.
In Paper II we focused on the self-reporting. Two validation studies during two
influenza seasons and a retrospective questionnaire showed that although the reporting
was lacking in sensitivity it exhibited high specificity, and the validity measures were
constant over time. Therefore the results could be adjusted for the low sensitivity. The
surveillance results also compared well to sentinel surveillance in terms of shape of the
epidemic curve. The adjusted influenza-like illness (ILI) incidence yielded by the
population-based surveillance data was almost one order of magnitude higher than the
weekly incidence proportion of ILI consultations calculated from the Swedish sentinel
data, suggesting that the population-based surveillance captured a larger portion of the
total incidence.
In Paper III and IV we explored whether the population-based surveillance system
could collect data that could be applied in analytical cohort studies of risk factors for
disease. We focused on the effect of layman-defined hand-washing on acute respiratory
tract infection (ARI) incidence, and on the effect of child contacts outside the
household on ARI incidence in adults. We found that increased frequency of handwashing, as the layman perceives it, beyond 4 times daily may have little protective
effect on ARI and that reducing outside household child contacts may reduce the risk of
ARI but only if the individual has few contacts overall.
Overall the methods we applied in our population-based surveillance system can
produce next-to-real-time estimates of the incidence in the population - without
requiring health care seeking or considerable field work, and the surveillance system
also renders itself quite well to analytic studies of relevant public health measures, even
in connection with a pandemic. Our work also implies that although accuracy and
completeness are not absolute requirements for surveillance, in the development of
surveillance methods much can be gained by studying these characteristics.
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1 INTRODUCTION
This thesis is essentially a work in the research field of surveillance, in particular
infectious disease surveillance. Below you find a short introduction to some of the most
important characteristics of infectious disease surveillance followed by a brief
introduction to what this thesis in particular is about and how it is structured.
1.1

INFECTIOUS DISEASE SURVEILLANCE

Although the general public seems to have a keen interest in infectious diseases
and outbreaks, infectious disease surveillance seems to be a less well known
phenomenon of comparatively unknown importance. Recently this has changed a little,
and now many people seem to be well aware of googleflutrends. However, this is not
the only form of surveillance and it does not provide all the answers needed to protect
public health.
To provide adequate public health protection disease surveillance is a necessity.
Without surveillance public health professionals would have to make educated guesses
and base their data on what they are aware of in their surroundings, much like the
statement above that referred to that ”many people” have become aware of
surveillance. However, the conclusions based on a health professional’s impressions of
the people immediately surrounding him/her may be wrong since those in his/her
immediate surrounding may differ from the general public, it may be difficult to assess
if a change has occurred if the factor, e.g. knowledge about surveillance, has not been
previously assessed, and if details on the actual number of people who exhibited the
factor has not been collected. To know what is going on and if changes occur,
systematic continuous surveillance is needed.
Furthermore, to continue with the example of knowledge about surveillance, this
type of knowledge does not change too much over time, so perhaps it would have been
enough to collect data once every second year to follow how it has changed over time.
If we instead consider infectious disease, time becomes of the essence. Infectious
disease occurrence can change quickly and therefore requires timely systematic
continuous surveillance to provide data for action for public health authorities.
1.2

OUR WORK IN THE CONTEXT OF INFECTIOUS DISEASE
SURVEILLANCE

The idea of carrying out infectious disease surveillance is in itself not new.
Currently there are several different types of infectious disease surveillance that can
capture several different infectious diseases. However, there are important gaps of
information that cannot be filled by the surveillance methods at hand.
It was the realization that the surveillance systems available to us were missing
vital information that compelled us to develop a new form of population-based
surveillance. As part of the development process, we created “Sjukrapport” a
population-based surveillance and introduced it to the Stockholm public in 2007. Not
content to merely create a new surveillance system and ascribe different abilities to it,
we wanted to evaluate the system and its methods, and optimize them. And that became
the aim of this thesis.
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1.3

THE STRUCTURE OF THE THESIS

On the following pages I will describe infectious disease surveillance in general,
the reasons for developing methods for population-based surveillance, the new
surveillance method that was created by us and the rationale for choosing its specific
surveillance objective; I will present some methodological challenges we were faced
with, the specific objectives of our work, how we tackled them, and the resulting
findings, including indirect observations; I will also discuss the findings, the strengths
and weaknesses of the population-based surveillance system and our work; I then
present the conclusions, the overall results and implications of our results; and finally I
will point towards areas of research that would be interesting to explore further.

2

2 SURVEILLANCE
Although this work focuses on infectious disease surveillance, it is not wholly without
merit to at least initially provide a definition of surveillance in general and the motives
for carrying out surveillance, before concentrating on different types of infectious
disease surveillance. This section of the thesis therefore starts with a general take on
surveillance, and then focuses on infectious disease surveillance and what the different
types of surveillance were missing in Sweden and elsewhere.
2.1

WHAT IS SURVEILLANCE?

The word surveillance may give the impression of a fairly straightforward term
with a clear meaning. On closer inspection though, it soon becomes clear that there is
room for misunderstandings. Therefore this section aims at giving a definition of
surveillance and contrasting it to other terms with which surveillance is sometimes
confused.
Surveillance in general has been defined many times and the definitions are often
similar with minor differences (1-3). One of the more appealing definitions is that by
Buehler: “People who manage programs to prevent or control specific diseases need
reliable information about the status of those diseases or their antecedents in the
populations they serve. The process that is used to collect, manage, analyze, interpret,
and report this information is called surveillance.” (2).
The different definitions of surveillance are oftentimes also followed by remarks
to the effect that, for surveillance accuracy and completeness of data are not an absolute
necessity, instead timeliness and practicality are prioritized (1, 2). Furthermore an
important aspect of surveillance is that it is ongoing. The continuous ongoing work in
combination with an emphasis on timeliness rather than accuracy and completeness
distinguishes surveillance from studies (2). Studies, unlike surveillance, tend to be
carried out for a limited time period and the methods applied are often chosen based on
the ability to produce accurate and complete data.
Another term that is sometimes used as a synonym for carrying out surveillance
is monitoring. However, even though the definition of monitoring is to some extent
similar to surveillance it is not identical. Monitoring is an activity in-between
surveillance and a study in that it aims at reflecting a trend over time and does not
require accuracy, yet is not a continuously ongoing activity (1). Monitoring can e.g. be
a succession of surveys carried out at regular intervals.
At times the boundaries of surveillance are not distinct and therefore this work
also includes descriptions of monitoring activities, although this is discussed when
mentioned. Overall though, this work focuses on surveillance, and in particular on
infectious disease surveillance.
2.2

WHY CARRY OUT SURVEILLANCE?

Surveillance i.e. ongoing timely collection, management, analysis, interpretation
and reporting of disease data is necessary for a number of reasons: to follow trends,
assess the impact of a disease on a population, design and plan preventive measures
adapted to the population at risk, evaluate the effects of preventive measures, and to
detect outbreaks of disease (2).
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The surveillance tasks are manifold and the diseases that are put under
surveillance differ in their characteristics. Over time several different types of
surveillance have been developed, and depending on the aim and the disease, one or the
other type of surveillance may be more suitable. Moreover, a combination of the data
produced by different types of surveillance can sometimes give a more accurate
assessment of the situation.
On the following pages some of the different infectious disease surveillance types
are described.
2.3

TYPES OF SURVEILLANCE

Based on the data collection process there are several different types of infectious
disease surveillance. To facilitate discussion of the surveillance it may be helpful to
divide the surveillance into two categories depending on how the data are collected:
• health care-based surveillance with the subcategories clinician and nonclinician-based surveillance
• non-health-care-based surveillance.
However, some of the different types of surveillance may belong to more than one
category (Table 1).
Health care-based surveillance
Clinician-based
Notifiable disease
surveillance
Laboratory surveillance

Non-Clinicianbased
Syndromic
surveillance

Sentinel surveillance
Serological surveillance
Doctors
Patient and death registers

Non-health-care-based
surveillance

Syndromic surveillance
Active surveillance of self-recruited
groups
Population-based surveillance

Table 1. Infectious disease surveillance categorized as health care-based and non-health-care-based
surveillance.

In this work I will describe some of the surveillance types most relevant for
infectious disease surveillance and influenza in particular. The health care and
clinician-based surveillance is covered first, followed by syndromic surveillance, which
can fall into different categories depending on its design, and finally I describe the
surveillance types that fall under the category non-health-care-based surveillance. Each
surveillance type is introduced in general and then put it in a Swedish context.
2.3.1 Health care-based surveillance
Health care-based surveillance is here defined as surveillance where data
collection occurs at the level of a health care unit. In this work a health care unit can be
a helpline staffed by nurses, a General Practitioner (GP) practice, or a hospital, and in
continuation laboratories. Health care-based surveillance can further be clinician-based,
i.e. rely on the assessment made by a clinician, or not. Laboratory surveillance is
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included among the clinician-based surveillance since specimen collection, with few
exceptions, are initiated by the clinician after an initial assessment of the situation.
2.3.1.1 Notifiable disease
Notifiable disease surveillance is a health care-based form of surveillance that
requires cases of a certain set of diseases to, according to law, be reported to the
authorities (2). This type of surveillance usually involves the clinicians that diagnose or
suspect a case of the disease, and laboratories that e.g. detect a specific infectious agent.
Notifiable disease surveillance is especially useful for rare and severe diseases
that cause the afflicted to seek health care, but has limited applicability for diseases
with high incidence and a mild and self-limiting course.
In Sweden there are currently 58 notifiable disease entities that according to law
must be reported to the Swedish Institute for Communicable Disease Control (SMI)
and the County Medical Officers of Communicable Disease Control (4, 5).
Furthermore such a report must be submitted without delay. These days, a report can be
quickly submitted through the web-based notification system (6), but occasional paper
notifications are still submitted. The surveillance data are regularly presented in
aggregated format on the SMI website (http://smi.se/statistik/).
The Swedish notifiable disease surveillance can also be adapted to incorporate
newly emerged infectious agents. For example, although seasonal influenza is not a
notifiable disease, influenza subtypes with pandemic potential can be made notifiable.
A recent example of a newly emerged subtype of influenza that became notifiable is
influenza A H1N1pdm09 (7). Currently all cases with influenza A H1N1pdm09 that
have been hospitalized and are laboratory confirmed are notifiable, and laboratories are
required to report all cases that have been laboratory confirmed.
2.3.1.2 Laboratory reporting
Another form of health care-based surveillance is laboratory surveillance.
Although laboratories may be required by law to notify the authorities when they detect
certain infectious agents, there may be other infectious agents, not notifiable by law,
that they detect and report to the authorities. This can be referred to as laboratory
reporting or voluntary laboratory reporting. An example of a disease that can be subject
to surveillance with laboratory reporting is influenza. For influenza there is also an
international laboratory collaboration that aims at detecting changes in the influenza
virus to inform vaccine recommendations (8).
An advantage of laboratory reporting surveillance is that this type of surveillance
may allow the detection of changes to the infectious agent, including its antiviral or
antibiotic resistance patterns. Furthermore, if the detected infectious disease agent is the
cause of the disease it provides a diagnosis. A disadvantage is that an afflicted
individual has to contact health care, a specimen has to be taken, the specimen has to
reach a voluntarily reporting laboratory, the infectious agent has to be detected and a
report of the finding has to be sent to the surveillance administrators. All these
prerequisites have to be fulfilled in order for laboratory surveillance to detect a case.
The weakest link in this chain of events is presumably the health care seeking.
There are several infectious agents that, although not notifiable, are reported to
SMI on a voluntary basis by laboratories in Sweden, e.g. calicivirus, respiratory
syncytial virus (RSV) and influenza (9). In the case of influenza the laboratories also
5

send samples for characterization to SMI, and SMI in turn submits results of the
surveillance to the European Centre for Disease Prevention and Control (ECDC) (10).
The aggregated results of the laboratory reporting are presented weekly on the SMI
website. (http://smi.se/publikationer/veckorapporter/influensarapporter/senaste/)
2.3.1.3 Sentinel surveillance
Whereas notifiable disease surveillance is a comprehensive form of health carebased surveillance in which all health care units are required to report certain diseases,
sentinel surveillance is based on non-comprehensive surveillance. Sentinel surveillance
is carried out by a selection of health care units, e.g. GPs , who report regularly how
many patients they have seen that correspond to a case definition (8). Sometimes
sentinel surveillance also involves specimen collection from the patients. The reported
data is collected centrally, and then reported to relevant stakeholders.
An advantage of sentinel surveillance is that, without involving every GP in the
area under surveillance, sentinel surveillance can reflect the general tendency (8). This
is especially useful for the surveillance of a disease with a comparatively high
incidence which would overtax the health care system if the disease were notifiable
according to law.
In Sweden sentinel surveillance of influenza was started in 1999 by SMI (11).
The Swedish sentinel surveillance is composed of GPs who on a weekly basis report
the number of cases with influenza-like illness (ILI) that have consulted them. As a
denominator the GPs report their total number of patient visits. In 2006/2007 SMI also
started with specimen collection according to a scheme similar to sentinel surveillance
(12), and it has been conducted regularly since then. In Sweden the health care
providers who submit data to the sentinel reporting are not always equivalent to those
who submit specimens. Furthermore, whereas sentinel reporting is carried out by GPs,
sentinel specimen collection is also performed by e.g. paediatricians, and whereas
reports are not reimbursed specimens are. Additionally, sentinel specimen collection is
only carried out on a maximum of five symptomatic patients per week and sentinel
unit. Another noteworthy difference between the two sentinel systems is that originally
the instructions for sentinel specimen collection directed the units to collect specimens
from patients with acute respiratory tract infection (ARI) so as not to miss a case of
influenza that did not exhibit typical influenza symptoms.
Although sentinel surveillance has become an integral part of the surveillance of
influenza, the recruitment of GPs for sentinel surveillance has been challenging in
Sweden. Furthermore, Swedes do not see their GP very often, in 2006, on average less
than two times per year (13). Nonetheless, sentinel surveillance is carried out and could
potentially detect the first cases of influenza including its virological characteristics,
and could reflect the number of cases with ILI that are seen by a GP.
The sentinel surveillance results are published weekly on the SMI website
(http://smi.se/publikationer/veckorapporter/influensarapporter/senaste/). Like several of
the European countries Sweden also submits its results from the sentinel surveillance to
the ECDC (14). ECDC in turn regularly publishes the results of the amassed data on its
website.
(http://ecdc.europa.eu/en/publications/surveillance_reports/influenza/Pages/weekly_infl
uenza_surveillance_overview.aspx)
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2.3.1.4 Serological surveillance
Serological surveillance for infectious disease means the detection of antibodies
against infectious agents and it entails collection of samples from the population. In fact
though, serological surveillance is rather used as a means to monitor impact of, or
protection from, infection (8).
The collection of the necessary samples can be time and resource consuming, and
this may be one of the reasons that serological surveillance is not generally used as an
ongoing form of data collection i.e. true surveillance. Furthermore, surveillance using
serological surveys can be complicated to interpret because, although the antibody
pattern changes over time when infected by an infectious agent, it is, e.g. in the case of
influenza, complicated to date when the infection occurred. Unless samples are taken at
regular short intervals of time from the same individuals it can be difficult to interpret
the results attained with the help of serological samples. Two other problems with the
interpretation are that an infectious agent or immunization does not always elicit a
detectable serological conversion, and a serology result indicating that the person has
encountered an infectious agent is not equivalent to the person having experienced
symptoms of the disease (3).
Serological surveillance, or perhaps better put, monitoring, has been carried out
by SMI in Sweden for e.g. influenza in connection with the influenza pandemic in 2009
(7).
2.3.1.5 Doctors
Another health care-based information source, though perhaps not generally
thought of as a type of surveillance, is doctors who when seeing their patients may react
to changes in the pattern of patients they see, or detect new diseases (2). If the doctors
report these extraordinary observations to the relevant authorities this may constitute
the first signal of a new disease or outbreak that requires prevention measures. This
form of surveillance may be regarded as included under notifiable diseases, but since it
is sometimes not evident in the beginning of the emergence of a new disease that it is
an infectious disease, this is here discussed as a separate entity.
The problem with extraordinary event reporting by health care personnel as a
form of surveillance is that it depends on single individuals and may fail to detect
changes in disease occurrence that is spread over more than one uptake area (2).
In Sweden we have a recent example of a doctor who alerted the authorities to an
increase in the number of patients seen by him over a limited period of time with a
particular disease. The patients were diagnosed with narcolepsy after having been
immunized with vaccine against the pandemic influenza (15).
2.3.1.6 Patient and cause of death registers
Health care-based surveillance can also include the comprehensive collection of
data on health care utilization, diagnoses and deaths in registers other than the already
mentioned surveillance systems.
Because the reporting to these registers generally suffers from delays, the
registers are generally not suitable for infectious disease surveillance. They can still be
used to monitor disease over larger periods of time, but with some delay and with the
reservation that hospitalizations and deaths will only reflect the severe cases. Another
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disadvantage from the point of influenza surveillance is that it seems as though not all
patients who are found to have influenza actually receive the diagnosis (16).
In Sweden the National Patient Register and the Cause of Death Register are kept
at the National Board of Health and Welfare. The patient register mainly consists of
inpatient data. Some outpatient data is also collected, but the quality of the outpatient
data is lacking according to the National Board of Health and Welfare (17). Aggregated
data can be accessed on the National Board of Health and Welfare website.
2.3.2 Non-health-care-based surveillance
Non-health-care-based surveillance is here defined as surveillance of the
population where data collection does not rely on the health care system. The
boundaries are not always distinct and so e.g. syndromic surveillance could arguably
belong to both health care-based and non-health-care-based surveillance. On the other
hand, sometimes the data collection occurs completely independent of the health care
system as is the case in active surveillance of self-recruited groups and populationbased surveillance.
2.3.2.1 Syndromic surveillance
Syndromic surveillance is a type of surveillance that aims at early outbreak
detection and as a means to this end uses data that does not include a clinicians
diagnosis but rather data that signal the occurrence of disease (18). Examples of such
surveillance efforts are the surveillance of over-the-counter medication, school
absenteeism and searches on the Internet or calls to telephone helplines (19-22). Some
syndromic surveillance, e.g. that based on telephone helplines, can be classified as
health care-based since it relies on health care personnel resources.
The above definition of syndromic surveillance can be debated. It could be
argued that for example sentinel surveillance, which is largely based on the reporting of
syndromes, is a form of syndromic surveillance. However, since this thesis avails itself
of the above definition, syndromic surveillance in this thesis does not include e.g.
sentinel surveillance.
Some syndromic surveillance has the ability to function independently of the
health care system and this can be seen as an advantage of this type of surveillance.
Another advantage is that syndromic surveillance may also be able to provide baseline
data retrospectively. A disadvantage is that although syndromic surveillance collects
information about possible cases, it may have difficulties in providing descriptive
information about the cases, and eliciting additional information from the cases.
Between 1994/1995-2000/2001 SMI had, as part of its influenza surveillance,
syndromic surveillance aimed absenteeism from nursery schools, schools and work
places, but this was discontinued (23). In 2008/2009, one year after the development of
the method that this thesis is based on, syndromic surveillance aimed at influenza was
reinitiated at SMI. Since then, a surveillance system called “Webbsök” analyzes search
data entered on a web page for health guidance (24). The output from this syndromic
surveillance is published weekly on the SMI website
(http://smi.se/publikationer/veckorapporter/webbsok/).

