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Consider the difference in size between some of the very tiniest and the 

very large creatures on Earth. A small bacterium weighs as little as 

0.00000000001 grams. A blue whale weighs about 100,000,000 grams. 

Yet a bacterium can kill a whale... Such is the adaptability and versatility 

of microorganisms as compared with humans and other so-called 'higher' 

organisms, that they will doubtless continue to colonise and alter the 

face of the Earth long after we and the rest of our cohabitants have left 

the stage forever. Microbes, not macrobes, rule the world. 

Bernard Dixon, 1994. 
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ABBREVIATIONS AND ACRONYMS 

AR attack rate 
BCYE buffered charcoal yeast extract (agar) 
CCDC consultant on communicable disease control of the Municipal Public Health 

Service (arts infectieziektebestrijding) 
CDA Communicable Disease Act (Infectieziektenwet): This law provides the legal 

framework for mandatory notification of infectious diseases (and clusters) and 
non-voluntary interventions 

CI confidence interval (in general 95% confidence interval) 
CFU/1 colony forming units per litre 
CPPHA Collective Prevention in Public Health Act (Wet Collectieve Preventie 

Volksgezondheid): This law provides the basis for the Municipal Public Health 
Services and their role in public health 

CSF cerebrospinal fluid 
ELISA enzyme linked immuno sorbent assay 
GP general practitioner 
IgG immune globulin type G 

IgM immune globulin type M 

IGZ Inspectorate of Health Care (Inspectie voor de Gezondheidszorg) 

LCI National Co-ordination Centre for Communicable Disease Control (Landelijke 
Coördinatiestructuur Infectieziektenbestrijding) 

LOI National Working Party for Infectious Diseases (Landelijk Overleg Infectieziekten) 

MHS Municipal Public Health Service; internationally also Public Health Authority 
(GGD - Gemeentelijke Gezondheidsdienst) 

MRSA meticillin-resistant Staphylococcus aureus 

PCR polymerase chain reaction 

PHL Regional Public Health Laboratory (Medisch Microbiologisch Laboratorium -
Streeklaboratorium voor de Volksgezondheid) 

RIVM National Institute of Public Health and the Environment (Rijksinstituut voor 
Volksgezondheid en Milieuhygiëne) 

RR relative risk 

s.d. standard deviation 

UPGMA Unweighted Part-Group Method with Arithmetic mean 
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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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CHAPTER 2 

A primary school classroom outbreak 
of scarlet f ever, impetigo and pharyngitis 

caused by the same Streptococcus 
pyogenes M4T4-type 

2.1 ABSTRACT ^ 

This chapter discusses a primary school classroom outbreak of scarlet fever, impetigo 
and pharyngitis. Following the reporting of an unusual number of scarlet fever cases within 
the same primary school, the epidemiological and clinical features of the outbreak were 
investigated. Questionnaire information about the cases was collected by telephone from 
parents and general practitioners. Throat samples were taken, before and after treatment, and 
culturing and specific typing of streptococci was performed to determine the level and mode 
of transmission. 

Within a period of one month, 21 schoolchildren in a class of 29 pupils, with a mean 
age of 5 years, presented with symptoms caused by streptococcal infection (attack rate 72%). 
Eight developed scarlet fever, five suffered from impetigo and eight children had pharyngitis. 
A further six children, outside the class, had complaints of scarlet fever, impetigo or pharyngitis. 
Throat cultures were taken from 90% (26/29) of the schoolchildren. Twelve positive cultures 
of the same strain of beta-haemolytic group A streptococcus, T4M4 exotoxin C gene positive, 
were found. The advice given was to treat all positive children with azithromycin for three 
days to prevent complications and further spreading of the disease. After two weeks only one 
child, who had not taken the antibiotics, still had a positive throat culture. No further cases 
or complications were reported. 

The pattern of the outbreak was typical of person-to-person transmission. This was 
confirmed by typing of the isolates. The results of this study demonstrate the importance of 
mandatory notification of infectious clusters by institutions such as schools, as introduced in 
the Dutch Communicable Diseases act of 1999. Notification gives the MHSs the opportunity 
to analyse the source and transmission dynamics, as well as to prevent disease and complications. 
Specific microbiological typing of the bacteria proved very useful as an instrument to verify 
epidemiological assumptions. 
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2.2 INTRODUCTION 

At the end of December 1999, a primary school reported several cases of scarlet fever. 
The Communicable Diseases act of 1999 in the Netherlands has introduced mandatory 
notification for institutes where vulnerable groups of people, such as children, attend or reside, 
when unusual numbers of persons become ill through suspected infection.' Scarlet fever is 
caused by Lancefield group A beta-haemolytic streptococci (Streptococcus pyogenes). This 
chapter describes the outbreak, which was mapped out to obtain a better understanding of the 
source, transmission, possible measures to be taken and evaluation of these interventions. 

Background information on scarlet fever 
Approximately 5% and sometimes up to 20% of apparently healthy children aged 

between 3 and 15 years are asymptomatic carriers of group A streptococci.1' Carriage rates 
in other age groups are considerably lower. Asymptomatic carriers seem to experience fewer 
complications and are much less likely to transmit the organism to others than persons with 
a symptomatic infection.' Scarlet fever is a streptococcal infection often resulting in pharyngitis, 
fever and a characteristic erythema, with "sandpaper" texture of the skin, "strawberry tongue" 
and marked circumoral pallor of the face (the so-called "anaesthetic face mask"). Some 
toxicogenic strains of streptococci produce either exotoxin A or C, responsible for the fever 
and the scarlatinal rash. The incidence of scarlet fever has dropped over recent years, for 
reasons that remain unclear, because there are enough strains of streptococci circulating in 
the population that are capable of producing pyrogenic exotoxins. Although group A 
streptococcal pharyngitis can be found in all age groups, it is one of the most common 
bacterial infections of childhood, the age group in which 20-40% of all cases of pharyngitis 
are observed. Streptococcal infection is rare in children below 3 years of age, in whom the 
disease manifests itself as a mild clinical syndrome with low-grade fever, malaise and lym-
phadenopathy. The disease is ordinarily spread by direct person-to-person contact via 
respiratory droplets, although indirect transmission through contaminated materials or 
objects such as toys may play a limited role in contagion. The usual incubation period of 
streptococcal pharyngitis is 1-4 days. Apart from a sore throat, fever and malaise are 
common in children, while abdominal pain and vomiting are occasional complaints. In the 
absence of complications, the disease is self-limiting, and fever abates within 3-5 days. 
Although antibiotics barely shorten this period, eradication of the bacteria from the throat 
prevents complications such as peritonsillar abscess, meningitis, endocarditis, glomerul
onephritis and streptococcal pneumonia. The drug of choice in the treatment of strepto
coccal infection is penicillin, continued for 10 days. 

Impetigo or pyoderma is a primary superficial pustular infection of the skin, caused 
by group A streptococci. This skin disease is predominantly found in young children during 
the warm summer months, and often affects the circumoral area of the face. 
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2.3 OUTBREAK 

Patients 

Following the reporting of an unusual number of scarlet fever cases in one class of a 
primary school, an investigation was started into the prevalence of scarlet fever, pharyngitis 
and impetigo, and the presence of streptococci. On December 23rd 1999, two days after the 
notification and almost one month after the first case of scarlet fever had been diagnosed in 
one of the pupils an outbreak investigation was started. Throat swabs for culturing were 
taken from all children, after informed consent of the parents had been obtained, in order to 
gain a better understanding of the transmission of the bacteria in the class. During the 
Christmas holidays, the parents were interviewed over the telephone using semi-structured 
questionnaires, to collect information on the household situation, possible symptoms in the 
children, and - if applicable - the first day of illness, visits to the general practitioner (GP) 
and the use of antibiotics. If the general practitioner had seen a child, the diagnosis was 
verified with the patient's GP. Nine GPs were found to be involved in the management of the 
outbreak. They were informed about the outbreak, asked to report new cases and requested 
to take a throat swab for culturing, preferably, before any therapy was started. Children with 
a positive culture for streptococci were treated by the GP in accordance with the recommen
dations of the MHS. After the antibiogram had become available, it was recommended to 
prescribe azithromycin 200 mg suspension for three days to prevent complications and to 
interrupt transmission. This choice was motivated by the ability of azithromycin suspension 
to be effective within three days,45 while penicillin has to be prescribed for ten days to achieve 
eradication of the streptococci. The short course is likely to improve the patient's compliance. 
In addition, azithromycin causes fewer allergic reactions. After the Christmas holidays, on 
January 13th (approximately two weeks after the treatment), the throat culture was repeated 
in order to evaluate the effectiveness of the therapy. 

Bacteriology 

The streptococci were cultured on blood agar plates and drug susceptibility was 
tested with the disk diffusion method. Further determination of the group of streptococci was 
done with the help of Streptex (Murex Biotech; Dartford, United Kingdom). Group A 
streptococci can be differentiated into various T and M types, based on differences in the 
amino acids of two outer membrane proteins. Thirty types of T protein have been identified 
using specific antisera (T-serotyping). More than 100 varieties of the M protein have been 
identified, not only by means of specific antisera (M-serotyping) but also with a genetic 
method (M-genotyping). In M-genotyping the gene coding for the M protein is amplified by 
means of the polymerase chain reaction (PCR). Part of the amplified product consists of the 
nucleotide sequence of the M-gene that codes for the variable part of the M protein. Each 
variety (M-genotype) of the amplified M-gene of a group A streptococcus can be detected 
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and characterised by nucleic acid hybridisation with different M-type-specific DNA probes. 

In order to determine whether the streptococci isolated in the outbreak described here belonged 

to the same M-genotype and T-serotype, M-genotyping was performed ('reversed-line blot' 

method), while T-serotyping was done with monospecific antisera. In addition, a toxin-gene 

test was carried out using an exotoxin-A-and-C-gene PCR. 

Clinical symptoms and positive cultures 
The class consisted of 14 girls and 15 boys, with an average age of 5 years. Table 2.1 

shows that of these 29 pupils, eight developed scarlet fever (28%), with three of them suffe
ring from pharyngitis as well. Five children had impetigo (17%) and one experienced 
pharyngitis at the same time. Eight children only complained of pharyngitis (28%). This 
amounts to an attack rate of 72% (21/29) within one month. Other symptoms mentioned 
were lymphadenopathy, fever, diarrhoea, vomiting and ear infection. A throat culture could 
be performed for 26 of the 29 pupils; the parents of three children (two of whom suffered 
from pharyngitis) refused permission. Of the 26 throat cultures obtained, 46% (12/26) 
proved to be positive for group A beta-haemolytic streptococci. As illustrated in table 2.1, 
two of the cultures taken from the eight patients with scarlet fever revealed streptococci. Four 
patients had already received an effective antibiotic treatment from their GP (penicillin in 
three cases and erythromycin in one) before the throat swab was taken, which could explain 
the negative culture results. The cultures for the remaining two children may have been false 
negative, or the streptococcus may have disappeared from their throats as a result of the long 
interval between the onset of illness and the culture. 

