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CHAPTER 1 

General introduction: 
Characteristics of outbreaks, infectious 

disease control and outbreak investigation 

1.1 INTRODUCTION ^ 

This thesis is about the epidemiology and control of outbreaks. In this introductory 
chapter, I discuss three general topics on outbreaks. The first part describes the characteristics 
of outbreaks. The second part is about the present organization of our infrastructure to control 
outbreaks. This part considers the foundation of our defence network or in other words the 
work of the department of infectious diseases of the Municipal Public Health Services 
(MHSs). The third part is about the basics of outbreak management and outbreak epidemiology. 

1.2 OUTBREAKS M 

A general definition of an outbreak or epidemic is not so easy to provide. Two cases 
of L<g/o»e//fl-pneumonia in an institution can be called an outbreak while two cases of gastro
enteritis in an institution can be the ordinary background incidence. Calling a cluster of cases 
an outbreak has to do with the severity of the disease, the potential transmittability, the back
ground incidence and the way cases are related in time, geographical area or behaviour. 
Almost every outbreak of a known or new disease starts with someone noticing an unusual 
number of cases. In this thesis, I use the word 'outbreak' as the sudden emergence of a cluster 
of cases of an infectious disease, whereby the number of cases in a certain group of people 
within a specific period is larger than expected. Important aspects of outbreaks are their acute 
and unexpected onset and the time pressure during analysis and control. For an outbreak to 
start, one or more of the following factors are usually needed: a group of susceptible and 
exposed persons of adequate size, increased virulence of a pathogen, a known micro-organism 
with a new epidemiology, an upsurge of an ubiquitous pathogen, an effective route of trans
mission from the source to the susceptible population, the introduction of new microbes or 
a known pathogen with an altered antimicrobial resistance.78 
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Depending on their mode of transmission, three different types of outbreaks can generally 
be distinguished: point source, extended source (intermittent or continuous common source) 
or person-to-person.7 The most evident is the outbreak caused by exposure to a common 
short-lived source (point source), as this leads to a brief outburst of cases. In a point source 
outbreak, it is often possible to estimate the common time of exposure, if the disease and its 
incubation time are known. Frequently, the first case to be diagnosed is not the first case in 
time (index case). This is a common feature of outbreak investigations, when extended case 
finding reveals that cases were initially not noticed or not reported. When exposure is 
protracted (extended source) new cases will be observed over a length of time, without a 
clear peak. A disease that can be transferred from one person to another (person-to-person) 
results in multiple periods of increased incidence, representing several 'generations' of infections. 
The interval between successive waves is called the serial interval, and is often shorter than 
the incubation period. This is easily understood if one realises that the index case could well 
have been infectious for some days before the patient fell ill. Obviously, mixed types of 
outbreaks do occur in practice. However, it is essential to recognise direct person-to-person 
transmission or continuous exposure to a common source, to allow immediate effective 
interventions to prevent further cases. 

Only when no new cases are observed after twice the incubation time has elapsed 
after the infectious period of the last patient, the outbreak can confidently be regarded as 
finished. 

• 1.3 THE MHS 

The responsibilities of the department of infectious diseases of the MHSs for com
municable disease control in the Netherlands are embedded in two important Acts, the 
Collective Prevention in Public Health Act (CPPHA-Wef Collectieve Preventie 

Volksgezondheid)9 and the Communicable Disease Act (CDA-Infectieziektenwet). 