8

2.3.2.2 Active surveillance of self-recruited groups
A clear example of non-health-care-based surveillance is active surveillance in
self-recruited groups, which has been attempted by several stakeholders. Recruitment is
carried out by alerting the public to the surveillance system in a non-random manner,
e.g. via friends, media, a company or an employer or an Internet site. After having
joined the surveillance the participants are regularly prompted to answer questions
about their health. While the work described in this thesis was carried out several
attempts at active surveillance in self-recruited groups have been described in scientific
journals (25-27).
Advantages of this type of surveillance include that it is independent of the health
care system, generates regularly updated information on both the number of cases and
the denominator for incidence calculation. Disadvantages include delays in the
reporting of disease incurred by the active surveillance, i.e. the regular questionnaires
sent to the participants, and the not inconsiderable risk of selection bias.
Several years after the work of this thesis was initiated active surveillance of selfrecruited groups was introduced in Sweden. Since 2011, a system called
“Influensakoll” has been run in Sweden by SMI. That work is part of a European effort
to evaluate a surveillance system for active surveillance of self-recruited groups
originating from the Netherlands (28). In Sweden recruitment to this system relies
primarily on media attention and specific organizations informing interested parties,
although there have also been occasional County Medical Officers of Communicable
Disease Control who have conducted special recruitment efforts. The aggregated data is
published on the study website (www.influensakoll.se).
2.3.2.3 Population-based surveillance
Finally, there is a type of non-health-care-based surveillance called populationbased surveillance. The term population-based can be defined as “Pertaining to a
general population defined by geopolitical boundaries; this population is the
denominator and/or the sampling frame.” (1). As a consequence in this work the term
population-based means that the population under surveillance is based on random
sampling from the targeted general population and that the surveillance data are
collected directly from the sampled individuals that have been recruited for the
surveillance.
Advantages of this type of surveillance include that it does not require the
potential participant to seek health care, nor to self-recruit to be included in the
surveillance. Disadvantages include that it can be labour intensive, costly to carry out,
and difficult to recruit the sampled individuals.
Although Sweden at the time of the initiation of our work did not have
population-based surveillance it is possible to find attempts at population-based
surveillance that were ongoing in other parts of the world at the time (29, 30).
However, the identified population-based surveillance systems rely on regular visits by
field workers. This renders the population-based surveillance vulnerable to the field
workers’ preconceptions, reduced timeliness, and considerable costs in a country such
as Sweden.
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2.3.3 What is missing?
When we started our work in 2007 there were the following surveillance systems
in place in Sweden: notifiable disease surveillance, laboratory surveillance, sentinel
surveillance, and patient and death registers, and these could be supplemented by what
doctors noticed and serological monitoring. To us it was obvious that unless all cases
with an infectious disease sought health care, we were not able to assess how many
were stricken by disease. One way of illustrating the problem is a pyramid where those
captured by surveillance are marked in a grey colour, and those not captured are
marked with a white colour (Figure 1). From the illustration it transpires that the base
of the pyramid is not captured since the traditional health care-based surveillance does
not capture those that do not seek health care, and therefore we do not know the
proportion of ill and healthy individuals among them.

Figure 1. A surveillance and population pyramid showing the different stages that traditional health carebased surveillance captures (the grey areas), and the part of the population that is not covered (the white
areas). Note that the proportion of ill and healthy individuals among those that do not seek health care
are in reality unknown.

2.3.4 The importance of the missing surveillance information
Even though we identified a gap not filled by the health care-based surveillance,
there remains the question whether this gap is important enough to start the
development of new methods. We identified the following five arguments for the
importance of non-health-care-based surveillance:
(1) The impact a disease has on the general population is important when there
is a need to gauge which public health measures are required. For example,
when calculating the case fatality rate, i.e. the proportion of cases with a
disease that die, the denominator is vital and the resulting estimate may well
determine the course of action in an outbreak. Without knowledge about the
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(2)

(3)

(4)

(5)

denominator, i.e. the number of cases of the disease, regardless of health
care seeking, case-fatality cannot be reliably estimated.
Even though a disease may be the cause of little mortality, when designing
public health measures it can be of interest to estimate the impact of the
disease on society, and not just on the health care system. The latter is an
aspect that is often of particular relevance in modelling of infectious
disease.
When assessing if there are specific risk groups by collecting descriptive
data on all ill cases, regardless of their health care seeking behaviour,
population-based surveillance may be useful.
On a larger scale, a surveillance system that covers the entire population,
rather than those seeking health care, is important when comparing
epidemiological data between populations with different health care seeking
behaviour. Even within a continent as small as Europe the health care
seeking behaviour differs between countries, making comparisons complex.
For example the average number of doctor consultations was 2.9; 5.1; 8.1;
13.0 per year, in Sweden, the United Kingdom, Spain and the Czech
Republic respectively in 2006 (31).
The surveillance could serve to increase preparedness for emergency
situations that require redirecting of resources within the health care system.
For example if very large outbreaks can be expected, then it may be unwise
to rely on health care-based surveillance since the health care system might
prioritize patients differently from when there is no outbreak, and patients
may be more inclined to seek care. The resulting surveillance may thereby
be compromised and comparisons to previous seasons even within the same
country may be misleading.

2.3.5 Choice of surveillance type to provide the information
We concluded that we had identified an important gap in the surveillance data
and as a consequence a surveillance type that could fill the gap had to be identified.
First of all, if everyone in the population sought their GP or another health care
outlet at all times when they experienced illness we could potentially estimate the
impact of an illness on the general population with sentinel and other health care-based
surveillance. However, in Sweden and other countries this scenario is unlikely. In
Sweden there are at least three obstacles to sentinel surveillance, of e.g. influenza; (1)
the health care seeking behaviour, (2) the health insurance system, and (3) the cost of a
GP visit. At the time the average number of GP visits per person in Sweden was 1.35
per year (2006) (13), a doctor’s sick note was only required after >7 days of absence
from work, a GP visit cost 100-150 SEK (32). These obstacles may be interrelated and
if removed could perhaps turn sentinel surveillance into the surveillance needed to
estimate the full impact of a disease. However, such changes are unlikely at present,
and if, despite that, they were enforced, the changes could be reversed at a later stage.
Therefore this type of surveillance might not provide the sought after information in a
long-term perspective.
Other surveillance systems that may measure the impact of disease are
serological surveillance and surveillance based on self-recruited groups that are
continuously asked about their symptoms. Serological surveillance could be helpful to
some extent but is labour intensive, difficult to carry out continuously, requires the
involvement of health care personnel, and perhaps more importantly may not reflect
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symptomatic illness. The self-recruited groups may be affected by selection which
cannot, without considerable assumptions, be adjusted for.
We therefore concluded that population-based surveillance is a necessity. Like
us, others have concluded that population-based surveillance is a necessity (33, 34), and
population-based surveillance systems that are in operation have been described (29,
30, 35). However, the identified population-based surveillance systems rely on regular
visits by field workers. The reliance on field workers renders the population-based
surveillance vulnerable to the field workers’ preconceptions and reduced timeliness.
Furthermore, in Sweden and likely elsewhere as well, the amount of field work
involved in these population-based surveillance systems would pose a fiscal problem.
We therefore set out to develop a new population-based surveillance method.
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3 THE SWEDISH POPULATION-BASED
SURVEILLANCE
This section describes the population-based surveillance system that we created. It
starts by describing how one of its main characteristics, passive surveillance, was
decided upon, and then goes on to describe recruitment, reporting technologies,
communication with participants, the surveillance input and output, drop out, additional
data collection, administration, and applicability.
3.1

PASSIVE SURVEILLANCE

The Swedish population-based surveillance is a form of passive surveillance.
Passive surveillance means that reports of disease are only submitted when the
participant is ill (8). When the participant does not report this should be possible to
interpret as the participant being well. A passive surveillance system is less of a burden
to the reporter but can leave the receiver of the information in doubt as to whether no
report was received because of good health, or because a report was forgotten or
impossible to submit. Another characteristic of passive surveillance is that it can
provide data in next-to-real-time since participants do not wait for a cue to report.
The choice of passive over active surveillance for the population-based
surveillance system we developed was made primarily based on three factors: (1) the
burden on the participant, (2) the need for timeliness, and (3) the reporting technologies
available to us. The first two factors are inherent to passive surveillance, but why the
available reporting technologies propelled us in the direction of passive surveillance
deserves further explanation.
For the surveillance to be as representative as possible we quite early on decided
that we should not let the Internet be the only mode for reporting disease to the
surveillance system, although the Internet penetration in Sweden was fairly high at the
time. Internet in the home was accessible for 78% of Swedes in the ages 16-75 years
(36). Despite this, we considered Short Message Service (SMS) and interactive voice
response (IVR), an automated telephone service, as additional reporting technologies.
However, neither SMS nor active contact via IVR was deemed to be the ideal reporting
technology to supplement the Internet reporting. In a previous study we had found that
data collection through SMS, although feasible, tended not to reach elderly (37).
During the same study we also tested IVR that actively contacted the participants on
their phone and elicited data from the participants via automated recorded voice
messages to which the participants responded by pressing digits. Unfortunately we
found that at the time active contact via IVR had too many faults to be an integrate part
of a surveillance system.
From a feasibility point of view we surmised that we could use e-mail and SMS
for active surveillance, i.e. regularly actively contact the participants, inquire about
their health and expect them to answer. However, we strongly suspected that SMS and
the Internet would exclude similar groups from the surveillance e.g. the elderly. We
therefore concluded that allowing non-SMS telephone reporting would at present be
essential in a population-based surveillance. However, the number of participants
needed rendered active surveillance via person-to-person telephone interviews
unfeasible for surveillance purposes, and active surveillance via IVR was deemed
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unreliable. Passive surveillance using IVR, i.e. the individuals phoning into an
automated telephone service and pressing digits in response to questions, was however
probably quite feasible.
So to achieve feasible, user attractive, next-to-real-time surveillance we chose
passive surveillance over active surveillance. On the following pages a summary of the
surveillance system is given.
3.2

RECRUITMENT AND REPORTING TECHNOLOGY

Recruitment to the surveillance is achieved by random sampling from the
general population aged 0-95 years in the continuously updated Swedish population
registers. These registers can be accessed through either Statistics Sweden or the Tax
authority (38).
From the population registers addresses are collected and invitations are sent
via regular mail to the selected individuals or their guardian. From 2007 to 2009 the
number of individuals who received an invitation ranged from 12,500-14,000. The
invitation letter the individuals receive explains the aims of the surveillance, what is
required of the participant, and instructions on how to participate.
Since it is a passive surveillance system the recipients of the invitations are
instructed to, as soon as possible, actively join the surveillance through registration via
IVR or the Internet, and then report to the surveillance system when they experience a
state that they are informed is the trigger to report, e.g. cold or fever. They are
encouraged to report as soon as the event occurs, and at least within a week.
The participants can join the surveillance via a toll-free telephone number with
IVR or via a secure study website. They can report illness via the same website (Figure
2) or IVR, and can alternate between these two technologies. The participants can join
and report around the clock.
The invitation letter also includes a refrigerator magnet with the surveillance
system contact information (Figure 3), intended to serve as a reminder to report when
ill and how to do so.
Generally two reminders to join are sent, the first of which is sent to all who have
not joined within approximately two weeks.

Figure 2. Screen dump of the initial page of the study website, cropped.
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Figure 3.. Three editions of the refri
refrigerator
gerator magnet with the surveillance system contact information. The
original magnets are 5x5 centimetres. From left to right; the magnet for season 2007/2008, 2008/2009
and 2009/2010.

At each contact with the surveillance system the participants identify themselves
by entering their unique national registration number ((NRN).
). The NRN consists of their
date of birth and four extra digits one of which reveals their gender (38). If the
participants join the surveillance on the study website they can also provide
prov their e-mail
address.
3.3

COMMUNICATION WITH P
PARTICIPANTS

To keep up interest in the surveillance and communicate with the participants, the
system sends out reminders in the form of newsletters which are mailed or e-mailed
e
to
the participants. Originally the reminders consisted of Christmas and Easter greeting
cards, but from the second surveillance period and onward it has consisted of a monthly
newsletter. The newsletter contains motivating infotainment, including the epidemic
curves produced by the sur
surveillance,
veillance, and is sent every fourth week on a rolling
schedule. Each week a fourth of the participants receive the newsletter. The newsletter
also serves as a means to communicate information to the participants when and as
needed.
For those who wish to ccontact
ontact the personnel administrating the population-based
population
surveillance system there is a contact ee-mail
mail address and telephone number to the
secretariat at SMI.
3.4

SURVEILLANCE REPORTI
REPORTING:
NG: INPUT AND OUTPUT

When ill, the participants report to the surveillance system, via IVR or the study
website, and are asked about their symptoms in an automated tree
tree-structured
structured
questionnaire. The symptoms are then matched to case definitions. For the system we
opted to use case definitions based on the ECDC case definitions, with
w some slight
adaptations. The adaptations are mainly necessary because the ECDC case definitions
assume that a clinician is involved in the reporting of the symptoms (39). The symptom
questionnaire and case definitions that were used for the development of the
population-based
based surveillance can be seen in Table 2.
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The symptom questions
Has it been less than eight days since you fell ill? (yes/no/ do not know or do not want to answer).
Did you fall ill suddenly, that is did you fall ill within a few hours?
Have you felt feverish at any time since you fell ill?
Was the temperature more than 38 degrees? a
Have you coughed at any time since you fell ill?
Have you had muscle ache or other bodily ache at any time since you fell ill?
Have you been nauseous at any time since you fell ill?
Have you had headache at any time since you fell ill?
Have you had a sore throat at any time since you fell ill?
Have you experienced difficulties breathing/shortness of breath at any time since you fell ill?
Have you had a runny nose at any time since you fell ill?
Have you sought a doctor for your illness at any time since you fell ill?
Did the doctor say thatt it was an infection? a
When did you fall ill? Answer by pressing the digit that corresponds to the number of days that have
passed since you first noticed the illness.
Case definitions
ARI
ILI

Cough OR Sore throat OR Shortness of breath OR Coryza (runny nose)
Sudden onset AND Cough OR Sore throat OR Shortness of breath
AND Feverishness OR Headache OR Myalgia

Table 2.. The symptom questions and case definitions used in the population
population-based
based surveillance.
a The question is only asked if the respondent answered yes to the previous question.