In the group of five impetigo patients, four cultures proved to be positive, while the 
result of the last culture may have been false negative. Although the GP had prescribed 
fusidic acid ointment for two patients, streptococci were nevertheless detected in the throat. 
Streptococci were also found in four of the six patients who complained of pharyngitis and 
in whom a throat culture had been performed. In the other two children, the culture result 
may have been false negative, or perhaps a streptococcus did not cause their pharyngitis. One 
of the patients with a positive culture had been prescribed an unspecified antibiotic by the 
GP, which had apparently not been effective. 

Of the throat cultures of the seven asymptomatic pupils, two revealed streptococci. 
The parents of one of these two apparently healthy children recalled complaints of 
'diarrhoea'. The strains of streptococci found were sensitive to penicillin and erythromycin. 

Contacts 
The symptomatic pupils had a total of 15 brothers and sisters aged below 10 years. 

On further inquiry, two children from this group were diagnosed with impetigo (in one case 

together with pharyngitis) and one child was found to have pharyngitis. This translates into 

an attack rate of 20% (3/15). In addition, a friend of one of the sick children reportedly 
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suffered from impetigo and pharyngitis. These four children also had an average age of 5 
years. During the Christmas holidays, the MHS was notified about two children from an 
other classroom of the primary school, who also showed signs of streptococcal infection. 
These were two 9-year-old girls with symptoms that had started just before the Christmas 
holidays; one girl developed scarlet fever, the other impetigo. Both children were treated by 
their GP, who had been informed by the MHS. 

TABLE 2.1: Summary- of streptococcal infections by clinical picture and identification by culture. 

Children 

Affected classroom 

(age 6-8 years): 
29 children; 

Brothers and sisters in 
different school (<10 years): 

15 children 

Classes 5 and 6: 
2 children 

Girlfriend of a patient 

Syndrome 

8 scarlet fever (28%) 
of which 3 with pharyngitis 

5 impetigo (17%); 
of which 1 with pharyngitis 

8 pharyngitis (28%) 

8 not ill (28%) 

2 impetigo (13%) 
of which 1 with pharyngitis 

1 pharyngitis (7%) 

12 not ill (80%) 
1 impetigo 
1 scarlet fever 
1 impetigo with pharyngitis 

Culture 

2 positive 

4 positive 

4 positive; 
2 culture refusals 

2 positive 
1 culture refusal 

-

" 

-

-
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FIGURE 2.1. Epidemic histogram of the outbreak: number of cases (_). The figure shows the 

27 patients by day of onset of symptoms in intervals of 2 days. Each patient is shown only 

once: when scarlet fever was diagnosed, comorbid pharyngitis was not mentioned. The first 

few cases were an incubation period (J-4 days) apart. After that, most cases were seen in two 

waves round 7 to 9 December and 15 to 17 December. The weekends of 11 and 12 December 

and 18 and 19 December probably restricted the transmission temporarily. 

Epidemic histogram 

The epidemic histogram (figure 2.1) shows all 27 symptomatic children (21 from the 
same primary school class and six contacts) with their first day of illness. The outbreak started 
with some individual patients being reported, with an interval corresponding to one incubation 
period, after which the majority of the cases can be seen in two peaks: one between 7 and 9 
December and a second around 15 to 17 December. The weekends of 11-12 December and 
18-19 December have probably temporarily interrupted the transmission. The epidemic 
histogram illustrates that the bacteria were most probably introduced into the school class by 
a patient with scarlet fever; the index case of the outbreak seems to have been a 4-year-old 
girl. However, her two sisters remained without any complaints and since an asymptomatic 
carrier state is common, no precise conclusions can be drawn regarding the actual source. 

Follow-up investigations 
Repeated throat cultures taken from the 12 initially positive children showed that 11 

of them were no longer carrying the streptococci. The only child with a second positive 

culture had not received antibiotics. After completion of the treatment and the follow-up 

cultures, no new cases of streptococcal infection were notified. 

Bacterial typing 

All isolates of streptococci were identified as T type 4 and M type 4 (T4M4) and 

exclusively contained exotoxin C, a typical scarlet fever toxin. 
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2.4 DISCUSSION 

The pattern of the epidemic histogram corresponds very well with serial person-to-
person transmission. Apart from some early cases, with an interval exactly matching one 
incubation period, the majority of the sick children presented in two peaks: one between 7 
and 9 December and a second around 15 to 17 December. The weekends of 11-12 December 
and 18-19 December have probably temporarily interrupted transmission. The consistent fin
ding of 12 identical T4M4 exotoxin-C-gene-positive strains of beta-haemolytic streptococci 
seems to confirm the impression that the infection was spread by direct person-to-person 
contact. Serotyping and genotyping proved to be very useful as epidemiological instruments 
to verify the unique clone of streptococci. 

A great diversity of T/M type streptococci is found in the Dutch population, and more 
than 50 different strains have been identified. The T4M4 type responsible for the outbreak 
described here covers less than 5% of all streptococcal isolates examined in the Netherlands 
by the National Institute of Public Health and the Environment (RIVM). In a Dutch study. 
Zwart et al. found T4M4 type group A streptococci in 6% of all culture-positive patients with 
an exudative pharyngitis, against 11% among healthy asymptomatic controls with a positive 
culture for group A streptococci.7 The numerous streptococcal T/M types found in the Dutch 
population, together with the small proportion of the T4M4 type identified in various groups 
of patients and controls, justifies the conclusion that the detection of identical strains of 
streptococci in all culture-positive patients in the outbreak described above proves person-
to-person transmission. 

The clinical picture in the reported outbreak, with scarlet fever and impetigo combined 
in one outbreak, is unusual. Streptococci responsible for impetigo generally belong to a 
different M type than those causing pharyngitis and scarlet fever." A correlation between 
scarlet fever and serotype T4 was detected in previous outbreaks of scarlet fever in Japan.9 

In the United Kingdom streptococci were isolated from 25 of 105 patients with symptoms of 
scarlet fever, and the M type 4 was found to be most prevalent. This 1983 British survey 
estimated the annual incidence of scarlet fever at 0.3 per 1,000.10 Morbidity studies in GP 
practices in the Netherlands from 1991 reported the same incidence for the general population. 
In the 0-4 age group, scarlet fever had an incidence of 7.6 per 1,000 children per year. Among 
5-15 year-olds, this incidence was 4.0 per 1,000. This same study found an annual incidence 
of impetigo of 29.6 per 1,000 in the 0-4 age group, against 14.8 per 1,000 among children 
between the ages of 5 and 15 years." 

Although upsurges of streptococci causing scarlet fever probably occur fairly often, 
they are frequently not reported or investigated. In 1994 and 1995, an increase in the 
incidence of scarlet fever was seen in Amsterdam, The Hague and Zeist. The cases of 
scarlet fever in Amsterdam were observed over a period and appeared to be scattered over 
many parts of the city. A total of 15 isolates were examined, in which nine different T/M 
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types were identified, though the T4M4 type was not represented (Dr P. Peerbooms, MHS 
Amsterdam, personal communication, 2000). In The Hague, four isolates were examined and 
three different T/M types were detected: T4M4 was not among these either. In all eight cases 
in Zeist, type T12 was involved but the M type varied (Dr B.M. de Jongh. Lorentz Hospital, 
Department of Medical Microbiology, personal communication, 2000). From this perspective, 
the outbreak described here and the high attack rate are extraordinary. 

The results of the present study underline the importance of mandatory notification of 
infectious clusters by institutions such as schools, as introduced in the Dutch Communicable 
Diseases act. Following the notification of the outbreak described, an investigation was set 
up, the dimension of the outbreak was evaluated and interventions were implemented to 
control further spread of the infection and to prevent potential illness and complications. 
Specific microbiological typing of the bacteria proved very useful as an instrument to verify 
epidemiological assumptions. 
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CHAPTER 3 

Confirmation of an outbreak of parvovirus 
B19 in a primary school using IgM ELISA 

and PCR on thumb prick blood samples 

3.1 ABSTRACT 

This chapter discusses the confirmation of an outbreak of parvovirus B19 in a primary 
school using IgM ELISA and PCR on thumb prick blood samples. Although parvovirus 
infections are usually benign and self-limiting, it is important to confirm the diagnosis in a 
public health setting, which might involve pregnant women for whom an outbreak could lead 
to medical consequences. In these situations, microbiological confirmation by thumb prick 
is a relatively low-invasive method that is simple to carry out. 

Because relatively small blood volumes are obtained in thumb prick blood samples, 
we compared the results of two different techniques during an outbreak of erythema 
infectiosum: the usual serological detection of IgM antibodies (ELISA) versus PCR-based 
detection of viral DNA. 

In a school-based outbreak, 39 cases (33 schoolchildren, three parents, three 
pre-schoolers) were registered over a period of 11 weeks. Sera were obtained from 23 of the 
school cases and two of the three parent cases. Of all thumb prick serum samples, 65% 
(15/23) tested positive or borderline positive for parvovirus IgM with ELISA, while 70% 
(16/23) tested positive or borderline positive with PCR. Although the overlap between the 
two tests was large (11 samples tested positive or borderline positive in both), a substantial 
number of samples showed contradictory results (9 samples). 