Collective Prevention in Public Health Act 

The CPPHA confers the final responsibility for communicable disease control to the 
Town Council, which entrusts the task of day-to-day implementation to the director of the 
MHS. According to the CPPHA, apart from its other duties, the MHS is responsible for 
outbreak management in the case of (potential) outbreaks, active source and contact tracing, 
preventive activities, health education, public relations and information, monitoring specific 
groups of persons and, if necessary, vaccination.10•" The MHS is responsible for the control 
of all infectious diseases." 
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Communicable Disease Act 
The CDA makes provision for measures to protect the health of the population against 

infectious diseases. The Act specifies two particular components of communicable disease 
control: the mandatory notification of certain infectious diseases by physicians and medical 
microbiological laboratories (including the Regional Public Health Laboratory - PHL), 
compulsory reporting of specific symptoms by institutions, and in the case of some categories 
of infectious diseases, the possible execution of compulsory measures such as isolation, medical 
examination, ban on labour, closure of buildings and directives of a technical-hygienic nature. 
In 2003, obligatory quarantine and obligatory medical attention are added to the list of 
measures as response to the threat of SARS-corona virus and smallpox. 

Certain groups (or subgroups) in the population are more vulnerable to infectious 
diseases than others. These include especially the sick, young children, elderly persons and 
the mentally handicapped, and because of their vulnerability infections occur more frequently 
and may have serious consequences. At institutions where these groups of people reside 
(permanently or semi-permanently) or meet, there is a risk of accelerated transmission of a 
pathogen, and unusual numbers of cases can be observed at the early stages of outbreaks. 
Therefore, the Communicable Disease Act stipulates also mandatory notification by the 
heads of institutions. This is to enable the MHS to investigate the circumstances and, when 
necessary, to introduce certain measures in place to prevent further spread of disease to persons 
inside or outside the institution.13 Such institutions include nursing homes, hospitals, homes 
for the elderly, nursing homes, institutes for the mentally handicapped, residential or semi-
residential juvenile group homes or institutions for specialised foster care, nurseries and day
care centres for children, primary schools, asylum seekers' retention and detention centres 
and shelters for the homeless.46 Residential situations comparable to normal households are 
exempted. The relevant article in the CDA mentions signs and symptoms recognisable by 
non-medically trained staff: jaundice, rash, diarrhoea or other severe conditions of a possibly 
infectious nature among the risk group or the attending or nursing and axillary staff.' 

Health Care Institutions Act 
National quality criteria derived from the Quality Assurance in Health Care 

Institutions Act (Kwaliteitswet Gezondheidszorg) have been further specified by the 
Inspectorate of Health Care (IGZ) and approved by the National Working Party on Infectious 
Diseases (Landelijk Overleg Infectieziekten) in its 'Quality Profile for communicable disease 
control' (Kwaliteitsprofiel bestrijding infectieziekten en opsporing ziekteoorzaken)."12 

The profile lays down the standard quality requirements for communicable disease control. 
It includes quality criteria for regional and national collaboration, accessibility, expertise, 
procedures, policy-making and safety. Recently, this profile is embedded in a certification 
scheme for quality of care (HKZ-certificatie schema). 

In terms of general quality standards, the MHS is to employ sufficient physicians. 
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nurses and administrative staffs, depending on the number of inhabitants, the incidence of 
infectious diseases, the presence of certain risk groups and the hazard of outbreaks. The 
Department of Communicable Disease Control of the MHS is expected to maintain collaborative 
frameworks at internal level (involving the Department of Health Education, the Department 
of Epidemiology, the Department of Child Health and School Health and the Department of 
Environmental Health) as well as externally. At the regional level, this concerns collaboration 
with general practitioners, medical specialists, hospitals, microbiologists and medical micro
biology laboratories (including the PHL), organisations for addiction care, other municipal 
offices, infant and child welfare centres and other institutions which have a duty to notify 
communicable diseases or symptoms. Beyond the catchments area, collaboration involves 
other MHSs, the regional or national offices of the IGZ, the National Institute of Public 
Health and the Environment (RIVM-Rijkslnstituut voor Volksgezondheid en Milieuhygiëne), 