The reported illness data can be accessed around the clock by an administrator
who potentially can produce a surveillance report at any given moment. Under normal
conditions though, the surveillance resul
results
ts were presented on the SMI website on a
weekly basis in the form of descriptive data and graphs of the weekly cumulative
incidence (incidence proportion). By publishing the weekly results on a website the
results are made available to the health care pro
profession
fession and the general public,
including the surveillance participants (Figure 4)
(http://smi.se/publikationer/veckorapporter/sjukrapport/
http://smi.se/publikationer/veckorapporter/sjukrapport/).

Figure 4.. Screen dump of the surveillance results from calendar week 17, 2008, as presented on the SMI
website the following week, cropped.
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3.5

DROP OUT

For ethical reasons and to keep the number of participants up-to-date, and thereby
have access to a current denominator enabling accurate surveillance estimates,
participants are able to unregister from the surveillance. In fact, we developed a
practice to encourage participants to unregister if they no longer intended to report
illness to the surveillance. Originally unregistering was achieved by participants
contacting the secretariat of the surveillance. As of season 2009/2010 the option to
unregister, was added to the surveillance website and IVR and can thus be carried out
around the clock without the direct involvement of the administrative personnel.
3.6

ADDITIONAL DATA COLLECTION

Additional data can be collected in two ways. First, because the system collects
the participants’ NRNs it is possible, after due permissions, to perform record linkages
to existing health and socio-demographic registers and add individual register data to
the dataset. These record linkages could for example add data on education, profession,
household income or hospitalizations from the population registers kept at Statistics
Sweden or the patient register kept at the National Board of Health and Welfare.
Second, data can also be collected from the participants by sending them
questionnaires since the system has access to mail and e-mail addresses to the
participants. Thus the surveillance system does not have to rely on data already
collected in other registers but can add other information. These questionnaires can
potentially be sent at any time during, or soon after, the surveillance period. If decided
on from the beginning of the surveillance period it is also possible to send
questionnaires to those who were invited but opted out of joining the surveillance, this
way non-response questionnaires can be administered.
3.7

ADMINISTRATION

The system can be administered by one person, although statistical and
epidemiological support can be required at times. We have further found that an
advisory steering group that meets monthly is helpful, especially for any changes to the
design of the surveillance or addition of questionnaires that are not standard
components of the system. Given that the daily routines can be handled by one person,
we developed standard operating procedure documents, thereby enabling those not
routinely involved in the administration of the surveillance system to assist when
necessary.
3.8

APPLICABILITY

With the present design and aim to act as infectious disease surveillance system
the population-based surveillance can focus on common syndromes or symptoms e.g.
gastroenteritis, febrile conditions, infections involving dermatological manifestations,
or ARI. We calculated the precision (95% confidence interval (CI)) of the incidence
proportion that we would obtain given that 1,500 or 2,000 individuals were recruited
(Table 3). As can be seen, the more participants the narrower the 95 % CI is, and the
higher the incidence proportion the wider the CI. It is also worth noting that when the
CI includes zero the surveillance system will not be able to confidently assess the
presence of a syndrome.
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Incidence proportion (%)
2
3
4
5
6
7

95% CI
n=1,500
n=2,000
1.35-2.84
1.43-2.71
2.20-3.99
2.30-3.84
3.07-5.12
3.18-4.95
3.95-6.23
4.09-6.05
4.85-7.32
5.00-7.13
5.76-8.41
5.92-8.21

Table3. The incidence proportion and its 95% CI with a sample size of 1,500 and 2,000 individuals.
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4 INFLUENZA-LIKE ILLNESS AND ACUTE
RESPIRATORY INFECTION
The Swedish population-based surveillance was for its development focused on ILI and
ARI, all in the interest of developing surveillance for influenza. However, the system
could have had a different focus. In this section the reason for choosing influenza and
thereby ILI and ARI are recounted.
4.1

WHAT IS ARI AND ILI?

When health professionals interact with the general public an upper ARI is often
referred to as the common cold. However, for surveillance purposes both ARI and ILI
are essentially constellations of symptoms that constitute syndromes. The symptoms
included in the case definitions of these syndromes vary (40, 41). Nonetheless, ILI and
ARI case definitions are often applied for influenza surveillance e.g. in sentinel
surveillance. However, it is important to note that even though frequently applied, these
case definitions deserve some reservations as regards their usefulness for influenza
surveillance: (a) Although it may seem intuitive that ARI surveillance encompasses ILI,
this is not always the case. It depends on the case definition of ILI and ARI. Sometimes
all ILIs are ARIs, but not all case definitions are constructed as such, (b) it may also
seem intuitive that ILI is equivalent to influenza; however this is not the case. ILI is not
equivalent to influenza and not all cases of influenza exhibit symptoms that fulfil the
ILI case definition (42).
4.2

WHY FOCUS ON ARI AND ILI?

The reasons for focusing the population-based surveillance on ARI and ILI are
several:
• Both ARI and ILI are syndromes that are common enough for population-based
surveillance and their effect on the population varies over time.
• The high incidence of ARI and ILI also means that notifiable disease surveillance
would overtax the health care system, and at the same time intermittent
monitoring would be insufficient for detection of seasonal variations in disease
impact.
• Sentinel ILI surveillance, to roughly estimate the impact of influenza, was at the
time of the launching of the population-based surveillance showing signs of not
being able to function satisfactorily. Recruitment of GPs for sentinel surveillance
was difficult, leaving whole counties largely unrepresented (Figure 5); and over
time the number of registered sentinel GP units have continued to dwindle;
2007/2008: n=149 (43); 2008/2009: n=102 (44); 2009/2010: n=64 (45). In
2011/2012 there were 64 units (46). Moreover, there were concerns that even if
the sentinel surveillance was successful in recruiting GPs, Swedes with ILI would
not seek or not be seen by GPs. At the time the average number of GP visits per
person in Sweden was 1.35 per year (2006) (13), a doctor’s sick note was only
required after >7 days of absence from work, and a GP visit cost 100-150 SEK
(32). Furthermore, there was reduced sentinel coverage during the holiday seasons
e.g. Christmas. Lastly, work by Payne et al had shown that the proportion of
consultations with ILI was dissimilar to the prevalence in the population (47).
Taken together this gave us an inkling that sentinel surveillance may have to be
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complemented to assess the impact of ILI on the population.

Figure 5. Sentinel GPs per 100,000 inhabitants in the Counties of Sweden in 2007/2008. Reproduced
with kind permission from Sharon Kühlmann-Berenzon , SMI.

•

Influenza has a pandemic potential. Influenza consists of three types: A, B and C.
Influenza A and to a lesser extent influenza B are ever changing virus types.
Influenza A can be divided into subtypes and the dominant subtypes of influenza
differ over time. Smaller changes to the virus are termed antigenic drift, however
sometimes the changes are more substantial and they are referred to as antigenic
shifts, and these antigenic shifts can cause pandemics because of the absence of
cross-immunity with previous influenza types (8). A pandemic is essentially an
epidemic that spreads worldwide (48). During a pandemic a larger portion of the
population than normal falls ill and that may put a strain on the health care system
which may not be able to see all patients and thus the health care-based reporting
would not reflect the level of disease in the population. When the surveillance was
launched, influenza A(H5N1) was a potential pandemic threat (49), and the last
pandemic had occurred in 1968 (50). Experts were expecting a new influenza
pandemic before long (51-54).

As a consequence of these facts, it was decided that the population-based surveillance
should focus on ILI and influenza. Since we could not demand of laymen to
distinguish between ILI and ARI and since influenza at times can exhibit symptoms
that are not equivalent to ILI, ARI was also included in the focus.
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4.3

RESULTING SURVEILLANCE CHARACTERISTICS

Since we opted to develop population-based surveillance with a focus on
influenza, certain features of existing influenza surveillance were adopted.
Traditionally influenza surveillance is carried out between calendar week 40
(approximately the beginning of October) and calendar week 20 (approximately the
middle of May) the following year in Sweden. The time period between calendar week
40 and 20 is often referred to as the influenza season and since it spans over two
consecutive years it is often denoted as e.g. influenza season 2007/2008 or 2009/2010.
The aim of the population-based surveillance was therefore to have the surveillance
launched and running from calendar week 40 until calendar week 20, and the invited
individuals were informed in the invitation that their reporting would be required from
receipt of the invitation until the end of calendar week 21.
To make sure that the system had a high sensitivity for ILI we chose as trigger to
report: cold or fever symptoms. The reporting system was further designed to ask
symptom questions regarding ARI and ILI and we used the adapted ECDC case
definitions for ARI and ILI when inspecting the results (Table 2).
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5 METHODOLOGICAL CHALLENGES
In this work we encountered several methodological challenges. On the following
pages I will describe several of them. For this purpose the challenges have been divided
into those that we encountered when wanting to carry out surveillance which can be
seen as descriptive epidemiology, and those that we encountered when we carried out
our studies with analytical epidemiology.
5.1

CHALLENGES FROM A DESCRIPTIVE POINT OF VIEW

Surveillance can be regarded as a descriptive epidemiological effort. In our
population-based surveillance we aimed at estimating the incidence proportion of ILI
and ARI in the general population. This surveillance aim posed the challenges of:
achieving a representative sample, selection bias, and misclassification of the outcome.
5.1.1 Sampling
When carrying out surveillance, or a study, it is not always feasible to include the
whole population, even if the population is restricted to a particular geographic area or
group. Indeed, even though we restricted our surveillance effort to Stockholm County it
was not possible to include the 1.9 million inhabitants (55). Instead the aim was to
recruit a sample of individuals that was representative of the general population. The
best way to achieve such a sample is by random sampling. To carry out the sampling a
sample frame from which the sample can be drawn is required. The registers that can
act as sample frames can be achieved through censuses. However, since people are
born, immigrate, emigrate and die, census data can relatively quickly become dated.
The ideal sample frame for a general population sample is a register that is regularly
updated. In Sweden such continuously updated registers of the Swedish population are
kept and can be accessed through either Statistics Sweden or the Tax authority (38). For
our population-based surveillance we availed us of these registers as sample frame and
through random sampling we identified individuals that were invited to register in the
surveillance system. However, it should be noted that even if the Swedish population
register is continuously updated, there is still the possibility that when an invitation is
sent a few of the individuals in the sample are no longer part of the sample frame or
that a few individuals are missed because they have not yet been included in the sample
frame.
5.1.2 Selection bias
Bias means that a systematic error has been introduced. In a descriptive effort
selection bias occurs if the measured factor in the group that is sampled and recruited
differs from the source population. There are several ways in which this can occur that
are relevant to our work.
If the recruited individuals are found to differ from the source population this
shows that the sample has been affected by selection through non-participation. There
are many possible reasons for non-participation, in our work this could for example be
incurred by problems with the mail delivery system, reading skills, severe disease,
access to the internet or telephones that can handle IVR, and perhaps most importantly
willingness to participate. However, if the recruited individuals do not differ from the
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source population with regard to the factor that the effort aims to measure, then there is
no systematic error and therefore no bias. In Paper I we examined the selection forces
that the population-based surveillance encountered. Although we were able to examine
whether selection had occurred with regard to several different sociodemographic
characteristics, it is important to note that there may have been characteristics that we
were not able to measure that could introduce selection bias.
Although similar to non-participation, there is another possible way in which
selection bias can be introduced. If those who have the outcome are more prone to
participate, than those who do not, we are faced with selection bias. In our surveillance
effort this would occur if individuals with an infection at the time of the invitation were
more likely to join than those who were in good health. This would initially lead to
higher incidence proportions than a representative sample of the general population
would produce. Since ARIs and ILIs tend to be of a passing nature we attempted to
remedy this selection bias as best we could by excluding the first two weeks of the
surveillance reporting (and in analytical studies by excluding the first two weeks of
reporting for each individual). This remedy could potentially be inadequate because it
is possible that the influenza-affected participants will have become immune and thus
not at risk for the circulating seasonal influenza. Therefore, it is desirable that the
surveillance cohorts are established before onset of the influenza season. As long as the
mix of immune and susceptible participants reflects the target population, the
participants who are not at risk in the surveillance will not invalidate the surveillance.
Lastly, our surveillance effort could be affected by selection bias after the
recruitment stage. If participants leave the study, we could be left with a group of
participants who are not representative of the source population. Furthermore, if they
leave without registering that they have left the incidence proportion would be deflated
since they would remain part of the denominator without contributing to the nominator.
In our effort to counteract attrition within the population-based surveillance we sent the
participants motivating newsletters and responded to e-mails within one weekday. To
avoid an inaccurate denominator, we also encouraged those that wished to leave the
surveillance to promptly inform us of their choice by unregistering.
5.1.3 Misclassification of the outcome
Even if participation were representative of the source population with regard to
the measured outcome, there still remained risk of misclassification of the outcome.
The participant reports of illness could potentially be both false positive and false
negative, much like the validity of laboratory tests.
Validity is the comparison between a method that is considered to produce the
accurate results, the gold standard, and another method that is tested against it. Validity
is measured in sensitivity and specificity. Assuming the notation in the 2x2 table in
Figure 6 sensitivity is the probability of a positive test result if truly positive (a/(a+c))
and specificity is the probability of a negative result if truly negative (d/(b+d)) (56).
These measurements are independent of the occurrence of the measured factor; they are
specific to the tested method in comparison to the gold standard. Other estimates that
can be calculated are positive predictive value (a/(a+b)), i.e. the probability of true
disease given a positive test, and negative predictive value (d/(c+d)), i.e. the probability
of not having the disease given a negative test. Unlike sensitivity and specificity these
two measurements vary with the prevalence of the factor that the methods measure.
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The gold standard
Positive Negative
Tested
method

Positive

a

b

Negative

c

d

Figure 6. Illustration for the formulae of sensitivity, specificity, positive predictive value and negative
predictive value.

If the sensitivity and specificity are perfect then the tested method has not
detected any misclassification, and even if a validity measure is less than perfect, it may
be possible to adjust for misclassification if the misclassification is constant. In Paper II
we estimate the validity of the self-reporting of disease in the population-based
surveillance.
To measure the validity a gold standard is required. If it does not exist the
validity measurements are fraught with uncertainty. However, a gold standard may not
be available or feasible. In our efforts to measure the validity of the self-reporting of
illness we were aware that direct observation might be the closest to a gold standard.
However, direct observation may also affect the studied individuals and their behaviour
(Hawthorne effect), moreover in our case direct observation was not feasible for
practical and economical reasons. In Paper II we therefore had to content ourselves
with one-week recall questionnaires. This type of questionnaire is also used in the field
of nutritional epidemiology with acceptable validity in varying populations, except in
children and the elderly (57).
In Paper II we also attempted to use a formula to adjust for underreporting, and
for that formula we availed us of the positive predictive value. We further used the
negative predictive value in Paper III & IV, when we experimentally adjusted for
underreporting in sensitivity analyses to improve our ability to interpret our results. The
use of the predictive values puts the adjusted estimates at risk of either over or
underestimations of the underreporting since the predictive values depend on the
prevalence at the time of the validation study. To be able to detect disease in our
validation effort, the validation took place during a time period when ARI might have
been more prevalent, and thus our adjustment for underreporting may have generated
overestimations of the actual incidence.
5.2