The overall picture of 37 clinical cases of erythema infectiosum and two adult cases 
with arthritis, linked to a primary school, fits in well with positive diagnostic results by either 
technique for parvovirus B19, convincingly demonstrating an outbreak of fifth disease. The 
considerable number of discrepancies in sample results demonstrates that maximum 
sensitivity of parvovirus testing would require both tests to be performed. 
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3.2 INTRODUCTION 

Although parvovirus infections are usually benign and self-limiting, it is important 
for public health to confirm the diagnosis if pregnant women are involved for whom an 
outbreak could have medical consequences. Between January and May 2001, the MHS was 
informed of 14 clusters of exanthematous illness (involving 2 to 33 cases, with a mean of 7 
cases). Cases were reported among children in 10 of the 125 local primary schools in the 
region and in 4 of the 130 day-care centres. The clinical picture was diagnosed as erythema 
infectiosum (fifth disease) because of the frequently reported 'slapped cheek' redness and 
'lace-like' exanthema, although general practitioners also mentioned scarlet fever and rubella 
in some cases. We investigated one outbreak linked to a primary school, the examination 
being prompted by the persistent occurrence of cases and an unusual level of worry among 
the general public and especially among pregnant women. Laboratory diagnosis of outbreaks 
like this is usually hampered by unease among parents, who often refuse to allow venepuncture 
in their children. In these situations, the use of blood obtained by thumb prick for laboratory 
confirmation is a less invasive procedure and is simple to carry out. Therefore, the purpose 
of the present study was to test the acceptability of using thumb prick blood sampling in the 
investigation of a suspected outbreak of parvovirus B19 in a primary school. Furthermore, as 
relatively small blood volumes are obtained by thumb pricks, it was decided to compare the 
results of two different analytical techniques: the usual serological detection of IgM antibody 
versus PCR-based detection of viral DNA. 

• 3.3 METHODS 

Epidemiology 
The school was visited in April 2001, and class registers were obtained to map out the 

outbreak. At the time of this visit, five children showed redness of the face (slapped cheek) 
and lace-like exanthema on the skin, clinically suggesting erythema infectiosum. 

Information 
On the same day, the consultant for communicable disease control informed the general 

practitioners in the area about the regional epidemiology of the disease, the specific outbreak, 
the disease in general and how to counsel pregnant women. Information was provided on the 
estimated low risk of complications (a 2% risk with approximately 40% of pregnant women 
susceptible, a 50% risk of transmission in family contacts and a 10% risk of abortion or intra
uterine fetal death in first 20 weeks of pregnancy)1 and on the possibility for pregnant women 
to have antibody tests, according to the Dutch guideline for erythema infectiosum prepared 
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by the National Co-ordination Centre for Communicable Disease Control (LCI).2 The school
children and staff were informed by letter about the consequences of an outbreak of erythema 
infectiosum. 

Inventory 
A list of recently affected pupils and staff was compiled with the help of the teachers 

and the headmaster. Children with a recent history (in the past few months) of exanthema 
and adults with exanthema or arthritis were included as cases (case definition). Parents of 
affected pupils were contacted by telephone for a brief interview including questions about 
their sex, age, nature of symptoms and exanthema, first day of onset of the symptoms and 
exanthema, duration, known other (family) cases, rubella vaccination status, general 
practitioner and possible transmission to contacts. 

Thumb prick blood sampling and diagnostic techniques 
Each parent was asked to give informed consent for the taking of blood samples from 

the affected children by thumb prick. An intravenous blood sample was taken from adult 
patients. Serum samples were tested for IgM antibodies to parvovirus using the Biotrin 
Parvovirus B19 IgM enzyme immunoassay (Biotrin, Dublin, Ireland), essentially as described 
by the manufacturer. The only modification involved the specimen preparation, in which 
only 0.5 ml of diluent was used, with 5 ul of serum, instead of the prescribed 1 ml sample 
diluent and 10 pi serum. This means that concentrations remained unaffected, as only 100 pi 
of the preparation is used for each assay. After serology, the remainder of the serum samples 
were subsequently tested for the presence of parvovirus DNA, after DNA extraction by means 
of the MagnaPure system (Roche Molecular Systems). Two adult venepuncture samples 
were not tested with PCR as the interest of this study was in thumb prick blood samples. The 
extraction volume was always set at 200 ul. In cases where the serum sample volume was 
smaller, this was adjusted by the addition of saline, while recording the original volumes. 
The PCR method has been modified from the procedure originally described by Salimans et 
al.3 and has been used in the routine diagnostic laboratory for many years. The primers in this 
single round PCR (biotinylated V021s ACTGGTGGTGCTCTTTACTG and V022as 
TAACCCCTCTACACACACTG) have been derived from the NS1 gene and generated an 
amplified product of 248 bp (nt 497-744 according to Shade et al.4). The results were 
confirmed by hybridisation in an EIA format with a DIG labelled probe V023 
GCAGTGTGGCTTCTAAGCTT. This PCR detects less than five copies of parvovirus B19 
DNA, which has been determined using a quantitative parvovirus B19 assay (Lightcycler. 
Roche). Therefore the sensitivity of the assay is less than 250 copies/ml blood. 
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3.4 RESULTS 

Epidemiology 
In this outbreak, 39 cases (33 schoolchildren, three parents, three pre-school children) 

were registered over a period of 11 weeks (no new cases presented after this period). None 
of the staff members were pregnant or had symptoms (0/12). Of the 230 schoolchildren, 33 
were registered as affected by the illness (i.e., an attack rate (AR) of 14%). Three parents had 
symptoms, of whom two had arthritis and one had erythema only. We registered only eight 
susceptible pre-schoolers in the affected families, of whom three were also involved in the 
outbreak (AR 38%: 3/8). The mean age of the affected schoolchildren was 7.1 years (s.d. 1.9 
years). This was slightly younger than the mean age of the children in the school as a whole: 
7.8 years (s.d. 2.5 years). Similarly, the AR was slightly higher in the lower age groups, but 
children in all grades were affected. As shown in figure 3.1, the first case presented during 
the fifth week of 2001. There were no new cases after the pupils returned from their Easter 
holiday (week 16). All affected children had been vaccinated with the vaccine for mumps, 
measles and rubella at 14 months, which made rubella unlikely as a cause of this outbreak. 

Thumb prick blood sampling 
One affected parent, the three affected pre-schoolers and four newly reported cases in 

week 15 were not eligible for blood sampling, as blood sampling took place in the beginning 
of week 15 on the primary school. Sera were obtained of 23 of the 29 school cases (79%) 
and 2 of the 3 parent cases in week 15. The thumb prick was well tolerated (two children 
cried) and well accepted. Parents of two pupils could not be contacted for informed consent 
and one parent with three affected children refused. 

Diagnostic techniques 
Of all blood samples, 64% (16/25) tested positive for parvovirus IgM with ELISA, 

while one sample yielded a borderline value. The PCR test yielded 61 % (14/23) positive tests 
for parvovirus B19, with two samples yielding a borderline value. Although the overlap 
between the two tests was large (10 samples tested positive in both), a substantial number of 
samples showed contradictory results, as is shown in table 3.1. If the borderline values are 
regarded as positive, 5 samples tested positive only by PCR and 3 samples tested positive 
only by ELISA. Three samples tested negative for both. 
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FIGURE 3.1. Epidemic histogram of affected cases by onset of exanthema or arthritis. 

February April 

TABLE 3.1. Results of detection of IgM-antibodies (ELISA) and viral DNA (PCR) in serum 

samples (percentage out of a total of 23 thumb prick serum samples). 

Test 

Not tested PCR* 
PCR positive 
PCR negative 
PCR borderline 

Total 

ELISA 
positive 

2 
10 (43%) 
3 (13%) 
1 (4%) 

l o 

ELISA 
negative 

. 

4(11%) 

3 (13%) 
1 (4%) 

° 

ELISA 
borderline 

. 

-
1 (4%) 

-

1 

Total 

2 
14 
7 
2 

25 

Two venepuncture serum samples of adults (no thumb prick blood samples) 

3.5 DISCUSSION 

The overall picture of 37 clinical cases of erythema infectiosum among children and 
two adult cases with arthritis, all linked to a primary school, fits in well with the positive 
diagnostic results for parvovirus B19 obtained by both techniques in 88% (22/25) of the samples 
tested, convincingly demonstrating an outbreak of fifth disease. The epidemic histogram 
shows the expected pattern of person-to-person transmission with a number of peaks separated 
by the time from acquisition until rash illness occurs (two to three weeks; the incubation 
period is one week: from time of acquisition until viraemie and the co-incident flu-like illness). 
After the highest peak in week 14, the Easter holiday interrupted the outbreak in week 16. 
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The outbreak pattern is similar to those previously reported for other school outbreaks of 
fifth disease.5" A 3 to 4 yearly cycle of parvovirus B19 is apparent in the Netherlands, 
although the differences in case numbers are relatively small.' According to the Sentinel 
System of the Dutch Working Group for Clinical Virology, 1998 was an outbreak year, 1999 
and 2000 had a lower number of cases and 2001 showed an increase again. Probably, 2001 
and the outbreak as studied represented the beginning of a period with increased parvovirus 
B19 activity which fits well in the reported periodicity. The study demonstrates that the 
thumb prick was well tolerated and well accepted as a low-invasive method to collect blood 
samples in primary school children during outbreaks. Salivary IgM and IgG assays as public 
health diagnostics for parvovirus B19 are not available in the Netherlands, though this 
completely non-invasive method might even be more widely acceptable.1" Unfortunately, 
however, the sensitivity of this method compared to blood testing has proved disappointingly 
low (60%). 

The present comparison of two completely different diagnostic techniques. PCR and 
ELISA, provided some interesting results. Both techniques were able to identify parvovirus 
B19 as the etiological agent in this outbreak, although neither technique was clearly superior 
in terms of sensitivity, both testing positive in about equal numbers of subjects (table 3.1). 
There was a considerable number of discrepancies, in which only one test was positive 
(9 cases versus 11 yielding the same positive or borderline positive results), demonstrating 
that maximum sensitivity for parvovirus testing would require both tests to be performed. 
However, the samples received for PCR analysis were far from optimal. Three discrepant 
PCR negative, ELISA positive results may be attributed to sample limitations. In those samples 
only minute amounts of serum were available for DNA extraction and it is likely that in 
an optimised procedure with 200 ul of serum, the PCR would be more sensitive. Another 
possibility is that the PCR negative samples are true negatives. This would imply a rather 
large individual variability with regard to the persistence of IgM antibodies and viral DNA. 
It is not evident from our results that differences between the results of the two techniques 
can be explained by time intervals after the onset of the disease: DNA was found in one of 
the earliest cases (with onset of symptoms ten weeks prior to sampling) and was absent from 
two late cases in which IgM was already present (with onset of symptoms two weeks prior 
to sampling). Practical feasibility largely determined the design of the study and the 
methodology used, in terms of the size and nature of the blood samples. Despite these 
shortcomings, both assays are capable of labeling an outbreak as parvovirus B19 related. 