the Inspectorate for the control of Food Standards (KvW-Keuringsdienst van Waren), the 
Inspectorate for the Environment (Inspectie VROM) and the local and regional authorities. At 
least once a year, a meeting has to be convened with medical microbiologists from the micro
biological laboratories, dermatologists, general practitioners, local authorities and other relevant 
institutions within the region. Written directives regulate notification procedures for the local 
authorities, the medical microbiologists from the microbiological laboratories, the medical 
specialists and institutions who have a duty to notify infectious diseases or symptoms under 
the CDA, and a blueprint must be drawn up to co-ordinate or scale up procedures in case of 
a calamity. The MHS is expected to guarantee the availability and accessibility of a public 
health physician or nurse around the clock, for immediate intervention, while a qualified 
Consultant on Communicable Disease Control (CCDC - arts infectieziektebestrijding) has 
the final responsibility for communicable disease control. The MHS also has to employ at 
least one public health staff nurse, with special training in communicable disease control. 
The MHS has to participate in the regional meetings on communicable disease control and 
a delegate acts as the national representative of all MHSs in the province or region. 

The policy of the IGZ is to have written guidelines for communicable disease control, 
prescribing actions and policies, as well as providing regularly updated records on infectious 
diseases in the catchments area of a MHS (based upon regional data derived from active 
surveillance, epidemiological surveys, notifications and health status reports, demographical 
information and extrapolation of external statistics). These figures also provide information 
on the incidence of infectious diseases among certain risk groups. An active strategy has to 
be outlined, aimed at case finding and control of communicable diseases among these risk 
groups, through epidemiological investigations, health education, vaccinations and screening. 
These figures must be organised in such a way that overviews of infectious diseases can be 
made per physician, school or institution. Epidemiological analyses of the notifications are 
to be published in an annual report on infectious diseases in the region, summarised per 
municipality, and reflecting trends over the years as well as any differences between the 
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various MHSs. At least once every month, a practical and procedural meeting takes place 
(local communicable diseases meeting), intended to improve notification by analysis of the 
reports, consultations with those involved, adequate feedback, accessibility of the MHS and 
verification of signals from the field. The meeting also discusses possible control activities 
for non-notifiable diseases. At least once a year, feedback on the notifications is given to all 
professionals and institutions. All procedures have to be accessible to the staff at the 
department of infectious diseases and have to comply with the guidelines of the National 
Coordination for Communicable Disease Control (LCI - Bureau Landelijke Coördinatie

structuur Infectieziekten). 

1.4 OUTBREAK MANAGEMENT AND OUTBREAK EPIDEMIOLOGY -M 

The process of outbreak management can be differentiated into reporting, verification, 
outbreak management team formation, communication, outbreak analysis and intervention. 
In many cases, these stages do not follow a distinct chronological order but rather take place 
simultaneously, and switching back and forth between stages is often necessary. 

Detection of signals 
Identification of an outbreak usually starts with the observation of one or more possible 

cases of an infectious disease. Early detection is essential for analysis and possible interventions. 
The MHS can detect signals of outbreaks by different means. These are formal notification 
of an infectious disease (e.g. Legionella), notification of clusters of symptoms probably caused 
by an infectious disease (e.g. three cases of pneumonia on a ward), disease surveillance (e.g. 
a rise in Legionella cases in a certain time and geographical area) or syndrome surveillance 
(e.g. a rise in pneumonia among hospital patients and staff). 

The detection of signals in the Netherlands is mainly focused on mandatory notification, 
which is regulated by the CDA. Physicians, medical microbiology laboratories and certain 
institutions are required to notify the diagnosis or possible symptoms of certain infectious 
diseases. The MHS should be prepared to receive this information, preferably by making 
available a public health physician or nurse during office hours, an on-call duty roster for 
round-the-clock accessibility and availability of a CCDC, the availability of communication 
equipment (telephone, mobile telephone, fax and e-mail) and the dissemination of information 
about the accessibility of the MHSs among those who are responsible for notification. 