CHALLENGES FROM AN ANALYTICAL POINT OF VIEW

Apart from the already mentioned challenges that apply to the work that concerns
the descriptive analysis of the surveillance results, we encountered further challenges
when carrying out analytical studies with the data.
There are two basic concepts in analytical epidemiology that I will refer to
repeatedly in this section: outcome and exposure. Outcome is the state or result we are
interested in; exposure is a factor that could affect the outcome; exposure of interest is
the exposure that is the focus of the study. The exposure can have different levels e.g.
in Paper I two levels: either web or IVR technology; or in Paper III several levels of
hand-washing. The different levels of exposure are compared to one of the levels of
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exposure termed the reference, and thereby the association between the exposure and
the outcome can be studied.
In our work we mainly dealt with one type of analytical study, the cohort study.
The cohort study is a study of a group or sample of individuals over time. The study
ought to start with the assessment of the degree of exposure in each individual in the
cohort. The risk or incidence of the outcome is calculated in the various exposure strata,
based on the counts of outcome events observed during the follow-up. The fact that
most of our analytical studies were cohort studies influenced the challenges we
encountered.
Some of the challenges we faced were: selection bias and selection,
misclassification of outcome and exposure, confounding, interaction, and repeated
measurements.
5.2.1 Selection and selection bias
Bias means that a systematic error has been introduced. In a descriptive study this
occurs if the measured factor in the group that is sampled and finally recruited differs
from the source population. In an analytic study it occurs if the proportion of the
outcome or exposure is skewed in the study population compared to the source
population, and the skewness differs between the groups that are compared. This can
for example occur either at (a) the recruitment stage, or (b) if participants are lost to
follow-up, in both of these situations this is called selection bias.
(a) In a cohort study biased selection could be inflicted by preferential
inclusion of individuals in whom the exposure-outcome relationship is
different from that in the targeted population, i.e., the exposure-outcome
relationship is effect-modified by one or more factors linked to the
selection. The study could be internally valid, but the results cannot be
generalized to the targeted population i.e. the external validity is limited.
Another type of selection bias in analytical cohort studies is preferential
inclusion, either to the group exposed to the studied risk factor or to the
unexposed group, of individuals with an altered susceptibility to the
outcome, e.g., because of comorbidity that affects the immune system or a
previous history of influenza or vaccination that leaves the participant
immune. This could also be referred to as susceptibility bias and is a real
threat to the internal validity. If the biased selection affects both exposed
and unexposed individuals equally, the relative risk estimate might not be
biased, though. A related type of selection bias is preferential inclusion,
either to the exposed or to the unexposed group, of participants who are also
exposed to a factor that is causally related to the outcome. The association
between the studied exposure and the causal factor artificially brought about
by the biased selection creates a confounding situation, described below.
Again, if the biased selection affects exposed and unexposed groups to a
similar extent, no artificial association between the studied exposure and the
causal factor is created, and there is no confounding.
(b) Additionally cohort studies are at risk of selection bias due to differential
losses to follow-up, e.g. if those exposed who are predestined to develop the
outcome are more likely to be lost to follow-up than those who are
unexposed. One way of avoiding this selection bias is to maintain low
losses to follow-up. In our surveillance effort we attempted to counteract
losses to follow-up regardless of exposure and outcome status by sending
motivating newsletters to all participants.
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As indicated above, selection caused for example by non-participation does not
automatically mean selection bias in an analytical study. Similarly, with due caution,
studies in select groups can often be generalized to other populations. For example if a
study focuses on a specific occupation, like the Whitehall studies that only included
civil servants (58), this does not automatically mean that within this select group, the
relative risk of the outcome associated to an exposure is affected differently in the
subgroups that are compared. Furthermore, if we can assume that the population under
study does not differ in its biological mechanisms from the target population, then the
relative risk observed in a select group likely reflects the same relationship as in the
general population and can thus be generalizable. We therefore saw the populationbased surveillance cohort, which was affected by low participation rates, as the basis
for a cohort study although it was a select group. However, of course it would have
been far more preferable to have a representative sample of the general population.
Apart from the assumptions required when studying associations in a select
group, there is also the disadvantage that the studied associations may become more
difficult to discern when dealing with a select group. For example, in the analyses of
Paper III & IV, if the participants were all health conscious individuals who all tried to
avoid infectious disease according to the best of their knowledge, this may have
affected the results.
5.2.2 Exposure or outcome misclassification and information bias
Once a participant is in the study and not lost to follow-up, there is still the risk of
information bias. Information bias in a cohort study can occur when the outcome
measurement differs between exposed and unexposed. This differential
misclassification causes bias. There is also random, non-differential misclassification
which afflicts all compared subgroups alike.
Non-differential misclassification of exposure generally leads to the results
tending towards the null hypothesis i.e. no difference between the compared subgroups
whether an actual difference is present or not (59).
Differential misclassification of the exposure, i.e., misclassification that is
different among participants with the outcome and those without, should be rare in
cohort studies in which the outcome has not yet occurred when follow-up starts. If the
exposure assessment is done when parts, or all, of the follow-up has already passed,
there is a possibility that the exposure is differentially misclassified. In addition to the
possible information bias, this retrospective exposure assessment could also be affected
by reversed causation, i.e. the exposure was in fact dictated by the outcome. Since we
in the analyses included in Paper III & IV had to rely on data from a questionnaire
distributed at the end of the follow-up we did unfortunately not have the advantage of
the classical prospective cohort study, even though the outcome was collected
prospectively. Our work may be affected by differential misclassification of the
exposure in Paper III & IV since we, for practical and economical reasons, had to
distribute the questionnaire on risk factors for ARI and ILI at the end of the follow-up.
Those with many ARIs could for example have tended to remember more hand washes
or more child contacts than those who had few ARIs. This could be referred to as recall
bias. Had the study measured exposure first and outcome later, as in a proper
prospective cohort study, differential misclassification would have been very unlikely,
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but on the other hand non-differential misclassification of future hand-washing
behaviour during the follow-up period may have biased the studied associations
towards the null. Lastly, the actual number of hand washes, but less likely the typical
number of child contacts, could also have been affected by how many colds or fevers
the individual had experienced (reversed causation).
Of particular interest to our analytic studies, however, is the fact that if the
misclassification of an outcome with high specificity but low sensitivity is nondifferential, then the risk ratio will not be affected, and the absolute risk difference can
be easily corrected with the help of the sensitivity (60). Since our validity estimates in
Paper II showed a low sensitivity but high specificity, we suggest that the estimates in
our regression models in Paper III & IV, as long as the exposure groups are not
differentially affected by misclassification, produce risk ratios that are unaffected by
information bias regarding the outcome.
5.2.3 Confounding
Many times there may be more than one exposure that can affect the outcome,
and if we are interested in one of these exposures then we need to disentangle the effect
of this exposure from the others. These other exposures may be confounders of the
association that we wish to study i.e. they befuddle the results by increasing or
decreasing the association between the exposure of interest and the outcome. To be
considered a confounder the factor has to be associated to the exposure of interest and
causal to the outcome, but not on the causal pathway.
Positive confounding increases the association towards the more explicit and
negative confounding decreases the tendency of an association by bringing it closer to
unity.
Confounding can be handled in many ways, either at the design or analysis stage
of a study, depending on the type of study. For example in a randomized trial, the
randomization of the participants to different interventions prevents confounding
because all factors other than the exposure of interest are distributed similarly between
the intervention groups, on condition that the study is large enough. Other forms of
control are restriction and matching that are also initiated at the design stage. At the
analysis stage confounding can also be handled as long as data has been collected on
the possible confounder. Two options for the control of confounding at the analysis
stage are stratification of data, or multivariate regression modelling. In Paper I-IV we
adjusted for confounding with the help of multivariate regression.
There are several different regression models and the choice of model depends
primarily on the outcome. In Paper I & II we applied log binomial and logistic
regression models because the outcome was dichotomous. In Paper III & IV the
outcome was a count. In such cases Poisson regression is the method of choice.
However, if there is overdispersion, i.e. the outcome has a greater variance in its
distribution than assumed by Poisson distribution, then Poisson regression is not
applicable. Overdispersion can be caused by more individuals, than expected with
Poisson distribution, who are more prone to the outcome, e.g. if some individuals have
a greater tendency to become infected than others. If overdispersion is present then it
can be dealt with by assuming a negative binomial distribution that has an extra
parameter for the variance. In Paper III & IV we tested whether the outcomes were
Poisson distributed and since they were not we applied negative binomial regression.
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Even if we managed to control for some of the confounders in our studies there
still remains the possibility that there were unmeasured confounders that we did not
control for and that cause residual confounding of our results.
5.2.4 Interaction
Interaction is also sometimes referred to as effect modification. Essentially it
means that the effect seen in a study may vary by one or more factors simultaneously.
For example if a subgroup of people in the study has a factor that predisposes them to
the outcome then this factor interacts with the results for the whole study population.
For the subgroup the effect of the exposure may be more, or indeed less, evident then
for the rest of the study population. When performing regression modelling it is
possible to test for interaction statistically. However, care must be taken in the
interpretation of the significance of interactions since the test may e.g. have involved
multiple testing and therefore the finding of an interaction may be a chance finding.
We encountered interactions in Paper II-IV.
5.2.5 Repeated measurements
If study participants are repeatedly measured or questioned about an outcome,
this has to be taken into account in the analysis. The data yielded by one participant
who is measured repeatedly, e.g. by responding to three validation questionnaires in
Paper II, and the data yielded by a participant asked only once cannot be considered as
four independent measurements. The three measurements by the first participant share
the fact that they all stem from the same person and if introduced as independent
measurements may skew data considerably. Similarly if several of the study
participants live in one village and the others live in different villages it may have to be
taken into account that several of the participants have a shared characteristic and are in
fact parts of clusters.
Repeated measurements or clustering should be taken into account when
analyzing data. There are several statistical methods that can handle this circumstance
e.g. robust standard errors, generalized estimating equations (GEE) and random effects
models (61). Robust standard errors results in CIs adjusted for the clustering. However,
robust standard errors do not adjust the calculated estimates. GEE on the other hand
results in adjusted CIs and estimates. A potentially even more informative method is
random effects modelling. Like GEE it proffers CIs and estimates adjusted for the
repeated measurements, but it also allows likelihood ratio tests. In Paper II repeated
measurements of the validity of the self-reporting were included in the study design.
However, we found that neither GEE nor random effects models were feasible to fit in
the final model. Nonetheless, we were able to apply a random effects model in a
simplified version of our model and compared it to the same model without random
effects; we found only minute differences between both models in the coefficient
estimates as well as non-significant clustering (rho=0.07, p=0.41). We therefore
concluded that little error was incurred by the omitting to adjust for the repeated
measurement in this model.
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6 AIM AND OBJECTIVES
The overall aim was to develop methods for population-based surveillance and as part
of this process to evaluate the developed methods.
When reading about the studies (I-IV) included in this thesis it may be helpful to
consider the work as consisting of two parts:
• a descriptive part, examining the recruitment, selection forces, and preferences
regarding the communication technologies (Paper I); and the validity of selfreports (Paper II)
• an analytical part, examining the usefulness of the surveillance cohorts in
analytical studies (Paper III & IV).
6.1

DESCRIPTIVE PART:

6.1.1 Paper I: Recruitment, selection forces, preferences regarding
communication technologies
The objectives were to:
- Shed light on selection forces introduced through non-participation by
assessing the participation rate overall and in demographic and socioeconomic
strata.
- Assess the participants’ preferences in regard to reporting technologies –
Interactive Voice Response service via telephone or a secure website.
- Assess whether the choice of reporting technology affected the reporting.
6.1.2 Paper II: Validity of self-reports
-

6.2

The objectives were to:
Assess the validity of the self-reporting in the surveillance system over time,
and in subgroups through comparison with alternative reporting methods and
through comparison with data from sentinel surveillance running in parallel.
ANALYTICAL PART:

6.2.1 Paper III & IV: Analytic studies of risk factors based on the
surveillance cohorts
The overarching aim of Paper III & IV was to assess whether data collected
through the surveillance system could be applied in analytical studies to answer
relevant public health questions on risk factors for disease. To do this we settled on two
objectives:
- To assess the effect of layman defined hand-washing on ARI and ILI
incidence (Paper III).
- To assess the effect of child contacts outside the household on ARI incidence
(Paper IV).
Although not included as a specific objective in the individual studies it should be
noted that the studies required a functioning surveillance system. The surveillance
could therefore be continuously evaluated.
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7 MATERIALS, METHODS AND RESULTS
All studies were reviewed by the Stockholm regional ethics vetting board. In 2007 the
ethics board did not consider that the Ethics Review Act applied to the surveillance
since informed consent was given by the participants and the ethics board could neither
formally disapprove, nor approve. Instead, the board composed an advisory statement
to the effect that the board had no objections to the intended activities. However, the
standard review was performed and regular approval attained for the studies carried out
in 2008/2009 and 2009/2010. Throughout this work we considered to actively join the
surveillance system or return a questionnaire as informed consent.
The analyses were carried out for the most part with STATA 12. For Paper I SAS
9.1.3 was the statistical program of choice, and for parts of the sensitivity analyses in
Paper III & IV we made use of R 3.0.0.
Here follows brief descriptions of materials, methods and results with particular
focus on some of the findings that are relevant to the overall aim of the thesis.
7.1

PAPER I: RECRUITMENT, SELECTION FORCES, PREFERENCES
REGARDING COMMUNICATION TECHNOLOGIES

7.1.1 Setting and Method
The first season that our newly developed population-based surveillance was
carried out was in 2007/2008, in Stockholm County, Sweden. Apart from the selfreported symptoms that were gathered continuously, we also collected register data
from Statistics Sweden on the participants and on the original sample of invited
individuals. This included data on: marital status, highest completed education,
household size, and household income.
For the analysis participants were compared to the original sample of individuals
and divided into an IVR and a web group depending on the technology they had chosen
to join the surveillance. The participants were further grouped as: (a) reporting disease,
when reporting a disease with onset within the first seven days, and (b) reporting ILI,
when their report matched the ECDC-based case definition. They were then further
dichotomized based on not having submitted any report or having submitted one or
more reports.
7.1.1.1 Statistical Method:
The probability of reporting at least one disease episode compared to not
reporting was estimated using log-binomial regression models adjusting for initial
technology choice, age group, gender, education, household size and household
income. The same analysis was also carried out with ILI as the reported outcome.
7.1.2 Results
The participation rate was low, 24%, (Figure 7). According to the sociodemographic characteristics of the participants, the elderly, women, well-educated
individuals, those living in two-person households, those with high household income
and those who were married were overrepresented (Table 4).
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Figure 7. The 2007/2008 original sample of the population
population-based
based surveillance and their technology and
reporting distribution.
Random sample (n=14,000)
Participants (n=3,341)
n (%)
n (%)
Age group (years)
00-17
3,089 (22)
727 (22)
18
18-39
4,220 (30)
665 (20)
40
40-64
4,639 (33)
1,247 (37)
≥65
2,052 (15)
702 (21)
Men
6,882 (49)
1,473 (44)
Gender
Women
7,118 (51)
1,868 (56)
Education (years)
≤9
1,985 (14)
232 (7)
10
10-12
4,078 (29)
875 (26)
13
13-15
1,461 (10)
433 (13)
>15
2,487 (18)
805 (24)
Missing1
3,989 (28)
996 (30)
1
4,205 (30)
916 (27)
Household size
2
2,827 (20)
835 (25)
3
2,337 (17)
536 (16)
4
2,958 (21)
713 (21)
5
1,192 (9)
279 (8)
≥6
378 (3)
62 (2)
Missing
103 (1)
0 (0)
Never married
7,361 (53)
1,552 (45)
Marital status
Married
4,841 (35)
1,297 (39)
Divorced
1,466 (10)
340 (10)
Widow/widower
574 (4)
139 (4)
Missing
0 (0)
13 (0)
Low
1,924 (14)
239 (7)
Household income2
Low/middle
1,676 (12)
296 (9)
Middle
2,372 (17)
556 (17)
High/middle
2,166 (15)
561 (17)
High
5,627 (40)
1,645 (49)
Missing
235 (2)
44 (1)
Table 4. Distribution of socio
socio-demographic characteristics among the original random sample and its
resulting participants in the population-based
based infectious disease surveillance during the influenza season
2007/2008 in Stockholm County
County, Sweden.
1

Including children in the age group 0-17 years 2 Household incomes categorized as: low <14,915€/year;
<14,915
low/middle
14,916-24,129€/year;
€/year; middle 24,130
24,130-36,220€/year; high/middle 36,221-50,415€/year;
€/year; high ≥50,416€/year; missing.
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IVR was the initial choice of technology for 39% of the participants, but the
majority chose the web. Once participants had chosen their technology they tended to
continue to report with the same technology: 617 IVR participants reported disease
episodes but only 103 of these changed to web; 1,107 web participants reported disease
episodes and only 129 changed to IVR (Figure 7).
After adjustments for socio-demographic characteristics had been applied
reporting technology was not shown to significantly affect the probability of reporting a
disease episode, (relative risk (RR) of web compared to IVR was 1.01 (95% CI 0.941.09)), nor the probability of reporting ILI (RR=1.08 (95% CI 0.94-1.25)). Other
factors though showed an increased probability of reporting e.g. younger age group
compared to those who were ≥ 65 years (0-17years: RR=1.36 (95% CI 1.18-1.57), and
18-39 years: RR=1.23 (95% CI 1.08-1.41)), women compared to men (RR=1.24 (95%
CI 1.16-1.33)), and those with 13-15 years education compared to >15 years of
education (RR=1.12 (95% CI 1.03-1.21)).
Overall the results indicated a low participation rate and skewed selection of
participants. For the surveillance we could potentially use reweighting of the data to
handle this to some extent. Because we invite a random sample, we know the source
population and could therefore with a relative degree of certainty use sociodemographic characteristics to adjust for e.g. the underrepresentation of women and
young adults (62). However, there may of course be other factors that cause the
participants to be an even more select group than we were able to assess. For example
they may all be more health conscious, or subject to higher risk of infection than the
general population. These and other factors we would not be able to remedy by
weighting.
The results also indicated that both IVR and web were useful components in the
surveillance with almost 40% choosing IVR when given the choice, and a majority
adhered to their initial technology choice when they reported. The results from the
modelling further supported that difference in reporting rates between the two
technologies were largely explained by differences in socio-demographic
characteristics of the users, not the technologies as such.