It may be concluded that a diagnosis based on PCR is an additional tool for public 
health services to study parvovirus outbreaks, as it can identify additional cases if used together 
with the usual serological tests. The PCR technique alone is also able to provide sufficient 
evidence for the cause of the outbreak, being fully comparable to the serological approach. 
A comparative study with an optimal design for both assays would be necessary to determine 
whether combined application is necessary if maximum sensitivity is required in certain 
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clinical situations or when recent parvovirus infection has to be excluded for organ donation 
purposes. 
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CHAPTER 4 

Space-time cluster analysis of invasive 
meningococcal disease; assessing the public 
health implications of apparent outbreaks 

4.1 ABSTRACT 

Clusters are recognized when meningococcal cases of the same phenotypic strain 
(markers: serogroup, serotype and subtype) occur close in place and time. The incidence of 
such clusters was compared to that expected by chance, using space-time nearest-neighbor 
analysis of data of 4887 confirmed invasive meningococcal cases identified in the 9-year 
surveillance period 1993-2001 in the Netherlands. Clustering beyond chance only occurred 
among the closest (1''-nearest) neighboring cases (comparable to secondary case) and was 
small (3.1%; 95%CI: 2.1-4.1). 

Our findings suggest that apparent clusters are not a valuable entry-point for targeting 
additional intervention efforts, as these would prevent few additional cases. Field clusters are 
easily misinterpreted as outbreaks, and would require genotyping to rule out misclassification. 
Our method of nearest-neighbor analysis provides a sensitive novel approach to the epidemiology 
of meningococcal disease. 
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4.2 INTRODUCTION 

An outbreak of invasive meningococcal disease is a a public health emergency 
because of the disease's unpredictability, sudden lethality, and serious sequelae. Although 
risk factors are known, the reasons for developing invasive disease are not fully understood. 
Most persons, when colonized with Neisseria meningitidis, become asymptomatic carriers 
and are sources for further transmission. The apparently sporadic occurrence of invasive 
disease reflects invisible transmission chains of circulating strains, since invasive disease 
develops in only a small proportion of those infected. The precise mechanisms generating 
clusters or outbreaks puzzle public health workers, epidemiologists, and microbiologists.': 

During the 9-year period 1993-2001, the Netherlands had a population between 15.3 
and 16 million and encompassed 33,900 km2. Most of the about 500 annual reports of menin
gococcal disease were sporadic cases, and serogroup B is the most common. From 1993 to 
2001, the number of reported cases was from 422 to 770 per year; the peak occurred in 2001 
as a result of an increase in serogroup C meningococcal cases. The mean incidence, based 
on reports of about 3.4 per 100,000 per year, is comparable to that in England and Wales 
(3.7)3 but three times higher than in the United States (l.l).4The Dutch policy for preventing 
secondary cases compares to the policy in most Western countries and is based on identifying 
and prophylactically treating close contacts. When two or more possibly related cases 
(secondary case or cluster) are identified, group contacts in an educational institution 
(daycare center or primary school) also receive prophylaxis with rifampicin. In the 
Netherlands, routine vaccination of children for serogroup C meningococcal disease was 
implemented in September 2002. Furthermore, from June to October 2002, a vaccination 
campaign was carried out for all 1- to 18-year-olds in response to the increase of serogroup 
Ceases in 2001 and 2002. 

Outbreaks are recognized when place (e.g., an educational institution like a primary 
school), time (e.g., within 1 month), and conventional phenotypic markers (same serogroup. 
serotype, and subtype) make a connection likely (field cluster) or when an excess of incidence 
(e.g., 20x normal) is noticed in a retrospectively specified geographic or population area within 
a chosen period (community outbreak). Field clusters and community outbreaks are rarely 
seen in the Netherlands, possibly because of underreporting. A group of unrelated cases that 
occur in temporal and spatial proximity may be misinterpreted as a cluster or outbreak, but 
these cases would not justify additional public health measures, except perhaps to reassure 
the public. In a real cluster, cases of the same strain occur in temporal and spatial proximity 
at a higher frequency than by chance. The objective of our study was to explore the 
phenomenon of meningococcal clustering in a more objective way by using a nearest-
neighbor analysis in space and time that compares the actual occurrence of clusters with their 
background incidence. 
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4.3 Patients and Methods 

Data Collection 
We used data collected from two surveillance sources: mandatory reports from 

January 1993 through May 2001 and reports of laboratory-confirmed N. meningitidis isolates 
collected by the Netherlands Reference Laboratory for Bacterial Meningitis in the same period. 
Additionally, reports of field clusters occurring during the same time were collected as 
reference. 

Reported Cases 
Report data were obtained from the Inspectorate of Health Care (IGZ). According to 

the Communicable Disease Act, physicians must report cases of meningococcal disease to 
their Municipal Public Health Service (MHS). The case definition for report includes clinical 
meningococcal disease in combination with microbiologic confirmation: N. meningitidis 

isolated from blood or cerebrospinal fluid (CSF); meningococcal antigen or DNA detected 
in cerebrospinal fluid by latex agglutination or polymerase chain reaction; or gram-negative 
diplococci detected in cerebrospinal fluid, blood, or skin biopsy. The following information 
was available on an individual level: date of birth, gender, initials, postal code, municipality, 
date of report, date of first symptoms, date of diagnosis, and age at notification. 

Laboratory Isolates 
The reference laboratory collects meningococcal strains from patients with meningitis 

or septicemia, isolated from blood or CSF. Strains are sent on a voluntary basis to the reference 
laboratory by all clinical microbiologic laboratories throughout the country. A strain is defined 
as an isolate of N. meningitidis from a patient. When two strains have the same phenotypic 
markers (serogroup, serotype, and subtype), these are considered to be identical and to 
belong to one serosubtype. The following information was available for individual patients: 
date of birth, gender, initials, municipality, date of sample collection, submitting laboratory, 
date of receipt of strain, date of blood culture, date of lumbar puncture, source of isolate 
(blood or CSF), serogroup, serotype, and subtype. 

Record Linkage 
Records between these two sources were linked (case ascertainment) by using SAS 

version 8.1 (SAS Institute Inc., Cary, NC). First, records were linked by date of birth, gender, 
and initials. Records remaining unlinked were then linked by combinations of two variables. 
The links in the first step were considered correct, while all further links were checked manually 
for consistency in data fields, spelling mistakes in initials, date of birth, and municipality. In 
table 4.1, we provide an overview of the number of cases and serogroup profile of the data 
used in our analysis. 
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Field Cluster 
After notification of meningococcal disease, the MHS considers taking public health 

measures. Depending on the attentiveness of the communicable disease consultant, field 

clusters are recognized and reported to the IGZ, which made this information available for 

our investigation. Accurate data on actual rifampicin prophylaxis were not available. Field 

clusters were named after their probable transmission route: family, daycare center, primary 

school, or swimming pool. 

Statistical Analysis 

Clustering of meningococcal cases is defined as excess occurrence of the same 
serosubtype in patients, in spatial and temporal proximity. We used patients' residences as 
"place" and chose the first day of illness as "time." The actual incidence of clustering was 
compared to the incidence that would be expected by chance, by using spacetime nearest-
neighbor analysis (figure 4.1). To quantify the phenomenon of clustering, we defined the 
concept of space-time nearest-neighborship as follows. We defined nt nearest-neighbors in 
time of case 1 as the n cases that occur closest (in time) to case 1. Similarly the np nearest-
neighbors in place of case 1 are the n cases that occur closest in space to case 1. The distance 
between cases is defined as the distance in a straight line between the geographic centers of 
the reported cases (municipality or postal code area). The k cases that are both nt nearest-
neighbors in time and np nearest-neighbors in place (intersection of place and time), are now 
the group of the 1st, 2nd, ..., and kth nearest-neighbors (i.e., nearest in both place and time). 
The order (first, second, and so on) is set in such a way that k - 1 defines the first nearest-
neighbor, k-2 defines the second nearest-neighbor, and so on. A program was written in C 
to analyze kth nearest-neighborship. This program is available from the authors. 

First, we calculated the "background" probability that a kth nearest neighbor is of the 
same strain, under no clustering as the null hypothesis, by calculating the frequency of 
having a kth nearest-neighbor of the same strain when the observed strains are randomly 
assigned to the observed dates and places of actual cases. This shuffling is called random 
labeling.56 The null hypothesis assumes complete homogeneity in space and time, which is 
plausible for small areas within a short time (e.g., 1 year); however, spatial and temporal 
heterogeneity may give rise to spurious clustering. The prevalence of serogroup B was not 
constant during the 9 years of our study (table 4.1), and the ratio of serogroup B to other 
serogroups varies somewhat by region (figure 4.2). 

Therefore, this concept of "random labeling" may not apply to our meningococcal 
data, since it ignores regional differences in occurrence and slow trends in the presence of 
certain serosubtypes over the period of observation. Thus, random labeling would under
estimate the true null (under no clustering) background probability that a nearest-neighbor 
is of the same strain, thereby overestimating clustering. We decided that the true null 
background probability is best estimated by the observed frequency of the mean of the 6th 
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FIGURE 4.1: The concept of space-time nearest-neighborship 

to 10th nearest-neighbors (the null probability of no clustering), which assumes clustering is 
a priori implausible beyond the 5th nearest-neighbor. We calculated 95% confidence intervals 
(CI) for the excess chance that the first, second, third, fourth, and fifth nearest-neighbor is of 
the same strain by using paired t-tests. 

These paired t-tests were carried out on a) the indicator (0/1) variable, indicating 
whether the first, second, third, fourth, or fifth nearest-neighbor is of the same strain, and b) 
the average of five such indicator variables for the 6th to 10th nearest-neighbor. The above 
analyses were calculated for all cases combined but also separately for serogroups B, C, and 
W135 and for each serosubtype separately. 
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TABLE 4.1: Overview of the number of meningococcal disease cases and the number and 

serogroup profile of cases included for analysis per year. 