In the Netherlands, the RIVM mainly focuses on disease surveillance to detect unusual 
rises in incidence and thereby underlying outbreaks. The challenge of this kind of detection 
is the realisation of continuity of the disease surveillance with a constant case-definition, a 
large degree of participation and the establishment of an accurate threshold for an outbreak 
alert. All kind of algorithms is explored to make this detection sensitive and specific for 
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different infectious diseases. For this disease surveillance, historic data and exploration of 
present cases are used to differentiate between background disease dynamics and a 'real' 
rise in incidence as a reflection of an outbreak signal. Syndrome surveillance is hardly 
implemented in the Netherlands. This tool can be important in the detection of outbreaks of 
unknown causes. An example of this tool is the continuous registration and interpretation of 
influenza-like complaints by a representative number of general practitioners to monitor the 
outbreak dynamics of influenza. This syndrome surveillance can be an especially important 
tool in the light of possible bioterroristic attacks or new emerging communicable diseases. 
The mandatory notification of clusters of possible communicable diseases by institutions is 
also a kind of syndrome surveillance. Early 2004, the IGZ alerted hospitals referring to the 
SARS-outbreak, to notify the MHS when a cluster of pneumonia cases among patients and 
staff occurred. 

Verification 
Verification of a reported case is very important. Inadequate verification of a reported 

event can create various expectations about interventions by the MHSs, whereas the report 
may eventually turn out to be a false signal. Before any advice is given about measures to be 
taken, a certain degree of confirmation of the pathogen, the severity of the clinical symptoms 
and the number of cases is required. These results will determine the actions of the MHS." 
Case verification usually takes place at the regional laboratory or is done by the attending 
physicians. An attack rate can be calculated by dividing the number of cases by the number 
of susceptible persons. This percentage provides an indication of the spread of the disease in 
the group at risk. The attack rate can contribute towards the assessment of the significance of 
an outbreak. A formal comparison between the cases and the afflicted group (denominator) is 
seldom made. Instead, decisions are often made based on general, everyday knowledge and 
experience, yielding some rather imprecise sense of what is usual and common and what is 
not. Such notions are necessary for any more rigorous investigation to be initiated. 

The microbiological diagnosis of an outbreak is not always clear or recognized within a 
reasonable time. Therefore, a case-definition is important to establish which cases belong to the 
outbreak (probable cases) and which cases are possibly related to the outbreak (possible cases). 
This definition must be based on the present information of the first cases - for instance clinical 
syndrome, development of symptoms in time, specific behaviour of patients and/or specific geo
graphical area. This case-definition can be modified when more information becomes available. 
In the beginning, it can be quite difficult to make the case-definition accurate - ruling out false 
positive and false negative cases. Nevertheless, this exercise is especially important when an 
infectious disease caused by an unknown microbe takes place. These verifications can be the 
first steps in recognizing a bioterroristic attack or new emerging infectious disease. 

Occasionally, the experts are confronted with a pseudo-outbreak - an alleged epidemic. 
Chapter 7 describes such a pseudo-outbreak of MRSA in a Dutch nursing home, caused by 
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a laboratory error. Apart from mistakes at a laboratory, pseudo-outbreaks can result from 
errors made by the MHS or be the result of a mass-psychological effect. The best method to 
distinguish between a pseudo-outbreak and a real outbreak is to compare the clinical, micro
biological and epidemiological information with findings published in the literature. All 
observations should form a consistent picture and a consistently critical attitude is always 
necessary. 

Apart from case verification, active case finding can be used among all persons pos
sibly exposed to the pathogen or among those with certain symptoms. It is important to know 
which diagnostic tools for such case finding are available at the regional laboratory and 
which facilities have to be sought outside the region. For example, more specific molecular 
typing methods may be needed in order to determine whether the cases are caused by the 
same agent and to provide the microbiological evidence for the outbreak. 