7.2

PAPER II: VALIDITY OF SELF-REPORTS

7.2.1 Setting and Method
Like the first influenza season (2007/2008), the population-based surveillance
system was run again in Stockholm County in 2008/2009. To evaluate the self-initiated
ARI and fever reporting, i.e. whether the participants reported when they experienced
the trigger to report, during seasons 2007/2008 and 2008/2009, we relied on three
different sources of information in addition to the self-reported disease data gathered
through the surveillance system:
I.
One-week recall validation questionnaires that were added to the
surveillance in the first and second season with the population-based
surveillance. The validation questionnaires were sent via e-mail or mail to
all except approximately 1,000 randomly selected “undisturbed”
participants and consisted of two questions:
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“Did you have a cold or fever last week [exact dates specified]?” followed
by “If yes, did it start last week?”. The validation effort took place between
January 14 - March 9, 2008, and between January 26 - March 22, 2009. The
validation questionnaire was used as the reference method to which the
population-based surveillance was compared; the response to the one-week
recall questionnaire was compared to the absence or presence of a report of
fever or ARI with onset in the specified week.
II.
In addition, in 2007/2008, a postal questionnaire was added at the end of
the surveillance period. The questionnaire was sent to surveillance
participants and non-participants and included a question on the number of
colds and fever episodes they had experienced between October 1, 2007,
and May 25, 2008.
III.
We also compared the ILI reporting in the population-based surveillance
to the Swedish sentinel surveillance.
Season 2008/2009 differed from 2007/2008 in that the surveillance did not start
until late December, included re-invitations to invitees from the previous season who
had expressed a wish to take part in future surveillance efforts, and instead of a
Christmas and Easter greeting card participants received monthly newsletters but no
questionnaire at the end of the study period. Another difference was that data on sociodemographic characteristics through linking of the NRNs of the participants from the
original sample to register data from Statistics Sweden was only carried out in
2007/2008.
7.2.1.1 Statistical method
I.

II.

III.

Validity measures were calculated and explored from different angles and
for both seasons. Here the following are highlighted: validity measures
using the first validation week only, to avoid dependency; and the validity
measures for each validation week in the order the participant experienced
them. In our calculations 1-sensitivity is referred to as the false negative
proportion, and 1-specificity is referred to as the false positive proportion.
The validity was furthermore compared between those who were newly
entered and re-entered participants.
Logistic regression was applied to identify risk factors for failure to report
ARI or fever.
The overall incidence reported in the surveillance was compared to the
overall incidence reported in the questionnaire at the end of the 2007/2008
season; also the reports in the surveillance and in the questionnaire were
compared per individual with the Wilcoxon matched pairs signed rank
sum test.
Correspondence between the population-based and sentinel surveillance
was evaluated with cross-correlation.

7.2.2 Results
7.2.2.1 Participation and response rates
The participation rate, including all who participated in the surveillance and all
who were sent an invitation, was 25% for the first season, slightly higher than that
estimated in Paper I, and for the second season 32%. Of those who participated in
2008/2009 41% had also participated the previous season.
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The response rate for the validation questionnaires were 86% and 85% for each
season respectively. Of the surveillance participants 78% responded to the end-offollow-up questionnaire.
7.2.2.2 Validation questionnaire
The one-week recall questionnaires for the two seasons indicated that there was
marked underreporting in the surveillance system. Overall we found a false negative
reporting of 60% (95% CI 52-67%) for both seasons, and false positive reporting of 1%
(95% CI 1-2%) in 2007/2008 and 1% (95% CI 0-1%) in 2008/2009 (Table 5).

False
negative
proportion

False
positive
proportion

Positive
predictive
value

Negative
predictive
value

Age
group

2008

0-14
15-39
40-64
≥65
Total
0-14
15-39
40-64
≥65
Total
0-14
15-39
40-64
≥65
Total
0-14
15-39
40-64
≥65
Total

%
36/64 (56%)
28/46 (61%)
33/53 (62%)
11/18 (61%)
108/181 (60%)
4/275 (1%)
5/350 (1%)
10/674 (1%)
0/375 (0%)
19/1674 (1%)
28/32 (88%)
18/23 (78%)
20/30 (67%)
7/7 (100%)
73/92 (79%)
271/307 (88%)
345/373 (92%)
664/697 (95%)
375/386 (97%)
1655/1763 (94%)

2009
95% CI
(43-69)
(45-75)
(48-75)
(36-83)
(52-67)
(0-4)
(0-3)
(1-3)
(0-1)
(1-2)
(71-96)
(56-93)
(47-83)
(59-100)
(70-87)
(84-92)
(89-95)
(93-97)
(95-99)
(93-95)

%
28/51 (55%)
19/33 (58%)
33/57 (58%)
23/32 (72%)
103/173 (60%)
3/217 (1%)
3/292 (1%)
2/638 (0%)
2/477 (0%)
10/1624 (1%)
23/26 (88%)
14/17 (82%)
24/26 (92%)
9/11 (82%)
70/80 (88%)
214/242 (88%)
289/308 (94%)
636/669 (95%)
475/498 (95%)
1614/1717 (94%)

95% CI
(40-69)
(39-75)
(44-71)
(53-86)
(52-67)
(0-4)
(0-3)
(0-1)
(0-2)
(0-1)
(70-98)
(57-96)
(75-99)
(48-98)
(78-94)
(84-92)
(91-96)
(93-97)
(93-97)
(93-95)

Table 5. Observed false negative proportion, false positive proportion and predictive values in the
2007/2008 and 2008/2009 validation by age group and overall.

The false negative proportion by the order in which the participants experienced
the validation weeks, from the first to last, was in 2007/2008: 60% (95% CI 52-67%),
69% (95% CI 61-76%), 75% (95% CI 63-85%), with no significant difference between
the first and third validation week (p=0.98); and in 2008/2009: 60% (95% CI 52-67%),
60% (95% CI 51-68%). The false positive proportion showed over the weeks for both
seasons at its most extreme a 95% CI upper limit of 2%.
A further result from this study was the similarity in reporting validity of
participants who were newly entered and who had re-entered in 2008/2009 (Table 6).
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Age group
False negative proportion

False positive proportion

Positive predictive value

Negative predictive value

0-14
15-39
40-64
≥65
Total
0-14
15-39
40-64
≥65
Total
0-14
15-39
40-64
≥65
Total
0-14
15-39
40-64
≥65
Total

Re-entered
%
65%
67%
48%
73%
61%
2%
0%
0%
0%
0%
75%
100%
100%
75%
89%
90%
94%
97%
97%
95%

95% CI
(38-86)
(35-90)
(26-70)
(39-94)
(47-73)
(0-7)
(0-3)a
(0-1)a
(0-2)
(0-1)
(35-97)
(40-100)a
(72-100)a
(19-99)
(71-98)
(83-95)
(89-97)
(95-99)
(93-98)
(94-97)

Newly entered
%
50%
52%
64%
71%
59%
1%
2%
1%
0%
1%
94%
77%
87%
86%
87%
87%
94%
93%
94%
93%

95% CI
(32-68)
(30-74)
(46-79)
(48-89)
(49-68)
(0-5)
(0-5)
(0-2)
(0-2)
(0-2)
(73-100)
(46-95)
(60-98)
(42-100)
(75-95)
(80-92)
(89-97)
(90-96)
(91-97)
(91-94)

Table 6. Observed false negative proportion, false positive proportion and predictive values in the
2008/2009 validation by age group and overall, stratified according to mode of recruitment (re-entered
from the 2007/2008 surveillance cohort or newly entered).
a
One-sided, 97.5% confidence interval

Furthermore over time the newly entered showed a false negative proportion
ranging from 59% to 63% and a false positive proportion from 1% to 0%, and for the
re-entered the false negative proportion ranged from 61% to 56% and the false positive
proportion from 1% to 0%. This indicates that if necessary, the recruiting of
participants could include the re-invitation of participants from the previous
surveillance season.
The logistic regression for risk factors for false negative reporting showed an
increased risk for elderly who joined via the Internet compared to 40-64 year old
individuals who joined via the telephone, and men who joined more than 2 weeks after
receiving the invitation compared to women with the same characteristic (Table 7).
Interestingly the risk of underreporting seemed to increase but the point estimates did
not reach statistical significance and trend was therefore not tested.

35

Validation week

Gender, and Time from invitation to
registration

Age group, years, and Mode of registration

Educational level, yearsa

Household size

Household income groupb

Event-driven disease report within 24 hours
of registration

1
2
3
4
5
6
7
Women ≤2 weeks
Women >2 weeks
Men ≤2 weeks
Men >2 weeks
0-14 Telephone
15-39 Telephone
40-64 Telephone
≥65 Telephone
0-14 Internet
15-39 Internet
40-64 Internet
≥65 Internet
≤9
10-14
≥15
Missing
1
2
3
4
≥5
Missing
Low &
Middle/low
Middle
Middle/high
High
Missing
No
Yes

OR
1.00
0.59
0.70
1.13
1.01
1.32
1.21
0.95
1.00
1.53
6.37
1.07
1.44
1.00
1.24
0.38
0.68
1.33
11.58
1.00
0.24
0.25
0.24
1.00
0.59
1.76
1.26
1.48
0.69
1.00
1.81
1.34
0.80
4.72
1.00
1.03

95% CI
(0.25-1.43)
(0.28-1.75)
(0.45-2.82)
(0.40-2.57)
(0.56-3.10)
(0.46-3.18)
(0.45-2.01)
(0.68-3.42)
(2.05-19.82)
(0.36-3.19)
(0.46-4.52)
(0.36-4.29)
(0.16-0.94)
(0.27-1.67)
(0.55-3.21)
(1.17-114.24)
(0.08-0.69)
(0.08-0.74)
(0.04-1.58)
(0.25-1.41)
(0.69-4.54)
(0.47-3.36)
(0.50-4.39)
(0.03-15.71)

(0.69-4.73)
(0.53-3.39)
(0.35-1.80)
(0.45-49.27)
(0.60-1.78)

Table 7. Multivariable logistic regression modelling of the association between background factors and
risk of false negative reporting (i.e. no report through the population-based surveillance system when
the reference method – one-week recall questionnaires – signals onset of disease) in 2008, n=396
OR=Odds ratio
a
b
Education is the guardians’ highest education if child.
Low & Middle/low≤226,810;
Middle=226,811-340,466; Middle/high=340,467-473,903; High≥473,904 in SEK in 2006.

7.2.2.3 The end-of-follow-up questionnaire
From the end-of-follow-up questionnaire we estimated the incidence of cold or
fever to 41 per 1,000 person-weeks for the whole season, whereas the surveillance
indicated an incidence of 24 per 1,000 person-weeks (95% CI 23-25) among those
selected for the validation, and 22 per 1,000 person-weeks (95% CI 20-24) for those not
selected. The number of reports per individual differed significantly between the
surveillance and the retrospectively reported in the end-of-follow-up questionnaire
(p<0.0001) (Table 8).
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End-of-follow-up questionnaire
illness episodes, No.

0
1
2
3
4
≥5

Event-driven surveillance reports of
illness, No.
≥5
0
1
2
3
4
727
81
7
0
0
0
425
292
28
0
0
0
225
200
105
15
3
0
84
77
49
14
2
0
18
31
24
13
8
2
22
16
15
6
12
9

Table 8. Number of persons by number of illness episodes in the end-of-follow-up questionnaire and
number of population-based surveillance reports during the entire 2007/2008 season. Wilcoxon
matched pairs signed rank sum test p<0.0001

7.2.2.4 Sentinel surveillance
The similarity between the sentinel and the population-based surveillance ILI
epidemic curves for the first half of 2008 and 2009 also provides some circumstantial
evidence for a relatively stable underreporting in the surveillance (Figure 8).

Figure 8. Epidemic curves for ILI, derived from the existing sentinel surveillance in Sweden (dashed
line) and the population-based surveillance (solid line). The left graph represents 2008, the right graph
2009. The solid grey horizontal lines indicate the start and end of the validation efforts.

7.2.2.5 Adjustment for underreporting in the surveillance
Overall, the results revealed substantial underreporting of colds and fevers in the
surveillance system. However, several of our results indicated that the underreporting
was constant over time, including the fact that the validation took place at differing
time lengths from the initiation of the surveillance season yet the validity estimates
were very similar. In 2007/2008 the participants were recruited in October and their
reporting was validated after 3-6 months of follow-up, whereas in 2008/2009 they were
recruited in December and their reporting was validated after 1-3 months of follow-up.
Since the results were constant over time we could potentially correct for the
underreporting in the surveillance. In paper II we used a simple formula for this
adjustment and applied it to the surveillance data.
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Following the notation in Figure 6:
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where a is the number of true positive cases detected by the population-based
surveillance, b is the number of false positive cases detected by the population-based
surveillance, and c is the number of false negative cases detected by the populationbased surveillance; (a+b) are the number of positive cases in the population-based
surveillance; Positive predictive value and Sensitivity were determined from the results
in Paper II.
After the adjustment for underreporting the population-based surveillance data
was almost one order of magnitude higher than the estimates of weekly incidence
proportion for the Swedish population as calculated by the European Influenza
Surveillance Scheme (EISS) from the Swedish sentinel data. As an example, the
population-based surveillance showed at its peak in 2009 a weekly incidence
proportion of 3.5%, the same week EISS had estimated a weekly incidence proportion
of ILI consultations to 30.6 per 100,000 population for Sweden (63). This result
indirectly indicates that the surveillance covers a larger portion of the milder cases than
the sentinel surveillance.
A limitation to the formula that should be noted is that it includes the positive
predictive value. Therefore the results adjusted with the positive predictive value will
adjust the results towards the disease prevalence present at the time when the predictive
value was estimated.
Overall, although we had to rely on a less than perfect gold standard for the
validity measures, taken together the results revealed appreciable underreporting of
colds and fevers in the surveillance system that was constant over time. With
adjustments for the underreporting we may to some extent be able to remedy the
underreporting in our surveillance.
7.3

PAPER III & IV: ANALYTIC STUDIES OF RISK FACTORS BASED ON
THE SURVEILLANCE COHORTS

There are several aspects to whether a surveillance system can be useful. One
aspect is whether the system can be used to analyse risk factors for disease. We wanted
to explore this in the population-based surveillance, in particular whether the system
could provide data on different forms of behaviour as risk factor for disease. To this
end a questionnaire was added to the population-based surveillance, and we analysed
the collected data pertaining to hand-washing and child contacts outside the household.
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7.3.1 Paper III: Layman-defined hand-washing
7.3.1.1 Background
Hand-washing is an often recommended preventive measure against ARI, but the
evidence for such a recommendation is surprisingly weak and divergent, and sparse in
unconfined settings (64). Several cluster-randomized studies in households of the effect
of hand hygiene on ARI, sometimes including face masks, have failed to identify an
effect on their primary outcome (64-67) although some have found effects on
subgroups (66, 68). The results in more or less confined populations have been
similarly mixed (64, 69-73), furthermore some of the positive studies show graphs of
their results over time that are somewhat troubling to interpret (69, 74). There have also
been prospective cohort studies that have provided mixed results (64). The most
consistent evidence in favour of hand-washing stems from case-control studies, often
hospital-based, and with severe acute respiratory syndrome (SARS) or severe influenza
as the outcome (64, 75). Case-control studies however are prone to recall and selection
bias. We therefore decided to explore whether our population-based surveillance data
from an unconfined population could add knowledge to the field.
7.3.1.2 Setting and Method
A third season of population-based surveillance was carried out in Stockholm
County, Sweden, in 2009/2010, with recruitment in August and September 2009.
Because this was the season when the influenza A (H1N1)pdm pandemic took off in
Sweden, the regular random sample of the population was supplemented with reinvited participants from the previous season to increase the statistical precision in
smaller subgroups.
At the end of the surveillance period, in April-May 2010, a questionnaire was
sent to the participants via either e-mail, with a personal link to a web questionnaire, or
regular mail. For financial and practical reasons the questionnaire was sent at the end of
the surveillance period instead of the beginning, as would have been required for a
prospective cohort study. The questionnaire focused on contact behaviour, and also
asked a question about hand-washing frequency. The questionnaire did not define
hand-washing and therefore participants themselves had to decide what they considered
hand-washing. The questionnaire further focused on the behaviour the week before the
participants received the questionnaire. If the participant considered the previous week
to be markedly different from a regular week, they were instructed to let their answers
reflect the most recent ordinary week they had experienced. As previously discussed,
we weighed the risks of information bias and reversed causation against possible nondifferential misclassification that was expected if cohort participants would have been
required to initially predict their behaviours and contact patterns during the forthcoming
pandemic. We assumed that these behaviours might change due to health campaigns
and massive media attention.
As our primary outcome we chose ARI, and as a secondary outcome we chose
ILI.
We included all adults aged 17-95 years who had responded with an interpretable
questionnaire. To avoid reverse causality we excluded those who reported onset of a
disease episode within 14 days before receiving the questionnaire or after receiving the
questionnaire but before the questionnaire was returned.
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7.3.1.3 Statistical method
Since the outcome was the number of ARI or ILI (i.e. a count) we tested whether
we could assume a Poisson distribution. We found that the data were overdispersed,
and we therefore settled on negative binomial regression to arrive at the rate ratios of
the association between the outcome and different frequencies of hand-washing. We
adjusted for confounding and tested for interaction. Subanalyses were carried out in
subsets of particular interest. Finally, although non-differential underreporting of the
outcome, in the absence of false positive reporting, will leave the relative risk estimates
essentially unaffected (60), we attempted a sensitivity analysis based on adjustment for
the underreporting. The sensitivity analysis was based on the previously estimated
validity measures and the formula to adjust for underreporting in surveillance results
described in Paper II:
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where a, b and c are the same as in Figure 9.
The gold standard
NonCases
cases
Populationbased
surveillance

Cases

a

b

a+b

Non-cases

c

d

c+d

a+c

b+d

N=a+b+c+d

Figure 9. Illustration for the formulae for sensitivity, specificity, positive predictive value, negative
predictive value and adjustment for underreporting. Data known from the surveillance shown in bold.