Notifications 

Per 100,000 

Case-ascertainment 

Per 100.000 

Not confirmed cases® 

Number of 

meningococcal cases 

included for analysis 

Serogroup profile# 

A 

B 

C 

W135 

X 

Y 

Z 

29E 

Not serogroupable 

1993 

563 

3.7 

753 

4.9 

115 

638 

3 

524 

(82%) 

101 

(16%) 

4 

(1%) 

1 

4 

0 

0 

1 

1994 

422 

2.7 

571 

3.7 

91 

480 

2 

399 

(83%) 

65 

(12%) 

5 

(1%) 

0 

5 

0 

2 

2 

1995 

460 

3.0 

689 

4.5 

88 

601 

0 

527 

(88%) 

57 

(11%) 

7 

(1%) 

0 

7 

1 

0 

2 

1996 

482 

3.1 

659 

4.3 

94 

565 

0 

498 

(88%) 

57 

(11%) 

3 

(1%) 

1 

5 

0 

1 

0 

1997 

491 

3.2 

658 

4.2 

103 

555 

2 

458 

(83%) 

81 

(15%) 

6 

(1%) 

2 

6 

0 

0 

0 

1998 

505 

3.2 

704 

4.5 

86 

619 

0 

536 

(87%) 

72 

(13%) 

4 

(1%) 

1 

2 

0 

1 

2 

1999* 

531 

3.4 

597 

3.7 

44 

553 

0 

455 

(82%) 

79 

(15%) 

12 

(2%) 

1 

5 

0 

0 

1 

2000 

516 

3.3 

532 

3.4 

1 

531 

0 

413 

(78%) 

103 

(19%) 

12 

(2%) 

1 

2 

0 

0 

0 

2001* 

770 

4.8 

396 

5.9 

41 

354 

0 

229 

(65%) 

114 

(21%) 

7 

(2%) 

0 

3 

2 

0 

0 

Total 

4740 

3.4 

5559 

4.3 

663 

4896 

7 

4039 

(82%) 

729 

(15%) 

60 

(1%) 

7 

39 

3 

4 

8 

$ Case-ascertainment (number of cases after linking procedure) was hampered due to lack of identifying 

variables from I April 1999. when the Dutch Communicable Disease Act was introduced. 

* Laboratory data included from January 1993 thru May 2001: during the year 2001, the surveillance was more 

active because of the up rise in serogroup C cases. 

@ After linking the notified cases with the laboratory cases there was no strain available for these cases. 

# Of 4896 confirmed cases, 9 could not be used in the analysis due to recording errors: 2 serogroup A cases; 

4 serogroup B cases; 1 serogroup C; 1 serogroup W135 and 1 serogroup Y. 
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4.4 Results -

During the 9-year surveillance period, 4,896 confirmed cases were noted. Of these, 
nine cases could not be used because of recording errors (table 4.1). The dataset was made 
up of 250 different meningococcal serosubtypes, of which 42 were seen in 20 or more cases 
(4,189/4,887 - 86% of all strains), while 99 serosubtypes were only connected to one case 
(appendix 4.1). 

• 
LJ 

• 
•1 

Ratio B/O 

<3.5 

3.5 lo 4.5 

4.5 to 5.5 

>5.5 

FIGURE 4.2. Distribution of the ratio between serogroup B and other serogroups (Ratio B/O) 

per province in the Netherlands (1993-2001). 

The observed background value of cases in temporal and spatial proximity to an index 
case being of the same serosubtype is 12.0%. When random labeling was used, this percentage 
was 9.7%. We observed that 15.1% of the first nearest-neighbors were of the same sero
subtype, an excess probability or secondary case percentage of 3.1% (CI 2.1%—4.1%). As 
most nearest-neighbors are coincidental, little difference was seen in the mean temporal and 
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spatial distance between nearest-neighbors of the same serosubtype (6.1 km [range 0-44 km] 
and 13.2 days [range 0-63 days]) and those of different serosubtype (7.6 km [range 0-49 km] 
and 14.3 days [range 0-380 days]). The probability of the second, third, fourth, and fifth 
nearest-neighbors being of the same serosubtype did not differ significantly from background 
values (this difference was 0.6%, 0.3%, 0.8%, and 0.4%, respectively). For serogroup B, the 
excess probability was 3.1% (CI 2.0%-4.3%, n = 4,035) for the first nearest-neighbor. For 
serogroup C. the excess probability was 3.5% (CI L.6%-5.3%; n = 728), and for serogroup 
W135 no excess probability was found (n = 59). Seven different serosubtypes, accounting 
for 14% (694/4,887) of all cases, showed significant excess probability (table 4.2): B:1:P1.4 
(12%), B:1:P1.16 (10%). B:4:P1.5 (20%), B:4:P1.10 (5%), B:nt:Pl.nt (11%), B:15:P1.7 
(11%), and B:15:P1.7,16 (7%). 

The MHS identified 40 field clusters involving 21 different serosubtypes: 11 primary 
school clusters (range 2-5 cases), 7 daycare center clusters (2-3 cases), 1 swimming pool 
cluster (4 cases), and 21 household clusters (2-3 cases). The cases all occurred within 
21 days from the first case, and 78% (32/41) occurred within 8 days. Six serosubtypes were 
identified by both methods as serosubtypes with clustering, 15 were identified only in field 
clusters, and 1 in statistical clustering only. Most field clusters consisted of only two cases 
(75%); this result is consistent with the results of our statistical approach. 

• * 4.5 Discussion 

Our results suggest that in the context of current public health efforts, clustering of 
meningococcal disease is rare in the Netherlands and other Western countries. Our nearest-
neighbor analysis provided a useful method of assessing the phenomenon of meningococcal 
clustering bytaking random variance into account. Cases of the same serosubtype appeared 
beyond the expected background rate and were only seen in the first nearest-neighbor, which 
implies that only secondary cases occur in excess of chance (3.1%). Connections of more 
than two cases could not be demonstrated beyond chance. Throughout the year, invasive 
disease appears mostly as isolated cases. This limited clustering may reflect the positive 
effect of the prophylactic rifampicin policy; however, household field clusters are still reported, 
which possibly shows the constraints of this prevention policy. This paucity of real secondary 
cases is consistent with findings from other studies. 

A Belgian study found 4.4% secondary cases (range 2.0%-5.2%) in 1,913 cases of 
invasive meningococcal disease from 1971 through 1976.7 In France, 37 (4.5%) coprimary and 
secondary cases were found in 814 reported cases from 1997 to 1988.8 A Dutch study repor
ted 1.4% co-primary and secondary cases among 507 cases from 1989 to 1990.' In England 
and Wales, 17 (0.5%) secondary cases were found among 3,256 cases from 1984 through 
1987."' In a Danish study published in 2000, 1.2% secondary cases were observed in 172 cases 
of meningococcal disease." 
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Apart from proper prophylactic treatment, no additional measures could prevent further 
cases, since excess clustering only occurs in the first nearest-neighbors, while a cluster is 
only identified after at least two connected cases. The field cluster analysis confirms this 
assessment, since most new cases occur within a short period (78% within 8 days), occur 
geographically close to each other (patients are in the same household, daycare center, 
or primary school), and occur mostly in pairs (75%). These findings are consistent with 
observations in field cluster studies showing that secondary invasive disease most likely 
occurs nearby, within the next few days. In a Belgian study, 83% of 63 secondary cases 
occurred within 8 days of identifying the index case7; in a French study, 31(82%) of 38 
secondary cases occurred within 8 days.8 Almost all (94%, 29/31) of the secondary cases 
occurred within 8 days in a study in the United States from 1980 to 1993 with eight school 
and university clusters.12 Five secondary cases occurred within 8 days in a school outbreak 
of six cases with serogroup B meningococcal disease in the United States.11 

Space-time clustering methods, e.g., those using the spatial scan-statistic1^17, have 
been used for surveillance purposes with the objective of identifying outbreaks. However, to 
our knowledge, such methods have not been used to explore the existence of, and quantify, 
the phenomenon of clustering in a specific infectious disease. For this purpose the Ederer-
Myers-Mantel procedure has been used18'9; however, since this method requires separating 
space and time (e.g., into provinces and years), we considered it inappropriate for our 
purposes. Instead, we adapted the concept of nearest-neighborship to the two dimensions of 
space and time simultaneously.56 

Our study has several constraints. As many serosubtypes were rare, their individual 
clustering behavior could not be fully ascertained. We used place of residence as our geographic 
parameter, which could underestimate clustering, since transmission might occur at locations 
outside place of residence (such as work, school, and sport clubs). Most cases are found in 
children, who often spend time in daycare centers, schools, and other places outside the 
home. Since these places tend to be located in the same area as their homes, this factor likely 
did not affect our results. The extent of clustering was possibly overestimated because of 
imprecise geographic coordinates since our statistical method used the center of the municipality 
or postal code area, but no more precise alternative is available. Since only phenotypic strain 
typing was conducted (serogroup, serotype, and subtype) and not the more sensitive 
porAgenotyping method that would have identified spurious clusters, background rates of 
clustering may have been overestimated. However, this method is unlikely to have affected 
the excess probability (3.1%) of clustering, since this rate is probably a result of direct trans
mission. Our method for calculating background value was chosen to be as realistic as 
possible; however, our results do not appear to be sensitive to the choice of 6th to 10th 
nearest-neighbors as a reference. For instance, results from 3rd to 10th nearest-neighbor or 
7th to 10th nearest-neighbor, as a reference, were virtually identical. 
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TABLE 4.2. Clustering by serosubtype (serogroup, serotype and subtype). 

Serosubtypes 
(phenotype) 

B:1:P1.4 
B 
B 

1:P1.14 
1:P1.16 

B:4:P1.2,5 
B:4:P1.4 

B:4:P1.5 
B:4:P1.7 
B:4:P1.9 
B:4:P1.10 
B:4:P1.14 
B:4:P1.15 
B:4:P1.I6 
B:4:Pl.nt 

B:nt:P1.14 
B:nt:P1.15 
B:nt:P1.16 
B:m:Pl.nt 
B:14:P1.4 

B 
B 
B 
B 
B 
C 
C 
C 

15:P1.7 
15:P1.7.16 
15:P1.9 
16:P1.14 
16:P1.2,5 
2a:P1.2,5 
nt:P1.5 
14:P1.12 

Field clusters 

1 Primary school 
1 Swimming pool 
1 Primary school 
1 Daycare center 
1 Household 
1 Household 
2 Primary schools 
4 Primary schools 
2 Daycare centers 
6 Households 
1 Daycare center 
NFC 
1 Primary school 
1 Household 
NFC 
NFC 
1 Household 
1 Primary school 
1 Daycare center 
1 Household 
2 Households 
1 Household 
1 Household 
1 Household 
1 Daycare center 
1 Household 
NFC 
1 Primary school 
1 Household 
1 Household 
1 Daycare center 
1 Household 
NFC 
1 Household 

Cases 
per cluster 

3 
4 
3 
3 
2 
2 
3 and 5 
3 
2 and 3 
2 
2 

3 
2 

2 
2 
2 
3 
2 and 3 
2 
2 
2 
2 
2 

2 
2 
2 
3 
2 

2 

% excess 
probability 

12.0% 
7.2% 
10.0% 

1.9% 
2.0% 

20.0% 
6.4% 
7.2% 
4.8% 
5.9% 
4.0% 
2.2% 
2.6% 

13.0% 
7.2% 
10.0% 
10.7% 
0.9% 

11.3% 
6.8% 
10% 

-# 
13.6% 
-1.0% 
10% 

-# 

95% confidence 
interval 

4.2-19.7 
NS (-8.0-22.4) 
2.4-17.6 

NS (-3.8-7.7) 
NS (-0.7-4.6) 

3.2-36.9 
NS (-2.7-15.5) 
NS (-8.0-22.4) 
0.1-9.5 
NS (-2.5-14.2) 
NS (-0.4-8.4) 
NS (-2.4-6.8) 
NS (-0.8-6.1) 

NS (-1.9-27.9) 
NS (-1.7-16.0) 
NS (-4.4-24.4) 
4.7-16.8 
NS (-4.2-6.1) 

0.1-0.22.6 
1.4-12.2 
NS (-1.4-21.4) 

NS (-1.9-29.2) 
NS (-5.4-3.4) 
NS (-4.4-24.4) 

n= 

87 
25 
92 

52 
1376 

25 
47 
36 
205 
34 
129 
63 
455 

23 
39 
20 
123 
85 

53 
109 
30 
10 
22 
164 
20 
2 

* Only the following results are shown: serosubtypes with reported field clusters, serosubtypes with significant 

excess probability for clustering by nearest-neighbor analysis, and serosubtypes with non-significant excess 

probability of more than 39c (Bold percentages: significant). 

nt not typable. 