Outbreak management team formation 
At the start of an outbreak, it is advisable to form an outbreak management team to 

investigate the situation and formulate the strategy. The nature of the outbreak management 
team depends on the circumstances. Members of the outbreak management team normally 
include the CCDC and the Public Health Nurse for Communicable Disease Control of the 
MHS; a representative of the institution involved who is familiar with circumstances at the 
institution, and secretarial support. The outbreak management team can be extended to include 
decision-makers or external specialists, such as a microbiologist, a clinician, or experts from 
the LCI or the RIVM. Organising an outbreak management team allows joint decisions to be 
taken and tasks to be divided. The outbreak management team can advise those officially 
responsible, such as the director of the institution involved and/or the mayor, on important 
issues. 

Communication 
During an outbreak, communication means the dissemination of information to the 

public (risk communication) on the one hand and reporting to the responsible authorities and 
professionals of specific institutions on the other. When assessing the risks in an outbreak, 
experts emphasise quantitative data, whereas the public are much more likely to base their 
opinions on qualitative aspects. The discrepancies between the public's opinion about the 
risks and that of the risk assessors or authorities can create a great deal of tension." The MHS 
cannot therefore limit itself to scientific explanations of the risks but must also pay attention 
to the risk perception of all parties involved. 

General factors as well as personal aspects, such as attitude, sensibility and specific 
fears, determine the risk perception of the public. Elements that increase the perceived risk 
are non-voluntary exposure, uncontrollable situation, personal damage or burden, the potential 
of a catastrophe, life-threatening consequences, technological origin, uncertainty of possible 
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risks, unfamiliarity and invisibility, social unacceptability and lack of confidence in the 
provider of the information for instance the authorities.14 The opposites of these factors will 
decrease the perceived risk. In any outbreak of an infectious disease, most of the above 
factors determining the risk perception will be present. The confidence in the source of 
information appears to be decided by expertise, openness, identification with the public's 
situation and sensitivity to emotions.15 Actually or apparently conflicting results of scientific 
research or disputes among experts regarding the risks can undermine confidence among 
citizens who are already concerned. Media attention greatly influences the way the public 
assesses the danger, because the general public's opinion is based upon this type of informa
tion.16 News media tend to emphasise drama, personal emotions, conflicting information, 
responsibility and symbolism.17 Events from the past create mistrust towards the government 
if it is believed that the authorities are not informing their citizens fully or in good time.18 

The news media can play a crucial role in strengthening negative risk perceptions, but if they 
are adequately informed, they can also play a positive part in the communication process.1921 

Guidelines for proper risk communication are: take a serious attitude towards 
commotion, inform the public of the risks from the start, emphasise trust, credibility and 
expertise, avoid jargon, explain risks as much as possible by means of health education on 
transmission routes and possible consequences, compare the risk with known and familiar 
hazards, give treatment advice and maintain the opportunity to communicate. Proper risk 
communication can help ensure that those involved are able to build a well informed opinion 
about any risks.13 

Civilians and those working in the field of infectious disease control often presume 
that the infectious disease policy is based on a more or less evidence-based advice from 
experts. In practice, many infectious disease control policies and interventions - especially 
after outbreaks - are politically coloured. They are based on political arguments rather than 
facts alone. These political choices are frequently a reflection of the existent public opinion 
to maximise interventions in order to minimize the risk. Media driven hypes - especially after 
(embroidered) outbreaks are often reinforced by these choices. Examples of these mechanisms 
are identifiable in the national policy for Legionella reduction in collective water systems 
leading to an enormous cost-ineffective approach for all kinds of public buildings and the 
accelerated introduction of national policy to start a vaccination programme for serogroup C 
meningococcal disease for all 1-to-18-year olds. 