To avoid unrealistic estimates of the true number of cases, or indeed the true
number of cases that had gone unreported, we used an alternative formula for
underreporting adjustment.
The true number of positive cases (a+c) can then be calculated as:
 +  =  − ! +  ∗ #$ =  − % +  ∗ 


&
 + 

under the assumption that there are no false positive cases (b=0), which is reasonable
given the high specificity of the population-based surveillance. Furthermore NPV is the
negative predictive value, N is the total number of possible reports, i.e. the total number
of person-weeks in the population-based surveillance, and (c+d) is the number of noncases in the population-based surveillance and can be obtained from:
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For the sensitivity analysis we used the above formulae to estimate the number of
unreported cases, c, by strata for age. However, our validity study (Paper II) does not
give any indication of how the underreporting is distributed within these groups and
therefore we do not know which participants should be assigned an ARI report. As an
attempt at dealing with this problem, we chose random selection with replacement as
the general method to reclassify true ARI reports that had been incorrectly unreported
cases, in Figure 9 indicated as c. The number of unreported cases, c, was obtained
from:
=  +  −  + 
under the assumption that b=0.
This procedure was carried out twenty times for each age group, each time with a
negative predictive value randomly obtained from the 95% CI from the validation
study. Then the actual ARI reports and extra assigned ARI reports were summed for the
twenty corrected datasets for each individual. We further assumed three scenarios under
which participants would be selected to be assigned ARI reports:
(1) random distribution among the participants,
(2) distribution weighted proportionally to the participant’s ARI reporting,
those with no reports were weighted with 0.5
(3) distribution weighted inversely proportional to the participant’s ARI
reporting, those with no ARI reports were weighted with 2.
These 60 corrected datasets fitted to the covariate adjusted main model to
obtain rate ratios with 90% CIs.
7.3.1.4 Results
The surveillance participation rate was 44% (5,529/12,510), including both adults
and guardians who reported for their children. Although higher than the previous
seasons, the surveillance continued to suffer from selection and this time possibly with
the additional selection incurred by the re-invitation of previous participants.
Of the 4,337 adult surveillance participants 3,056 (70.5%) returned a completed
questionnaire. There were exclusions in falling order due to: reverse causality (n=78),
impossible to ascertain whether the respondent was the surveillance participant (n=64),
the questionnaire responses concerned someone other than the surveillance participant
(n=26), unusual hand-washing frequency (0-1 times daily) (n=20), technical errors
(n=2), and insufficient follow-up time (n=1).
We found that increased frequency of hand-washing, as the layman perceives it,
beyond 4 times daily may have little protective effect on ARI or ILI (Table 9 and 10).
The sensitivity analysis of the effect of hand-washing, as the layman perceives it, on
ARI did not change this conclusion (Table 11).
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Acute respiratory tract infection
Crude (n=2,788)
Adjusted1 (n=2,462)
RR (95% CI)
RR (95% CI)
1 (reference)
1 (reference)
1.14 (0.93-1.40)
1.08 (0.87-1.33)
1.37 (1.11-1.69)
1.22 (0.97-1.53)
1.16 (0.93-1.45)
1.03 (0.81-1.32)

Hand-washing frequency
2-4 times daily
5-9 times daily
10-19 times daily
≥20 times daily

Table 9. Crude and multivariable negative binomial regression modelling of relative risks by handwashing habits. Self-reported ARI rate ratios with 95% confidence intervals.
1
adjusted for age, vaccination status, gender, educational level, occupational status, household size,
overall and child contact

Typical daily hand-washing frequency
Subset, strata
and outcome
All responding
participants,
outcome=ILI
Household
size

n

639

2 persons1

1137

≥3 persons1

706

Gainfully
employed
participants,
outcome=ARI
Health care
Work

Yes

Interaction
p-value

10-19 times

≥20 times

1
(reference)
1
(reference)
1
(reference)

0.69
(0.33-1.45)
1.16
(0.62-2.19)
1.03
(0.52-2.04)

1.89
(0.91-3.91)
1.27
(0.66-2.46)
0.88
(0.43-1.82)

1.04
(0.45-2.38)
1.25
(0.63-2.50)
0.89
(0.41-1.93)

0.09

1.39
(0.97-2.00)
0.49
(0.18-1.31)

1.19
(0.80-1.76)
0.45
(0.18-1.13)

0.13

Rate ratio (95% CI)
1104

2

5-9 times

Rate ratio (95% CI)

1 person1

No2

2-4 times

170

1
(reference)
1
(reference)

1.20
(0.85-1.69)
0.31
(0.11-0.90)

Table 10. Multivariable negative binomial regression modelling of relative risks (rate ratios with 95%
CIs) for self-reported ARI in a subset, and for ILI, among participants with different hand-washing habits.
The results are displayed in strata prompted by indications of statistical interactions.
1
adjusted for age, gender, educational level, vaccination status, child- and overall contact, household size
2
adjusted for age, gender, educational level, vaccination status, household size, physical-, child-, and
long contacts, and health care work status
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Main
analysis

Typical
handwashing
frequency

2-4
times daily
5-9
times daily
10-19
times daily
≥20
times daily

Rate ratio
(95 % CI)
1
(reference)
1.08
(0.87-1.33)
1.22
(0.97-1.53)
1.03
(0.81-1.32)

Sensitivity analysis
Same
weights
Rate ratio
(90% CI)
1
(reference)
1.00
(0.96-1.10)
1.95
(0.99-1.14)
1.01
(0.95-1.08)

Proportional
weights
Rate ratio
(90% CI)
1
(reference)
1.03
(0.98-1.15)
1.13
(1.07-1.22)
1.00
(0.91-1.06)

Inverse
weights
Rate ratio
(90% CI)
1
(reference)
1.00
(0.96-1.09)
1.02
(0.94-1.09)
1.00
(0.93-1.10)

Table 11. The results of multivariable regression modellinga of the association between self-reported
incidence of ARI and self-reported hand-washing habits unadjusted for underreporting and simulated
results after adjustment for underreporting in three different ways. The underreporting adjustment was
based on validity measures by age and weighted either the same for all participants, proportional to their
ARI reporting, or inversely proportional to their ARI reporting. n=2,462.
a
Adjusted for age, vaccination status, gender, educational level, occupational status, household size,
overall and child contact.

As others before us we did see a protective effect in a subgroup; gainfully
employed participants engaged in health care work (Table 10), possibly because this
group defined hand-washing as it is recommended (76). Taken together with the results
from our main analysis, this could possibly be construed as an indication of a need for
an intervention aimed at how to wash hands.
Overall the results show that even during a pandemic the surveillance
participation rate was low. Nevertheless, the questionnaire exhibited a good response
rate. Furthermore, our study was able to shed light on the effect of hand-washing as
defined by laymen in an unconfined adult population. Lastly, we attempted a sensitivity
analysis to explore what the effect of the underreporting would have been if it had been
differential. If for example a type of personality causes reporting to be more accurate
and hand-washing more frequent. However, the sensitivity analysis makes assumptions,
including that no more than one report per week can be made.

7.3.2 Paper IV: Child contacts outside the household
7.3.2.1 Background
Although children have been noted to have high ARI rates (77, 78) and introduce
ARIs to households more often than adults (79-81), the results as to the risk for the
adults in the household have been mixed (82-86). However, to avoid contacts between
household members, especially children, may be fraught with difficulties and
oftentimes not possible. On the other hand, avoidance of child contacts outside the
household may be feasible, but to our knowledge the effect of child contacts outside the
household has been little studied. We therefore chose to study this potentially
modifiable ARI risk factor.
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7.3.2.2 Setting and Method
For this study we used the same surveillance season (2009/2010) in Stockholm
County, Sweden, and the same questionnaire on contact behaviour distributed at the
end of the surveillance period, as for Paper III. Again adults aged 17-95 years were
included, however data was treated differently. Unlike in the study of hand-washing as
a risk factor for ARI, in our main analysis we did not exclude participants who reported
onset of a disease episode within 14 days before receiving the questionnaire or after
receiving the questionnaire but before the questionnaire was returned. This was because
we deemed child contacts to be largely driven by structural circumstances, thus making
reverse causality or biased recall less likely. Instead we relied on that the focus of the
questionnaire on “typical” behaviour during a regular week would be sufficient.
Nevertheless, we did explore the effect of excluding the aforementioned group in a
subanalysis. Unlike the study of hand-washing, there was no need to exclude an
exposure category due to too little data and a dissimilarity too great to be included in
another exposure group.
7.3.2.3 Statistical method
Again we found that the main and secondary outcome, ARI and ILI episodes,
were not distributed as Poisson. We therefore relied on negative binomial distribution
where the regression estimated the rate ratios of the association between the outcome
and different frequencies of child contact.
We carried out the major part of the analysis in two steps. First the more well
studied association between child contacts and ARI was explored, and then we
conducted our main analysis with its focus on child contacts outside the household as
risk factor for ARI. We adjusted for confounding and explored whether there were
indications of effect modification. Interactions were, when possible, evaluated in
subsets for which we had to condense the models and merge categories in some
variables.
As in Paper III we also conducted a sensitivity analysis to evaluate how robust
the results were when we tried to adjust for underreporting of ARIs. The same
methodology was applied as in the sensitivity analysis described in Paper III. The
sensitivity analysis was carried out in spite of the fact that non-differential
underreporting of the outcome, in the absence of false positive reporting, will leave the
relative risk estimates essentially unaffected (60).
7.3.2.4 Results
Naturally the participation rate and most of the exclusions applied to the data for
Paper III are identical to those in the study of child contacts outside the household.
However, the data allowed the inclusion of all the different levels of child contacts
outside the household, as opposed to hand-washing, and therefore 2,963 participants
were included in our analysis.
Overall child contacts
For overall child contacts we found an increased risk of ARI compared to no
such contacts, and an effect modification of the effect of child contacts depending on
the number of adult contacts (Figure 10).
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Figure 10. The rate ratios of the association between ARI and overall close contacts with children in
strata of the effect modifier number of close adult contacts /day. The rate ratios are the results of
condensed models adjusted for children living in household, age, gender, hours/week using public
transport.

Child contacts outside the household
Interestingly, when we separated the child contacts outside the household and
household child contacts, and explored their effect on ARI, we found that before testing
for interaction only the child contacts outside the household showed significantly
increased risk of ARI (Table 12). In this analysis too, we found what we interpreted as
significant interaction, this time between child contacts outside the household and the
number of adult contacts (Figure 11) and possibly also age (Figure 12). We concluded
that reducing child contacts outside the household may reduce the risk of ARI but only
if the individual has few contacts.
In the subsets in which we examined the interactions with a condensed model
household child contacts, as can be expected, exhibited wider CIs, and in all subsets
except that of age group 31-64 years it continued to be an insignificant risk factor.
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Main
analysis

Sensitivity analysis
Same weights

Number of
close
contacts/day
with
children
outside thehousehold

0
1
2-3
4-8
≥9

Children
living in
household

no
yes

Rate ratio
(95 % CI)
1 (reference)
1.26
(1.04-1.53)
1.07
(0.91-1.25)
1.27
(1.02-1.58)
1.00
(0.79-1.26)

Rate ratio
(90% CI)
1 (reference)
1.08
(0.98-1.18)
0.98
(0.95-1.02)
1.06
(0.93-1.16)
0.98
(0.91-1.09)

Proportional
weights
Rate ratio
(90% CI)
1 (reference)
1.2
(1.06-1.31)
0.98 (0.931.07)
1.14
(1.05-1.28)
0.97
(0.87-1.13)

1 (reference)
1.01
(0.82-1.25)

1 (reference)
1.04
(0.93-1.15)

1 (reference)
1.08
(0.96-1.19)

Inverse
weights
Rate ratio
(90% CI)
1 (reference)
1.01
(0.94-1.11)
0.97
(0.94-1.03)
1.01
(0.91-1.10)
0.97
(0.91-1.11)
1 (reference)
1.04
(0.92-1.13)

Table 12. The results of multivariable regression modellinga of the association between self-reported
incidence of ARI and self-reported typical number of close contactsb per day with childrenc outside the
household unadjusted for underreporting and simulated results after adjustment for underreporting in
three different ways. The underreporting adjustment was based on validity measures by age and weighted
either the same for all participants, proportional to their ARI reporting, or inversely proportional to their
ARI reporting. The table also shows the ARI rate ratio associated with having children in the household,
estimated in the same multivariable model and thus adjusted for the effects of close contacts with children
outside the household. n=2,517. a Adjusted for age, gender, education, children living in household,
number of close contacts/day with adults, occupation status, hand washing frequency, rooms in dwelling,
b
hours/week using public transportation.
Staying at a distance of less than one metre for more
c
than one minute.
Age below 13 years.

Figure 11. Adjusted relative risks of ARI among adults, associated with close contacts with children <13
years outside of the household, stratified by the number of close contacts with other adults.
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Figure 12. Adjusted relative risks of ARI among adults, associated with close contacts with children <13
years outside of the household, stratified by the adult person’s age.

The results were essentially identical when those that could be construed as being
at risk of reverse causality were excluded (Table 13) and did not change in the
sensitivity analysis that adjusted for underreporting (Table 12).

All included
(n=2,541)
Variable
Number of close
contacts/day with
children

0
1
2-4
5-9
≥10

Rate
ratio
1
1.17
1.13
1.29
1.01

c

(95% CI)
(reference)
(0.95-1.44)
(0.97-1.31)
(1.04-1.59)
(0.80-1.27)

ARI
At risk of reverse causality
excluded c
(n=2,471)
Rate ratio
(95% CI)
1
1.22
1.12
1.32
1.07

(reference)
(0.99-1.51)
(0.96-1.31)
(1.06-1.64)
(0.85-1.36)

Table 13. The results of multivariable negative binomial regression modelling of the association between
self-reported typical number of close contactsa per day with childrenb (including children in own
household) and self-reported incidence of ARI with all participants included in the analysis and those
with known increased risk of reverse causality excluded.
a
Staying at a distance of less than one metre for more than one minute. b Age below 13 years.
c
Adjusted for age, gender, education, number of close contacts/day with adults, occupation status, hand
washing frequency, rooms in dwelling, hours/week using public transportation.