NS not significant. 

NFC no field cluster was reported for this serotype. 

# Calculation of excess probability not possible because n is too small. 
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We believe that our low observed incidence of secondary cases partly reflects the 
general inability to link cases connected by chains of transmission. As disease develops in 
only a few of the links in a chain of transmission, connected cases are unlikely to be still 
temporally and spatially close, which obviates detection. Not surprisingly, we found three 
times as many serosubtypes among reported field clusters (21 serosubtypes) than assessed 
with nearestneighborship analysis (7 serosubtypes), which confirms that field clusters may 
be spurious. Although field clusters have low specificity, their sensitivity is presumably high. 
Genotyping can identify those clusters brought about by direct transmission; nevertheless, 
the value of cluster surveillance as a means of prevention is uncertain. Apparent clusters are 
not valuable to guide additional intervention efforts, since these would prevent few additional 
cases. Our method of space-time nearest-neighborship analysis provides a sensitive novel 
approach to the epidemiology of meningococcal disease and possibly even other infectious 
diseases. 
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APPENDIX 4.1: Number of included meningococcal cases by serosubtype (serogroup, serotype and 
subtype). 

A:4:Pl.nt: n=l 
A:nt:P1.16;n=4 
B:l 
B:l 
B:l 
B:l 
B:l 
B:l 
B:l 
B:l 
B:l 
B:l 
B:l 
B:l 
B:l 
B:l 
B:l 

Pl.l ,7;n=l 
Pl.10; n=l 
P1.12:n=2 
P1.14;n=25 
P1.15:n=2 
P1.16;n=92 
P1.4:n=87 
P1.4J4;n=l 
P1.5;n=15 
P1.5,9;n=l 
P1.6;n=3 
P1.7,16;n=7 
P1.9:n=l 
P1.9,12;n=l 
Pl.nt; n=61 

B:14:Pl.l;n=2 
B:14:Pl.l,7;n=l 
B:14:P1.12;n=9 
B:14:P1.14;n=2 
B:l4:Pl.15;n=l7 
B:14:P1.16;n=l 
B:14:P1.2.5:n=3 
B:14:P1.4:n=85 
B:14:P1.4.15:n=l 
B:14:P1.4,7;n=l 
B:14:P1.5;n=4 
B:14:P1.5,10;n=l 
B:14:P1.6:n=l 
B:14:P1.7:n=l 
B:14:P1.7,16;n=l 
B:14:P1.9;n=3 
B:14:Pl.nt;n=36 
B:15:Pl.l,7;n=2 
B:15:P1.10;n=14 
B:15:P1.12;n=l 
B:15:P1.14:n=2 
B:15:P1.15;n=ll 
B:15:P1.16:n=27 
B:15:P1.2,5;n=5 
B:15:P1.4:n=77 
B:15:P1.4J;n=2 
B:15:P1.5;n=12 
B:15:P1.6; n=8 
B:15:P1.7:n=53 
B:15:P1.7,14:n=l 
B:15:P1.7,15; n=2 
B:15:P1.7,16;n=109 
B:15:P1.9;n=30 

B:15:Pl.nt;n=33 
B:16:Pl.l;n=2 
B:16:P1.14;n=10 
B:16:P1.16:n=8 
B:16:P1.2;n=9 
B:16:P1.2,5;n=22 
B:16:P1.2,7:n=l 
B:16:P1.4:n=l 
B:16:P1.5;n=3 
B:16:P1.6:n=2 
B:16:P1.7;n=3 
B:16:P1.7,16; n=l 
B:16:Pl.nt;n=9 
B:2a:Pl.l;n=l 
B:2a:P1.16;n=l 
B:2a:P1.2;n=l 
B:2a:P1.2,5;n=2 
B:2a:P1.4.5:n=l 
B:2a:P1.7,16;n=l 
B:2a:Pl.nt;n=3 
B:2a,l:P1.2,5:n=l 
B:2a,l:P1.nt:n=l 
B:2b:Pl.l,7:n=l 
B:2b:P1.10;n=34 
B:2b:P1.12:n=l 
B:2b:P1.15;n=l 
B:2b:P1.2,5;n=8 
B:2b:P1.7:n=l 
B:2b:Pl.nt;n=9 
B:4:P1.1: n=4 
B:4:Pl.l,7;n=l5 
B:4:P1.10;n=205 
B:4:Pl.12;n=l2 
B:4:P1.12,16; n=l 
B:4:P1.14;n=34 
B:4;P1.14,15; n=4 
B:4:P1.15;n=129 
B:4:P1.16;n=63 
B:4:P1.2; n=9 
B:4:P1.2,5;n=52 
B:4:P1.2,7;n=l 
B;4:P1.4;n=1376 
B:4:P1.4,15:n=4 
B:4:P1.4J;n=l7 
B:4:P1.5;n=25 
B:4:P1.6:n=29 
B:4:P1.7; n=47 
B:4:P1.7,10;n=2 
B:4:P1.7.14;n=l 
B:4:P1.7,15;n=2 

B:4:P1.7.16;n=4 
B:4:P1.7,9;n=l 
B:4:P1.9;n=36 
B:4:Pl.nt:n=455 
B:4,14:P1.14;n=2 
B:4,14:P1.16;n=4 
B:4,14:P1.4;n=4 
B:4,14:P1.5;n=l 
B:4,14:P1.9:n=l 
B:4,14:Pl.nt;n=4 
B:4,15:P1.10;n=l 
B:4,15:P1.4;n=2 
B:4,15:P1.7;n=l 
B:4,15:Pl.nt;n=l 
B:4,16:P1.4;n=l 
B:4,16:P1.7;n=2 
B:nt:Pl.l; n=3 
B;nt:Pl.l,7;n=10 
B:nt:P1.10;n=23 
B:nt:Pl. 10,14; n=l 
B:nt:P1.12;n=9 
B:nt:P1.l4;n=23 
B:nt:P1.15;n=39 
B:nt:P1.16;n=20 
B:nt:P1.2;n=5 
B:nt:P1.2,5;n=20 
B:nt:P1.2.7;n=l 
B:nt:P1.4:n=102 
B;nt:P1.4.12;n=2 
B:nt:P1.4,7;n=2 
B:nt:P1.5; n=8 
B:nt:P1.6;n=30 
B:nt:P1.7;n=21 
B:nt:P1.7,I6;n=3 
B:nt:P1.9;n=42 
B:nt:Pl.nt;n=123 
C:l:Pl.l;n=2 
C:l:P1.16;n=4 
C:l:P1.5;n=l 
C:l:P1.7;n=l 
C:l:Pl.nt;n=7 
C:14:P1.12;n=2 
C:14:P1.2,5;n=3 
C:14:P1.4;n=l 
C:14:P1.7,16;n=l 
C:14:Pl.nt;n=l 
C:15:P1.7:n=l 
C:15:P1.7.16;n=2 
C:15;Pl.nt;n=l 
C:16:P1.1.7:n=4 

C:16:P1.16;n=l 
C:16:PI.2;n=ll 
C:16:P1.2,5;n=18 
C:16:Pl.nt;n=5 
C:2a:Pl.l;n=l 
C:2a:P1.16;n=8 
C:2a:P1.2:n=42 
C:2a:P1.2,5;n=164 
C;2a:P1.4:n=4 
C:2a:P1.5;n=163 
C:2a:P1.6;n=2 
C:2a:P1.7,15;n=l 
C:2a:P1.9;n=3 
C:2a:Pl .nt: n=44 
C:2a,l:P1.16;n=l 
C:2b:PU:n=l 
C:2b:Pl.l,7;n=3 
C:2b:P1.10;n=9 
C:2b:P1.14;n=2 
C:2b:P1.15:n=l 
C:2b:P1.16;n=l 
C:2b:P1.2; n=5 
C:2b:P1.2,12:n=2 
C;2b:P1.2,5;n=66 
C:2b:P1.4;n=l 
C:2b:P1.5;n=2 
C:2b:Pl.nt; n=8 
C:4:Pl.l;n=16 
C:4;Pl.l,7;n=l 
C:4:P1.10:n=5 
C:4:P1.14;n=l 
C;4:P1.15:n=4 
C:4:P1.16; n=l 
C:4:P1.2.5;n=2 
C:4:P1.4;n=13 
C:4:P1.4.15;n=l 
C:4:P1.4,7;n=l 
C:4:P1.5;n=2 
C:4:P1.6;n=l 
C:4:P1.7;n=l 
C:4:P1.9;n=2 
C:4:Pl.nt;n=6 
C:nt:Pl.l; n=3 
C:nt:P1.1.7:n=4 
C:nt:Pl.l,7;n=4 
C:nt:P1.10;n=4 
C:nt;P1.12;n=l 
C:nt:P1.14;n=l 
C:nt:P1.15;n=l 
C:nt:P1.16;n=l 