Outbreak analysis 
The immediate task is finding and describing the cases, and analysing them to detect 

any unexpected patterns. Identifying the source, determining the mode of transmission, and 

evaluating characteristics of host and pathogen form the basic elements of an effective 

control strategy." The aim of the analysis is to verify the outbreak, determine its nature, 

understand the prevention of a specific infectious disease, ascertain the end of an outbreak, 
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evaluate the interventions, recognise new ways of transmission, prevent new outbreaks, 
assess the surveillance system, provide explanations to others who might be confronted with 
a similar outbreak, test the effectiveness of vaccines and identify risk factors.8 

The three major factors to be characterised in an outbreak analysis are time, place and 
person.7 After the first signal, one tries to identify all the cases of the outbreak, or at least a 
representative sample. Identifying cases for the analysis requires a case definition, which is 
then used to actively search for more cases than those that have presented themselves. The 
time interval in which the illness must have broken out also has to be specified. Important 
aspects include the time of onset of symptoms and the group afflicted. 

A questionnaire should be developed before the interviews start.7 " -4 This questionnaire 
will help interviewers to ask all the pertinent questions, and if several investigators are working 
simultaneously, a questionnaire will assure that they collect the same information. Sex and 
age of the interviewees must be recorded, as well as information on times of onset, 
symptoms, times of suspected exposures, and geographical information. If the disease is a 
gastroenteritis", information to be collected must include as detailed a food history as 
possible, and if it is an airborne infection-4, precise information on the patient's movements 
during the presumed incubation period must be recorded. The responses to the questionnaire 
are used to draw up an epidemic histogram, geographic plot, and sex and age group pyramid. 
In the epidemic histogram, the date at which each case fell ill is plotted along a horizontal 
axis, where each square denotes a patient (vertical axis). The epidemic histogram can give 
indications of the type of exposure in terms of point source, extended source or person-to-
person.78 

In many outbreaks, it may be enlightening to plot all the cases on a map to see if there 
is evidence of clustering (geographic plot). In modern society, it is often quite difficult to 
decide which type of location should be plotted (e.g. home, work place or primary school), 
since few people spend their whole day in the same place. A third type of plot that may yield 
information on aetiology is a population pyramid of the cases. All these plots only show the 
patterns among the cases, without any controls or denominators. However, as soon as a 
possible pattern among the cases has been identified, a more rigorous analysis can be done, 
by locating those people who seem to have been exposed at the outbreak but have not fallen 
ill. Interviewing these controls carefully about their exposures makes it possible to implicate a 
specific source much more reliably. In many instances, the cause will be clear from the 
outset. However, if the pathogen is unknown, epidemiology and microbiology must often 
work hand in hand to reveal the cause. 

Intervention 
Communicable disease control demands that decisions are made quickly. This may 

sometimes clash with the need for accurate case verification. It remains important, however, 
to formulate a provisional hypothesis on the source, mode of transmission and characteristics 
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of the host as well as the pathogen.8 After it has been discussed in the outbreak management 
team, this provisional hypothesis can lead to temporary measures. A notification should 
result in an enquiry. 

Interventions can vary from simple to very drastic. The most radical intervention is 
compulsory incarceration for isolation and diagnosis. At the opposite end of the scale, a simple 
procedure is to inform possible contacts of an infectious patient to create awareness on 
specific symptoms. Other preventive actions may include creating a higher level of alertness 
by informing susceptible groups or professionals, imposing hygienic measures, separating 
sick and healthy patients and staff, introducing authorised leave, temporarily re-deploying 
staff, closing buildings, immunisation, vaccination, chemoprophylaxis or treatment of the 
source patient. These measures are often taken on a voluntary basis. The Communicable 
Disease Act also provides the legal framework for non-voluntary interventions such as 
compulsory isolation and mandatory medical examination, ban on labour, closure of buildings 
and directives of a technical-hygienic nature. In 2003, interventions like mandatory quarantine 
and non-voluntary medical supervision are added to the tools that restrict ones freedom. 
These interventions were added to the toolkit of the departments of communicable disease 
control of the MHS as result of the threat for bioterroristic attacks with for instance small 
pox and the emerged threat for introduction of SARS-corona virus in the Dutch society. 
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