Overall the results imply that the retrospective questionnaire on habitual
behaviour may have yielded data that were not severely afflicted by reverse causality.
Furthermore, given that child contact is even less likely than hand-washing to be
correlated with reporting behaviour, this study suggests that the population-based
surveillance system can be used to assess risk factors for disease.
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7.4

OVERALL OBSERVATIONS

Apart from the methods evaluated and developed and afterwards described in
Paper I-IV, the work has yielded indirect observations relevant to the methods. These
results generally rely on findings made over several seasons or as a result of more than
one study. In this section these observations are described.
7.4.1 Capacity of the surveillance system
For the studies in Paper I-IV to be carried out the population-based surveillance
had to be up and running and functioning satisfactorily as a surveillance instrument.
Therefore our ability to carry out the studies without significant problems was in itself
an indirect testimony to the feasibility of the developed population-based surveillance
method.
More specifically the population-based surveillance system has proven that it can
have a considerable amount of participants under surveillance. In one week in
2009/2010 up to 5,505 concurrent participants were under surveillance, although
surveillance results published on the SMI website for the regular surveillance period
were based on a median of: 3,420; 3,948.5; and 5,493.5 in seasons 2007/2008,
2008/2009 and 2009/2010, respectively. During the surveillance weeks for which
results were published there were always >1,500 surveillance participants under
surveillance.
In 2008/2009 we found that the disease reporting by re-entered participants
exhibited a similar validity as that coming from newly entered participants (Paper II). If
it is assumed that the disease risk does not differ between previous and new
participants, this points to an effective and cheap way to rapidly scale up the
surveillance system. Invitation of previous participants was later practised in the season
when the pandemic reached Sweden (Paper III & IV). This characteristic of the
surveillance system was only tested by re-inviting previous participants at the start of
the regular surveillance period. Whether it is possible to scale up the system during
ongoing surveillance remains to be assessed. Moreover, this practise is unorthodox and
violates established principles for random sampling (87). If there are important flows in
and out of the source population, an older sample will become a less faithful
representation of this population. Further, there is a risk that the almost unavoidable
enrichment, through non-participation, of individuals with certain characteristics, e.g.
being generally compliant and health conscious, is reinforced. If any of these
characteristics are strongly linked to the risk of disease, the surveillance data may
become biased. Therefore, it is always advisable to draw a new random sample.
However, even then, if the target population is the same, the sampling frame will likely
include previous participants. However, the errors introduced through the re-use of
previous participants may be fairly small, while a new random sample of individuals
will be considerably more costly because of its higher degree of non-participation.
The population-based surveillance system has also proven that, with its present
design, it can gather surveillance data continuously, and equally regularly produce
relevant surveillance output in the form of presentable graphs and tables. In fact the
system can be made to produce the surveillance output at any given time using a
moving average based on the last seven days of reporting. At present the system can
instantly also yield outcome data that are time stamped, as well as data on the person
characteristics age and gender for all participants.
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For this work the population-based surveillance system had to produce
surveillance for three consecutive seasons. It has thereby also a proven ability for
continuity on a more overarching time scale. As a further testament to its robustness the
surveillance system proved itself able to withstand the added stress placed on it by a
pandemic in 2009/2010.
Another indirect result is that the population-based surveillance method could
generate surveillance data completely without the involvement of the health care
system. This feature is rare in surveillance, except possibly in some syndromic
surveillance systems, e.g. absenteeism surveillance, and surveillance of self-recruited
groups. As a result of this ability the population-based surveillance was one of few
surveillance systems not affected by changes in health care seeking, specimen
collection or instructions to informants in connection with the influenza pandemic in
2009/2010.
The studies further showed that it was feasible to link the surveillance data to
register data (Paper I). It is also feasible to add questionnaires in several different
manners: solely paper-based (Paper I & II) and a combination of web and paper (Paper
II-IV); short (Paper II) and more extensive questionnaires (Paper I-IV); sending one
(Paper III & IV) or several questionnaires during the surveillance period (Paper I & II);
and during ongoing surveillance (Paper II) or at the end of the surveillance season
(Paper I-IV). Furthermore these questionnaires in general had what can be considered a
good response rate ranging from 70% (Paper III & IV) to 78-86% (Paper II) which is
consistent with that the studies can achieve satisfactory internal validity with regard to
this aspect.
Although the validity study of the self-reporting showed low sensitivity and high
specificity, this characteristic of the population-based surveillance was constant over
time (Paper II). We therefore concluded that we could adjust the surveillance data for
the underreporting. Since we are aware of the underreporting of the outcome we also
attempted to carry out sensitivity analyses in Paper III & IV based on the knowledge of
significant underreporting of disease. The purpose of these sensitivity analyses was not
to produce the correct result but rather to give a sense of the possible results that could
have been produced had the underreporting not been present.
However, we also found that the epidemic curve produced by the populationbased surveillance tended to show a high incidence towards the beginning of the
surveillance period and then gradually decrease. This could be a result of decreased
reporting or increasing drop-out, but the results from our validation studies (Paper II)
indicate that the incidence is captured fairly well by the surveillance, once the
underreporting is taken into account.
Furthermore, although we found that the surveillance results were similar to the
sentinel ILI reporting (Paper I & II) the system, at present, does not produce as distinct
epidemic curves as e.g. laboratory surveillance. The population-based surveillance
reflects ILI incidence but probably needs an improved case definition or the addition of
specimen collection to better discriminate between influenza virus and other infectious
agents that cause similar symptoms.
Overall the studies presented showed that the population-based surveillance
system not only functions as a surveillance instrument. It also renders itself quite well
to analytic studies of relevant public health measures, even in connection with a
pandemic (Paper III & IV).
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8 DISCUSSION
The discussion is divided into: main findings, the strengths and weaknesses of the
methods for population-based surveillance, the strengths and weaknesses of our
scientific approach, comparisons to other types of surveillance, comparison to other
population-based surveillance efforts, and future challenges and opportunities for the
population-based surveillance.
8.1

MAIN FINDINGS

Overall we were able to develop and run methods for population-based
surveillance. Furthermore, the results of our work indicated that: the provision of two
alternative reporting technologies was feasible and did not affect reporting; work
remained for the surveillance not to suffer from selection; the passive surveillance
reporting suffered from low sensitivity in the outcome reporting, but this could be
adjusted for; the population-based surveillance results were similar to what another
surveillance system produced but with almost one magnitude higher cumulative
incidence indicating that the surveillance system encompassed a larger portion of the
milder cases than the traditional surveillance; the system showed a capacity for
continuity and robustness to withstand a pandemic situation; and finally the
surveillance method included the ability to conduct studies of risk factors for disease of
public health importance.
Both the methods we developed for the population-based surveillance and our
work have their strengths and limitations.
8.2

THE METHODS

The developed methods for population-based surveillance have in themselves
strengths and weaknesses and the most relevant are discussed in the following sections.
8.2.1 Strengths
For the individual, an advantage with the described population-based method is
that it does not involve burdensome repeated contacts. Furthermore the individual is not
required to have an e-mail address or Internet access at home in order to participate,
and s/he can use IVR and the Internet interchangeably for disease reporting.
For the public health officials involved in the conducting of surveillance,
strengths of the population-based surveillance include, apart from its ability to detect
milder cases and give an insight into the effect on a population level without involving
the health care system, its capacity to cover a sample size of more than 1,000
individuals over an extended time period. Furthermore it can be scaled up to have the
power to follow specific subgroups, and it can readily produce easily accessible data
around the clock including the basic characteristics on time and person. The
surveillance also has the advantage that analytical studies can be added easily with
good response rates, and thus additional information other than the most basic disease
information on cases and non-cases can be made available without requiring the
involvement of the health care system. Besides, for surveillance purposes the
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surveillance results are possible to adjust, not only for the observed selection, but also
for the underreporting of disease.
Additionally the data collection does not suffer from interviewer bias since all
participants are treated equally when they report symptoms via IVR or Internet, or
respond to questionnaires via the web or on paper. The technology also provides a built
in robustness since the surveillance does not depend solely on one technology for
reporting. Should one technology not be available, the participants are potentially able
to opt for the other.
In general a high sensitivity in a surveillance system is seen as advantageous (3).
On the other hand for analytical studies with non-differential misclassification of the
outcome a high specificity is preferable (60). The population-based method with its
constant underreporting of the outcome renders it possible to adjust the surveillance
results to compensate for a lacking sensitivity. At the same time its high specificity and
the known sensitivity enables analytical studies as long as the misclassification of the
outcome is non-differential. Moreover for analytical studies the known underreporting
of the outcome can be included in attempts at sensitivity analyses of the results.
Finally, validation of the reporting can be carried out, and it can be carried out
repeatedly. Had the system been based on active surveillance then it might have been
even harder to find a validation method that is uncorrelated to the surveillance reporting
without involving direct observation of the individuals. Direct observation would have
been both costly and put the surveillance at risk of Hawthorne effect. The ability to
comparatively easily conduct repeated validations may be a strength if the surveillance
is carried out over longer periods of time. Despite finding no clear signs of changes in
validity over time, it may occur when more time has passed. The population-based
surveillance would be able to handle such a change since validation studies can be
repeated and adjustments made accordingly to the surveillance results.
In a more general perspective, since the population-based surveillance does not
involve the health care system it poses no burden on the health care system. This is
advantageous both from a surveillance point of view and for the health care system
itself since it can direct its resources towards patient care.
Another advantage is that the invitation to the population-based surveillance
system is sent to a random sample of the population. This serves not just the purpose of
reducing selection and the possibility of selection bias; it is also an act of inclusiveness.
Everyone has potentially the opportunity to take part in the surveillance, a factor that
can sometimes perhaps be overlooked but is not without importance to a government
agency.
An additional strength of the population-based surveillance system is the
openness in its conduct vis-à-vis the public. Potential participants are informed of the
surveillance and what it entails and every time they either join the surveillance or report
symptoms it requires a deliberate action with which they willingly provide the agency
with information. This informed consent and repeated active choice to divulge
information is an advantage from an ethical standpoint, and is one way in which the
population-based surveillance differs from e.g. syndromic surveillance which often
does not collect informed consent.
The population-based surveillance also offers an opportunity of outreach for a
government agency to the general population and a chance to create a better
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understanding of public health and epidemiological surveillance. In a long-term
perspective it might even assist in improving response rates in epidemiological studies.
8.2.2 Weaknesses
8.2.2.1 Selection
Quite early on it transpired that the population-based surveillance system suffered
from low participation rates 25%, 32%, 44% for season 2007/2008-2009/2010,
respectively. This indicates that the selection of participants might be affected by bias.
We were able to see that e.g. women were over-represented, as were older individuals
(Paper I & III-IV). However, from a pragmatic surveillance standpoint this may not be
of major concern if the main aim is to follow the trend over time and not measure the
actual incidence (88). Furthermore, the selection can to some extent be handled by
reweighting the population-based surveillance data based e.g. on the age and gender
distribution in the source population. Nonetheless a higher participation rate is desirable
since it would produce more certain estimates and reduce the risk of selection bias.
Although participant characteristics such as gender and age may not cause
selection bias, there is the possibility that those experiencing an ARI when they receive
the invitation are more likely to join the surveillance thus causing an artificially high
incidence at the start of the surveillance period. Therefore the surveillance has as a
routine not to include the first two weeks after the invitation has been sent out, and for
retrospective analytical studies the participants’ first two person-weeks have been
excluded. Indeed the surveillance data has shown high incidences at the beginning of
the surveillance, e.g. the first two weeks in 2007/2008 showed a weekly incidence
proportion of ARI ranging from 7-8%, which was essentially halved the following two
weeks. In addition to the effect of preferential inclusion of invitees with already
developed disease, we suspected that the excess could be due to the participants testing
the system when they joined the surveillance, and we therefore adapted the surveillance
system in 2011/2012 to accept the fictitious NRN 1313131313. In the invitation to
register in the surveillance system we informed the invitees that the system would
accept the dummy NRN if they wished to test the system. The dummy NRN was then
excluded from the surveillance data, but with little effect. After the first two weeks in
the 2011/2012 season the weekly cumulative incidence of ARI ranged from 9-17%,
before it dropped to approximately 4% the following two weeks.
The population-based surveillance was restricted to individuals in Stockholm
County with sufficient knowledge of the Swedish language, and this limits the external
validity of the surveillance data. In the season 2012/2013 the surveillance system tested
for the first time to include the whole of Sweden and thereby potentially improved the
generalizability of the results.
In our analytical epidemiological studies, selection could have reduced the
internal validity by introducing susceptibility bias or confounding that led to a
systematic error (Paper III & IV). These forms of selection bias and how they are
typically incurred are described in detail in the Methodological challenges section of
this thesis.
On the other hand, the external validity is likely less threatened. Since we have
no reason to believe that the mechanism behind the association between e.g. child
contacts outside the household and ARI is different among participants compared to
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non-participants, the relative risk is likely to be valid in the general population (Paper
IV).
However, in a larger perspective, the external validity for the analytical studies
may be limited to individuals in the context of an industrialized country or experiencing
a pandemic.
8.2.2.2 Misclassification
The surveillance is potentially affected by two different levels of
misclassification of the outcome: on the one hand, the underreporting of the outcome,
and on the other the inability to distinguish between different disease agents.
Underreporting
The underreporting was constant over time and we were able to show that in
surveillance this could be adjusted for, albeit with some assumptions (Paper II).
In analytical studies, if the misclassification of the outcome is non-differential,
and has a high specificity but low sensitivity, then it does not affect the estimated risk
ratios and the risk can be adjusted for the lacking sensitivity (60). However, in
analytical studies care has to be taken that the exposure of interest does not correlate
with the misclassification of the outcome which could lead to bias of the studied
association. This could arguably be the case in the study on hand-washing (Paper III),
although less so in the case of the study on child contacts (Paper IV). If the
misclassification of the outcome were deemed differential it may be possible to explore
it, given some assumptions, in sensitivity analyses (Paper III & IV). Furthermore, if we
were able to measure and adjust for the personality trait that can be suspected of
interfering with the underreporting of the outcome and the exposure of interest, this
could perhaps reduce the risk of misclassification.
Distinguishing the disease agent
The risk of misclassification due to the inability to distinguish between different
disease agents can be further divided into the use of a case definition designed for use
by the health care profession, and the inability to confirm an infectious disease agent.
At present the system relies on case definitions based on the ECDC case
definitions. However, the ECDC case definition is created for health care personnel and
involves their judgement. It may be that the words and symptoms applied could be
better adapted to lay language, and include symptoms not readily included in the
clinicians’ case definition but which may be highly sensitive and specific for e.g.
influenza. Aware of this limitation and opportunity to develop an improved method for
population-based surveillance, we attempted to create such a layman case definition for
influenza. Unfortunately the data collection which was based on the sentinel sampling
surveillance proved difficult. We had to temporarily abandon the project due to
insufficient data. However, in the near future our plan is to utilize the collected data in
combination with other data and conduct an analysis that will hopefully result in an
improved case definition. This work would probably also be useful for syndromic
surveillance.
At present the system relies on the ECDC case definition for clinicians, it is
therefore important to remember that a syndrome such as ILI does not equal the
infectious disease agent most often connected to the syndrome. ILI is not equivalent to
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influenza and influenza can present with symptoms that do not fulfil the ILI case
definition. Attempts have been made to include specimen collection in the populationbased surveillance in 2012/2013 and as part of a larger cohort study based on a
methodology highly similar to the population-based surveillance. Specimen collection
might improve the population-based surveillance of influenza, but it would at the same
time increase the cost and the work load for the administration of the surveillance
system. Before the addition of such a routine the advantages and disadvantages in
relation to the aim of the surveillance would have to be taken into careful consideration.
Although it could be argued that the study results would have been of greater
interest had the study been able to distinguish between ARI, ILI and influenza, the
present population-based surveillance can nevertheless provide an insight into the
impact of disease on the population. Furthermore the surveillance also provides
valuable information as to the effect of different public health measures since a “cold”
or “influenza-like illness” would likely be the basis for public health information
campaigns.
8.2.2.3 Lack of place
At present the surveillance makes little use of information on place, one of the
basic information criteria in surveillance. For the studies presented in this thesis, place
was not particularly needed since they were all confined to a rather narrow
geographical area with much mixing of people. However, the postal code of the home
address of the participants can be accessed and could give a proxy measure. Another
option is to retrieve the postal code for where the participant is when they are ill, either
by adding a question on postal code to the symptom questionnaire, or by the addition of
an extra questionnaire sent to participants who report disease.
8.2.2.4 System design
There are several weaknesses that are inherent to the current design of the
population-based surveillance system:
• We decided early on to rely on passive surveillance and never tested active
population-based surveillance. This could be construed as a weakness. However,
the reasons for choosing passive surveillance were several, including the need for
next-to-real-time surveillance that active surveillance cannot provide unless
performed on a daily basis. Although not included in this work, it can be worth
mentioning that a comparison of the passive population-based surveillance to an
active surveillance of a self-recruited group is currently ongoing.
• Since the system relies on an invitation with a description of what should trigger a
report it is not flexible once started. This can be a weakness to the surveillance
system. Even if the trigger were changed during the surveillance period by
supplying all participants with the relevant information, there would still be a lack
of reference data unless the trigger had been included in previous surveillance.
Another option would be to increase the sensitivity even further and let the
surveillance routinely encompass all new instances of symptoms. This may prove
too large a burden on the participants and thus impractical, but until tested
remains unknown.
• Finally another weakness of the surveillance system is the cost of running it,
especially the recruitment. The printing and mailing of the invitation, including
postage, is costly, especially because the participation rate is low. However, at
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present there are no alternative methods to contact a random sample of the
population.
8.3