C:nt:P1.2;n=l 
C:nt:P1.2,5;n=5 
C:nt:P1.5;n=20 
C:nt:P1.5,10;n=l 
C:nt:P1.6;n=7 
C:nt:P1.7;n=7 
C:nt:P1.7.9:n=l 
C:nt:P1.9;n=l 
C:nt:Pl.nt;n=9 
W135:2a:P1.2.5:n=16 
W135:4,15:P1.16;n=l 
W135:nt:Pl.U;n=5 
W135:nt:P1.2;n=l 
W135:nt;P1.2.5:n=2 
W135:nt:P1.5; n=5 
W135:nt:P1.6;n=25 
Wl35:nt:P1.nt:n=4 
X:4:P1.16;n=3 
X:4:P1.7;n=1 
X:4:P1.7.15;n=l 
X:4:PI.nt;n=l 
X:nt:P1.16;n=l 
Y:14:P1.14;n=l 
Y:14:P1.2,5;n=2 
Y:14:P1.5;n=l 
Y:14:P1.7,14;n=l 
Y14:Pl.nt;n=4 
Y:15:P1.16;n=l 
Y:15:P1.5;n=l 
Y:4:P1.5;n=7 
Y:4:Pl.nt;n=l 
Y:4,14:P1.5;n=3 
Y:nt:P1.12;n=l 
Y:nt:P1.14;n=l 
Y:nt:P1.15;n=ll 
Y:nt:P1.6:n=2 
Y:nt:P1.7;n=l 
Z:nt:P1.16;n=2 
Z:nt:Pl.nt;n=l 
Ng:14:P1.2,5;n=l 
Ng:14:Pl.nt;n=l 
Ng:15:P1.7,16:n=l 
Ng:2b:P1.10;n=l 
Ng:4:P1.10;n=l 
Ng:4:P1.4;n=l 
Ng:nt:Pl.l,7;n=l 
Ng:nt:P1.2,5:n=l 
29E16:P1.2,5;n=2 
29Ent:P1.2,5;n=l 
29Ent:Pl.nt;n=l 
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CHAPTER 5 

Norovirus outbreak among primary school 
children who had played in a recreational 

water fountain 

5.1 ABSTRACT 

This chapter describes the study on a gastro-enteritis outbreak among primary school 
children, which was associated with playing in a Norovirus contaminated recreational fountain. 

A retrospective cohort study was performed to estimate the magnitude of the outbreak 
and identify its source. An epidemiological investigation included standardised questionnaires 
about sex, age, school, class, possible risk exposures, and characteristics of the illness. Stool 
samples and environmental water samples were analysed for the presence of bacteria, viruses 
and parasites. 

Questionnaires were returned for 191 schoolchildren (response 83%) with a mean age 
of 9.2 years, of whom 47% had experienced illness (diarrhoea and/or vomiting). Children 
were more likely to have been ill if they had played in the recreational fountain (RR 10.4). 
Norovirus was detected (Birmingham) in 22 (88%) stool specimens from ill children and 6 
(38%) specimens of children without symptoms. The water sample derived from the fountain 
contained a Norovirus strain, which was identical to the Birmingham RNA sequence found 
in stools. 

Not only drinking water, but also recreational water may be the source of gastroenteritis 
outbreaks. Adequate water treatment such as chlorination can prevent these types of outbreak. 
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5.2 INTRODUCTION 

In recent years, Noroviruses (previously designated as Norwalk-like viruses or small 
round-structured viruses) have emerged as an important cause of food-borne and waterborne 
gastro-enteritis outbreaks.' Reported waterborne outbreaks caused by Norovirus have been 
associated with private wells, small water systems and community water systems.2"7 

Recreational surface water, including lakes and swimming pools, has also been associated 
with Norovirus outbreaks.810 However, recreational fountains have so far been associated 
with gastro-enteritis outbreaks caused by Shigella and Cryptosporidium, but not by 
Norovirus.1"2 

In this chapter, we describe the investigation of the first outbreak caused by Norovirus 
among schoolchildren due to their playing in a recreational fountain. On a hot summer day 
in June 2002, about 200 children of three primary schools enjoyed their annual pre-holiday 
school outing at a playground. Two days later, the principals of the schools informed the 
Municipal Public Health Service (MHS) about an estimated 100 children with symptoms 
of vomiting, diarrhoea, abdominal pain and headache. The Communicable Disease Act stipulates 
that institutions like primary schools have to notify the MHS of any unusual incidence of 
gastrointestinal symptoms. Food was not a probable cause of the illness, as most children had 
eaten their own homemade lunch. The only common food exposure was commercially 
packaged ice cream purchased at the playground by most children. One common water 
exposure was a recreational fountain (see picture). In addition, some children might have 
drunk from a water tap labelled 'no drinking water', close to the fountains and inside the 
sanitary facility. The inside and outside water taps both contained regular drinking water, but 
the outside taps were labelled as non-potable to avoid elaborate body washing at these taps. 

All parents with ill children were given information about hygiene, risk of dehydration 
and the application of oral rehydration solution. In addition, a retrospective cohort study was 
performed to estimate the magnitude of the outbreak among these schoolchildren and identify 
its source. 

• 5.3 METHODS 

Epidemiological investigation 
All three schools reporting ill schoolchildren had taken part in a visit to a playground, 

featuring a recreational fountain, on June 18"'. A retrospective cohort study was conducted 

among the 231 children attending the three primary schools who had visited the playground 

that day (referred to below as playground children). Standardised questionnaires were sent 

to their homes to obtain information about sex, age, school, class, possible risk exposures 

(playing in or drinking from the fountain, drinking from water taps or eating ice-cream), 
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onset and nature of symptoms, duration 
of illness, contact with general pract
itioner or hospital and prior illness. A 
primary case was defined as illness in 
any child or adult who had visited the 
playground and who had developed 
diarrhoea (three or more loose stools in 
any 24-hour period) or vomiting (at 
least one episode) or both in the time 
period of 72 hours after the visit. An 
exposed Child was defined as a child Children playing in the recreational water fountain 

who had played in the recreational fountain at the playground. 

Six weeks after the first questionnaire, we sent a second questionnaire to all children's 
homes to obtain details about family size and possible secondary cases by person-to-person 
transmission. A secondary case was defined as illness in any child or adult - within a family 
with a playground child - who had not visited the playground and who had experienced 
diarrhoea (three or more loose stools in any 24-hour period) or vomiting (at least one episode) 
or both in the six-week period after the visit. This six-week period was chosen as the duration 
of shedding of the virus can be long and there might be even tertiary waves of cases.13 We 
calculated relative risks (RR) with 95% confidence intervals (CI) to assess any association 
between illness and individual exposure factors. Secondary attack rate was calculated as the 
number of secondary cases divided by the total number of household members, excluding 
the playground children. 

Environmental investigation 
Two days after the visit, on the day of the notification, the playground was visited to 

conduct an environmental assessment. Hygiene policies and procedures were reviewed. The 
recreational fountain covers an area of about 40 m:, in which about 40 jet spray nozzles 
squirt water jets whose height varies in time. Children playing in the fountain - frequently in 
underwear - are completely soaked by the water. The fountain system uses recirculated water 
that drains from the wet play floor into an underground reservoir. A filter is used for coarse 
materials like sand, grass and hairs and part of the water is subjected to sand filtration. The 
reservoir water is manually chlorinated using hypochlorite tablets and no continuous water 
analysis is performed to check chlorination levels. The reservoir is replenished with tap 
water each day to compensate water losses. The nearby water taps provide drinking water. 

Environmental samples (100 ml) of the recreational fountain water and the drinking 
water were obtained for bacterial analysis according to the European recreational and drinking 
water guidelines, respectively. The water samples were cultured for coliform bacteria, E. coli, 

Enterococcus, Salmonella and Campylobacter species by standard culture methods. In addition. 
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large volumes (300 1) of drinking and recreational water were concentrated for rotavirus and 
Norovirus detection by PCR.'4 Commercially packaged ice-cream sold at the playground was 
also obtained for microbiological investigation but not examined any further after the cause 
of the outbreak became clearer. In consultation with the manager of the playground, the 
recreational fountain and the water taps were closed on the day of sampling, until further 
research had clarified the cause of the illness. The water reservoir was emptied and disinfected. 

Laboratory investigation 
Stool specimens were collected 3-6 days after the playground visit, and were cultured 

for Salmonella spp., Shigella spp., Campylobacter spp., Yersinia enterocolitica, enterohae-
morrhagic Escherichia coli (E. coli 0157; VTEC) and Staphylococcus aureus by standard 
culture methods. A random sample of isolates of E. coli was serotyped. Faecal smears were 
examined by direct microscopy for ova and parasites including Cryptosporidium spp. and 
Giardia spp.. Faecal examination of a random selection of 11 follow-up samples was performed 
for Giardia, as it was expected that more positive samples would be detected after three 
weeks if Giardia should be the cause of the outbreak. Stool samples were examined for 
rotavirus and adenovirus by commercially available ELISA kits, while RNA amplification 
by reverse-transcription polymerase chain reaction (RT-PCR) was used to test for Astrovirus 
and caliciviruses, i.e. Noroviruses and Sapoviruses, as previously described l5, using primers 
JV12Y/JV13I l6. Initial results indicated the presence of Norovirus genotype Birmingham in 
some faecal samples. Since it has been found that this genotype is difficult to detect with 
primers used in routine diagnostic procedures, we used an alternative RT primer and designed 
a specific primer for the PCR, designated NVpl 10 " and JV12BH (5'-GTT TCA TTA TGA 
TGC TGA CTA-3'), respectively. 

• 5.4 RESULTS 

Epidemiological investigation 
Questionnaires were returned for 191 schoolchildren (response 83%) and one for a 

parent who had accompanied the children on the school trip (see table 5.1). These data represent 
160 different households. The mean age of the children was 9.2 years (sd: 1.5 years; range: 
4 -12 years) and 53% (102/191) were girls. Symptoms of diarrhoea and/or vomiting were 
present in 47% of the children (90/191). No children had symptoms of diarrhoea and/or 
vomiting prior to or during the playground visit. The main symptoms among cases were 
abdominal pain (89%), nausea (78%), vomiting (75%), diarrhoea (70%), headache (70%) 
and abdominal cramps (49%). Only 8% of the cases (7/90) had contacted a general practitioner 
and none had been admitted to a hospital. The onset of symptoms in most children was one 
to two days after the trip (84%). The mean incubation period was 30 hours, with a range of 
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seven hours (June 18th) to 72 hours (June 21st; see epidemic curve in figure 5.1). Duration 
of symptoms was known for 67% of the cases. The remainder were still suffering from symptoms 
at the time of completion of the questionnaire. The mean duration for those who had already 
recovered was 1.7 days (sd: 0.8 days; range: 0.5-5 days). This implies that the estimate for 
all ill children, including those with longer duration (33%), would be higher (at least two 
days). 