THE SCIENTIFIC APPROACH

The scientific approach we applied to develop the methods for population-based
surveillance has its own strengths and weaknesses that differ from those of the
developed methods.
8.3.1 Strengths
The major strength of the development work is the evaluation of the methods that
was carried out. Although not all possible aspects of the methods were evaluated,
several were, and often in several different ways and over time. Furthermore we
implemented improvements and assessed the result.
8.3.2 Weaknesses
In hindsight it would have been interesting, and perhaps even more elucidating,
had we tested the effect of the reporting technologies (Paper I) not just with a binary
outcome and log-binomial regression, but also with the total number of reports per
individual. There being no effect on the dichotomous outcome studied is of interest, but
it is not equivalent to there being no effect on the repeated reporting that is a
prerequisite for the developed population-based surveillance. We could also have
assessed the non-participation further with regression modelling to adjust for
confounding factors in order to get a clearer picture of the selection forces.
Among the weaknesses of the study of the outcome reporting (Paper II) is that
there was no true gold standard. We used one-week recall questionnaires as the best
option available to us. However, since it is not a gold standard it renders adjustments
with the calculated validity measures uncertain. Another weakness regarding the
validation of the reporting is that we were unable to perform a complete triangulation of
the results between the three different data collection methods: the validation
questionnaires, the end-of-follow-up questionnaire, and the population-based
surveillance. If we would have been able to calculate a comparable incidence from the
three data sources this could have generated stronger evidence for the size of the
underreporting.
The analytic studies testing whether the population-based surveillance system
could yield data on risk factors for disease (Paper III & IV) were only tested during one
season, moreover under pandemic conditions. It may be that the results would have
been similar under non-pandemic conditions, but unfortunately this was not tested. On
the other hand we were able to show that the system with an added questionnaire could
yield data on risk factors under pandemic conditions, which in itself is a strength.
Another possible weakness that has been mentioned is that a retrospective
questionnaire at the end of the surveillance period (Paper III & IV) may not be ideal for
cohort studies because of the risk of reverse causality and recall bias. In the described
work we had to rely on a retrospective questionnaire for economical and practical
reasons, and argued that reverse causality was likely a minor problem despite the use of
a retrospective questionnaire (Paper IV). Moreover, in reality neither reverse causality
nor recall bias are likely avoided by a prospective questionnaire as long as the
surveillance is aimed at a repetitive phenomenon such as ARIs. A retrospective
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questionnaire generates data that are relevant to the time period in question and can, at
least to some extent, take reverse causality into account. Nonetheless, we have also
tested to send a questionnaire at the start of the surveillance in 2012/2013.
The choice of hand-washing as the main exposure for one of the risk factor
studies (Paper III) rendered the study open to potential information bias since it may be
correlated to the outcome reporting. This weakness was to some degree gainsaid by the
attempted sensitivity analysis which included weighting inverse to the submitted
reports, and as far as we were able to ascertain did not indicate a protective effect by
hand-washing.
The four studies included in this work were all set in Stockholm County which
might limit the external validity. We originally chose to focus on the capital and its
surrounding areas as we hypothesized that the inhabitants of the capital would be even
harder to recruit than the population in general. The reasoning was that if it was feasible
to conduct the surveillance in Stockholm County then it was likely feasible in other
areas as well. In the 2012/2013 season the population-based surveillance system was
applied on a national level in Sweden and the results are currently being evaluated.
An overall weakness is that we never tested the attrition. If participants are lost to
follow-up but do not actively report that they are leaving the study, they contribute
person-time that affects both the weekly incidence proportion of the surveillance as
well as the incidence in analytical studies. Such attrition would lead to an underestimate
of the incidence measures. However, to directly study the attrition would be difficult
because the participants may see it as desirable to respond that they were still active
participants albeit being inactive. Indirectly major losses to follow-up were to some
extent contradicted by our findings that the validity did not change over time, the
surveillance results showed similarities to the sentinel surveillance, and that the
incidence in the retrospective questionnaire did not exhibit an even greater difference to
the incidence calculated from the surveillance results.
8.4

COMPARISON TO OTHER EXISTING SURVEILLANCE

For clarity, the following comparison to other existing surveillance is divided into
comparisons to health care-based surveillance and non-health-care-based surveillance.
8.4.1 Comparisons to health care-based surveillance
Compared to health care-based surveillance such as notifiable diseases,
laboratory, sentinel, serological, individual doctors, disease registers and also some of
the syndromic surveillance, the population-based surveillance does not put any strain
on the health care system, is independent of health care seeking behaviour and changes
in individual health care surveillance systems, e.g. when a new disease is made
notifiable. As a natural consequence the population-based surveillance does not provide
a clinical diagnosis, and its ability to differentiate between various infectious agents
could benefit from improvement.
Population-based surveillance is neither designed to detect the severe cases, nor
for early detection of outbreaks. For severe cases health care-based surveillance is
presumably superior. For early detection, health care-based surveillance would likely
be more adequate than population-based surveillance if the infectious agent causes
severe illness, and it is possible that the syndromic surveillance may be more adequate
for milder cases. From a more continual timeliness perspective the population-based
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surveillance system performs equally well as sentinel surveillance, and better than
disease registers, but may be surpassed by e.g. syndromic surveillance.
Compared to serological surveillance the population-based surveillance does not
provide information on asymptomatic infections but can on the other hand distinguish
the number of symptomatic cases and can be carried out in next-to-real-time.
Population-based surveillance would presumably be comparatively inefficient at
detecting resistance patterns and variation in infectious agents compared to laboratory
surveillance and sentinel sampling, even if sampling was added.
Finally, in countries where all illnesses, including ILI and ARI, always lead to a
visit to the GP, the sentinel system could estimate the denominator in a case fatality
calculation. Even in a country where the health care seeking behaviour had been
surveyed and adjusted for, this could potentially be feasible. However, in the event of
changes in the health care system, or perhaps more importantly changes in health care
seeking behaviour, as is quite possible e.g. during a pandemic, the sentinel surveillance
system would no longer be as able to estimate the impact of common syndromes that
do not at all times involve contact with the health care system.
8.4.2 Comparisons to non-health-care-based surveillance
Other surveillance systems that do not rely on the health care system share many
of the limitations and strengths exhibited by population-based surveillance. Two
examples of surveillance that are largely or completely independent of the health care
system are syndromic surveillance and surveillance based on self-recruited groups.
Syndromic surveillance may, like population-based surveillance, not rely on the
presentation of cases to the health care system, but it does require some sort of
behavioural change that can be detected, and although it may be highly sensitive the
specificity is likely lower. Compared to syndromic surveillance, the population-based
surveillance is a more overt form of surveillance and can apply a more specific case
definition for all cases, provide more descriptive data on the cases and non-cases, and
detect recurring episodes in the same individual.
Lastly, the population-based surveillance we developed shares many
characteristics with the surveillance based on self-recruited groups. For example
population-based surveillance depends on individuals reporting their health status and
can comparatively easily be turned into an instrument for analytical studies. However,
there is at least one significant difference. Unlike the surveillance based on selfrecruited groups, the population-based surveillance we developed could comparatively
confidently reflect an estimate of the cumulative population-based incidence
independent of health care seeking behaviour since it can be adjusted for
underreporting and it can be weighted based on the random sample recruitment.
8.5

OTHER EFFORTS AT POPULATION-BASED SURVEILLANCE

The term population-based surveillance has been used by many, and not always
in the same sense. At times the term has been used for studies of limited duration (89,
90), making the term study rather more appropriate. Other times population-based
surveillance is used e.g. when referring to studies that utilize laboratory-based
surveillance data (91, 92), which is presumably adequate as long as all cases within a
geographically defined area can be expected to present themselves to the health care
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system and be laboratory confirmed. However, whether the surveillance data is
continuously followed can be difficult to ascertain from the published studies. Other
times the term population-based surveillance has been applied to what is evidently a
limited time with laboratory identified cases (93). Others have realized that the disease
they wish to study does not always elicit a health care visit and have tried to adjust for
health care seeking behaviour by using survey data on health care seeking (94, 95). Of
the hitherto mentioned population-based surveillance the latter comes closest to
population-based surveillance as we define it, but it is fraught with uncertainty since
health care seeking behaviour may change e.g. by the different strains of influenza or
e.g. with the occurrence of a pandemic or outbreak.
However, as previously mentioned, other attempts at population-based
surveillance that recruits directly from the general population, by random sampling or
including all individuals in an area, can be found (29, 30, 35). These attempts rely on
household visits by field workers, which unfortunately renders them vulnerable to
interviewer bias, delays in disease reporting, and finally, although allowing e.g. followup of disease episodes, this method is at present not feasible in a country like Sweden.
The population-based surveillance we developed instead utilizes methods more similar
to what can be found in surveillance that relies on self-recruited groups e.g. in the use
of the Internet for data collection (25, 27).
Overall the surveillance system that we created differs from previous efforts at
population-based surveillance because it can be conducted continuously, in an
automated fashion, and can capture syndromes that sometimes fail to elicit health care
seeking. All in all the method of population-based surveillance that we created fills a
gap in current population-based surveillance methodology.
8.6

IN THE FUTURE

Some of the future challenges and opportunities for the population-based
surveillance are listed below:
Already in 2007/2008 61% of participants chose to join the surveillance via the
Internet. In future we may have personal e-mail addresses that are kept in population
registers and can be used instead of postal addresses. Such a move away from paper
invitations and questionnaires would have implications for the environment, data
protection, and would presumably also lower the cost of running a population-based
surveillance system. In fact such a change could lead to easier recruitment procedures
which in turn could render recruitment of participants for shorter time periods that
overlap less labour intensive and costly, and this might increase the participation rate.
The population-based surveillance is one of few surveillance methods
independent of health care policy, health care insurance system, and health care seeking
behaviour. This allows for assessment of trends over time when other surveillance
systems produce data that is no longer comparable to previous data because of changes
in policies or health care seeking behaviour. On the other hand, a change in reporting
behaviour would affect the population-based surveillance, but this could be measured in
validation studies and adjustments could be made accordingly. The population-based
surveillance thus offers a comparatively resilient surveillance system.
One of the original ideas when the population-based surveillance was still at the
design stage was to have a ”black box”. This black box would contain data from the
different registers, including e.g. previous hospitalizations, household income, family
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size, pregnancies, and vaccinations, and would be connected to the surveillance data.
This linking of register data could potentially be achieved through the NRNs in
Sweden. To avoid identification, the NRNs would be removed and the surveillance
administrator would only have access to deidentified data, albeit on individual level,
and could thus more easily identify risk groups, and adjust for selection. Alas, this is
not possible at present due to data protection laws, but this could perhaps be added to
future population-based surveillance.
At this point the population-based surveillance has only been used to capture ARI
and ILI, but it should conceivably be useful for the surveillance and study of other
outcomes as well. For surveillance it requires a fairly common outcome to have the
power to detect the incidence with a reasonable degree of certainty, and this limits the
outcomes that can be followed. Nonetheless there are a few possible candidates, e.g.
gastroenteritis, febrile conditions, and syndromes with dermatological manifestations
such as exanthemas – perhaps limited to the age group <15 years. Other non-infectious
outcomes that could be followed are e.g. anxiety or depressive symptoms, mosquito or
tick bites, and minor accidents resulting in wounds or skin abrasions. Possible risk
factors for disease that could be studied with the help of population-based surveillance
are e.g. eating, sleeping and exercise behaviour; immunization coverage; and attitudes
and knowledge before, during and after information campaigns.
Although we did not explore the potential for prospective studies with possible
addition of register data on e.g. death and hospitalizations in a long-term perspective,
this should be another possible avenue for studies.
Since resources are limited and SMI has decided to carry out a study to test the
feasibility of an Internet-based population-based active surveillance the populationbased surveillance with the methods described in this thesis is put on hold for season
2013/2014.
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9 CONCLUSION
PAPER I
-

-

With the current design of the population-based surveillance system the
overall participation rate is low, and the surveillance is subject to selection
with an overrepresentation of the elderly, women, well-educated individuals,
and individuals living in two-person households, those with high household
income and those who are married.
A majority of the surveillance participants chose the web as reporting
technology but almost 40% chose IVR.
The self-reporting of disease was not affected by the choice of reporting
technology.
PAPER II

-

There was marked but constant levels of underreporting and next to no false
reporting of ARI and fever.
Compared to newly entered participants, participants that re-enter have overall
a similar pattern to their validity measures.
Compared to the sentinel surveillance the epidemic curve produced by the
population-based surveillance showed a similar pattern.
PAPER III

-

Increased frequency of hand-washing, as the layman perceives it, beyond 4
times daily may have little protective effect on ARI or ILI incidence, except
possibly among those engaged in health care work.
PAPER IV

-

60

Reducing the number of child contacts outside the household may reduce the
ARI incidence but only if the individual has few contacts.

10 SUMMARY OF OVERALL RESULTS AND
IMPLICATIONS
10.1 SUMMARY OF OVERALL RESULTS
According to the definition of surveillance, accuracy and completeness are not an
absolute requirement for surveillance. Even though these characteristics are not
required, we were able to show that when developing surveillance methods much can
be gained by studying them. In fact, the work we carried out improved our ability to
develop the surveillance methods and interpret the surveillance results.
The resulting population-based surveillance can function as a tool for:
surveillance and studies of disease risk factors. The developed population-based
surveillance system captures neither hospitalization, nor death. It also does not ascertain
the toll a disease takes on other forms of health care system utilization, but it does
provide a next-to-real-time estimate of the cumulative incidence in the population without requiring health care seeking or considerable field work. As such it provides a
missing piece of surveillance information.
Whether the developed population-based surveillance should be run or not is
dependent on other factors, not just the methods, and is not an aim of this work.
10.2 IMPLICATIONS
Given the low participation rate and the difficulties in assessing the number of
influenza cases some further improvements are desirable. To this end factors that could
influence the participation rate could be explored e.g. by testing whether a shorter
commitment could increase the participation rate. To improve the ability to estimate the
cumulative incidence of a specific infectious agent improved case definitions could be
developed.
More countries will need to test the population-based surveillance system before
it can become a widely accepted form of surveillance. Essentially though, the scheme
should be applicable in all countries where a random sample of the population can be
informed of the surveillance and has access to a telephone or the Internet at home.
With the introduction to other countries would also have to follow the
appropriate validation studies, and more work on the case definitions and triggers as
they may have to be adapted for different cultures.
Once introduced in different settings, the population-based surveillance would
likely improve comparisons of surveillance results between countries since these would
no longer be dependent on health care seeking behaviour. Furthermore our capability to
assess the case fatality rate in large epidemics and pandemics could be improved, and
analytical studies of risk factors for disease appended to the population-based
surveillance may lead to better adapted public health measures.
Some of the findings of this work, e.g. the validity of the self-reporting of disease
events or the interchangeable use of reporting technologies, may be applicable in other
research such as the design of prospective cohort studies.
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Lastly, the validation and evaluation work with the surveillance methods
increases the understanding and use of a surveillance system. In that respect our work
may inspire others to conduct similar studies of other surveillance systems and further
improve their surveillance. If data from these improved surveillance systems is applied
judiciously for prevention of disease this may lead to the improved health in the general
population.
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11 FUTURE AREAS OF REASERCH
The work and findings described in this thesis can inspire research in several different
areas that could and should be explored in future. I will describe some of them briefly:
Participation rate
A qualitative study on how to reach and motivate groups that at present are
underrepresented in the population-based surveillance would be highly interesting. If
adaptations to the surveillance system could be made accordingly and evaluated, then
the population-based surveillance could be further improved.
A pilot study with recruitment of participants for shorter time periods to test
whether a shorter commitment could increase the participation rate and reduce
selection would also be interesting to conduct.
•

Case definition
The health practitioner-based case definitions that are presently frequently used
could be improved for use in population-based and syndromic surveillance. It would be
of interest to explore if case definitions for laymen could be developed with acceptable
sensitivity and specificity not only for influenza, but for other infectious agents as well.
This could improve the ability of the public health authorities to collect data for action.
Work of this kind has been initiated.
•

Change of focus for the population-based surveillance
The population-based surveillance system was in this work tested as surveillance
of ILI and ARI. Although at the time the most pressing area to test the surveillance
within, it would be of interest to assess its ability to follow other infectious disease
syndromes, and perhaps even more interesting whether the surveillance could be
applied to non-infectious exposures and outcomes of interest.
•

Routine adjustment of population-based surveillance output
Since 2011/2012 the population-based surveillance data that have been
presented on the SMI website are weighted to better reflect the sampled general
population. However, the routine could also be adapted to include adjustment for
underreporting of disease. Work of this kind has been initiated.
•

For cohort studies
The methods developed for population-based surveillance may be of interest
when conducting prospective cohort studies, especially cohort studies with considerable
sample sizes. The methodology has indeed been applied in one such study, SWEDE-I,
in 2011/2012.
•
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