There was no relationship between developing illness and drinking from the water 
taps or consumption of ice cream (see table 5.2). However, schoolchildren were more likely 
to have fallen ill if they had played in the recreational fountain (RR: 10.4; 95% CI: 1.5-70.8) 
or had ingested water from it (RR: 2.0; 95% CI: 1.4-3.0). The question whether they had 
ingested the water could not be answered ('unsure') by 43 (23%) of the children. As shown 
in table 5.3, the attack rate of children exposed to the recreational fountain was 54% 
(90/167). Attack rates were similar for both sexes (45% male versus 50% female) and similar 
in age. Attack rates were significantly different between the schools (school A: 55%; B: 71% 
and C: 32%; p=0.001). The duration of stay at the playground and an estimation of individual 
playing time in the fountain (time of exposure) differed also for the three primary schools 
(table 5.1). Primary school C had the shortest individual playing time (one hour) and, probably 
because of this relatively limited exposure, also the lowest attack rate for those exposed to 
the fountain (32%), while primary school B had the longest individual playing time (2.5 
hours) and also the highest attack rate (71%). For school A, the attack rate for those exposed 
to the fountain was 55%. 

FIGURE 5.1. Epidemic curve of primary (affected schoolchildren) and secondary cases by 

date of onset of symptoms 
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FIGURE 5.2. Phylogenetic comparison of genogroup I Noroviruses detected during 2002 in 

The Netherlands. Sequences derived from two representative faecal samples (EP2002109-21 

and EP2002J09-37) and the water sample of the fountain (EP2002109-water) in the described 

outbreak were compared with other sequences, using the Unweighted Part-Group Method 

with Arithmetic mean (UPGMA) after multiple sequence alignment of a 250 nucleotide 

segment of the polymerase gene. EP2002136, EP2002142, EP2002040 and EP2002026 

were sequences of Birmingham291 genotype from faecal samples from different outbreaks 

before or after the described outbreak. These sequences are similar to but differ slightly from 

the water outbreak. Numbers in the last column indicate the month of detection. 

Data about household size and possible secondary cases was received from 111 
households who completed a second questionnaire (response 69%). The mean size of all 
households associated with the playground trip was 4.0 (two children and two parents), with 
similar figures for affected and unaffected households. Table 5.3 shows 39 secondary cases 
due to person-to-person transmission, out of the total population at risk of 258 susceptible 
household members, corresponding with a secondary attack rate of 15%. Secondary attack 
rates varied per school from 4% to 40%. The 39 secondary cases originated from 26 
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different households (26/111=23%). Most of them were parents (74%) of the affected 
schoolchildren, including 15 fathers, 14 mothers, one grandmother (mean age 39 years). 
Secondary transmission was reported in five brothers and four sisters (mean age 4.6 years). 
The mean date of the onset of symptoms of the secondary cases was June 22nd, that is, 4.4 
days after the playground visit (slightly longer in the nine children than in the 30 adults: 5.4 
days versus 4.1 days). A primary case was found in 23 households with secondary transmission 
(88%). In the remaining three households, the exposed child had been affected only by 
abdominal cramps or headache, or had experienced no symptoms. All secondary cases 
occurred in households in which a child had been exposed to the water fountain. 

TABLE 5.1. Overview of general information per primary school 

General information 

Estimated number of schooi 

children on the day trip 

Number of responding schoolchildren 

(response %) 

Number of households related 

to responding schoolchildren 

Mean age of the schoolchildren 

(range) 

Percentage female 

Duration of stay at playground 

Individual duration of playing 

in the recreational fountain 

Percentage of households who 

responded to the second questionnaire 

Mean household size 

Primary 

school A 

85 children 

59 children 

(69%) 

56 households 

9.6 years 

(8-11) 

51% 

7 hours 

0.5-2 hours 

64% 

(36/56) 

4.1 persons 

Primary 

school B 

84 children 

74 children 

(88%) 

48 households 

8.7 years 

(4-12) 

57% 

4 hours 

2.5 hours 

75% 

(36/48) 

3.9 persons 

Primary 

school C 

62 children 

58 children 

(94%) 

56 households 

9.4 years 

(8-10) 

52% 

3 hours 

1 hour 

70% 

(39/56) 

4.1 persons 

Total 

231 children 

191 children 

(83%) 

160 households 

9.2 years 

(4-12) 

53% 

4.8 hours 

1.6 hour 

69% 

(111/160) 

4.0 persons 
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TABLE 5.2. Univariate analysis of risk factors studied in the outbreak 

Commercial ice-cream 

Consumption of water from: 

- taps near the recreational fountain 

- taps near the sanitary facility 

Recreational fountain: 

- played in fountain 

- ingested from fountain 

Exposed to 

risk factor 

ill 

n 

72 

3 

18 

87 

25 

not ill 

n 

76 

4 

32 

80 

15 

Not exposed 

to risk factor 

ill 

n 

17 

78 

68 

1# 

33 

not ill 

n 

22 

89 

64 

19 

75 

Relative Risk 

(95% CI) 

1.1 (0.8-1.7) 

0.9 (0.4-2.2) 

0.7 (0.5-1.0) 

10.4 (1.5-70.8)* 

2.0(1.4-3.0) 

% of all cases 

exposed to factor 

80% 

4% 

21% 

99% 

43% 

* The calculated RRfor the risk of playing in the fountain is possibly underestimated as one 

ill case not exposed to the recreational fountain (#) could be a secondary case, infected by 

her exposed and Norovirus-positive brother.' 

Environmental investigation 
No Enterococci or E. coli bacteria were detected in the drinking water samples taken 

at the sanitary facility, in compliance with the European drinking water regulations. The 
sample taken from the recreational fountain, however, had very high bacterial counts, exceeding 
the standards in the European recreational water guideline. Numbers of coli form bacteria 
exceeded the detection limit of 1,000 per ml and Enterococci were found at 3,500 per 100 ml, 
while the concentration of E. coli bacteria was 7,700 per 100 ml. No Salmonella, 

Campylobacter or Rotaviruses were detected in any of the water samples. The presence of 
Norovirus RNA in the fountain water was ascertained using the primer pair 
JV12BH7NVpll0. The sequence of the PCR product derived from the fountain water was 
identified as Norovirus type Birmingham. 
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TABLE 5.3. Overview of cases per primary school 

Primary 

school A 

Primary 

school B 

Primary 

school C Total 

Primary cases 

Primary cases 

(vomiting and/or diarrhoea) 

Exposed children 

(children who had played 

in the recreational fountain)* 

Attack rate of primary cases 

(= primary cases / exposed children) 

47% (28/59) 

91% (51/56) 

55% (28/51) 

61% (45/74) 

86% (63/73) 

71% (45/63) 

29% (17/58) 

91% (53/58) 

32% (17/53) 

47% (90/191) 

89% (167/187) 

54% (90/167) 

Secondary cases 

Percentage of children in a 

family on school tripS 

Affected households 

with secondary cases 

Attack rate in exposed family 

members* (= secondary cases / 

susceptible family members) 

50% (37/74) 

14% (5/36) 

5% (5/99) 

82 % (54/66) 

49% (17/36) 

40% (29/72) 

49% (40/82) 

10% (4/39) 

4% (5/113) 

59% (131/222) 

23% (26/111) 

15% (39/258) 

# Parents of three children in school A and one child in school B answered the relevant 

question as 'unknown' 

$ Calculated as number of children at playground visit divided by all children in relevant 

households 

* Exposed households or family members are those related to exposed children (who had 

played in the recreational fountain) 

Microbiological results 
Stool specimens were available for 25 children who had fallen ill and 16 children 

without symptoms of diarrhoea and/or vomiting. Two stool samples were available from 
adults: a teacher and a parent who had accompanied the children on the playground trip. All 
stool samples were negative for bacterial pathogens. Of the nine faecal specimens cultured 
for E. coli, all showed possible strains of E. coli; a random sample of seven were serotyped. 
There was no similarity in serotypes, samples showing 07, 045, 086, 088, 0141 and 0166, 
while one turned out not to be of E. coli. This outcome does not match a common source 
outbreak and seems to reflect the commensal flora. 
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TABLE 5.4. Positive findings from stool sample analysis (43 stool samples tested) 

Diagnostic assay 

Norovirus PCR 

JV12Y/JV13I 

CHILDREN 

III children 

Exposed to 

fountain 

N=24 

% pos. (n) 

25(6) 

JV12BH/NVpll0 71 (17) 

Tests combined 

Giardia species 

92 (22) 

13(3) 

Not 

exposed* 

N=l 

% pos. (n) 

0(0) 

0(0) 

0 (0) 

0(0) 

Healthy children 

Exposed to 

fountain 

N=ll 

% pos. (n) 

36(4) 

18(2) 

45(5) 

9(1) 

Not 

exposed 

N=5 

% pos. (n) 

0(0) 

20(1)# 

20(1) 

0(0) 

ADULTS 

III adults 

Exposed to 

fountain 

N=2 

% pos. (n) 

0(0) 

0(0) 

50(1) 

0(0) 

TOTAL 

Exposed 

exposed 

N=37 

% pos. (n) 

27 (10/37) 

51 (19/37) 

76 (28/37) 

11 (4/37) 

* This primary case is possibly a secondary case, as her brother (who had been exposed to 

the water fountain) was ill too. Her faeces was collected 3 days after the playground visit, 

and according to her questionnaire, the onset of symptoms was not until 4 days after the 

visit. 

# One child who tested positive but had not been exposed and did not fall ill was possibly 

infected with Norovirus by his exposed and ill brother (secondary infection) 

No parasites were found, except for four faeces samples positive for Giardia lamblia. 

As shown in table 5.4, all four of these children had been exposed to the fountain, but only 
three developed any illness. Three weeks after the playground visit, 11 stool specimens (four 
from healthy children and seven from primary cases) showed no new cases of Giardia species. 

Combined results from all PCRs used show that Norovirus was found in 22 (88%) of the 
samples from ill children, in six (37.5%) of the samples from healthy children and in one of 
the two samples from ill adults. All positive samples of the cases and five of the six positive 
samples of the healthy children had been taken from children who had played in the fountain. 
The one child who tested positive but had not been exposed and had not fallen ill was 
probably infected by his exposed and ill brother (secondary infection). Eleven random 
Norovirus-samples were genotyped, 1 as Mikkeli (healthy child), 9 as Birmingham (1 healt
hy child and 8 ill children) and 1 had both Mikkeli and Birmingham (ill child). The 
Birmingham strain was identical to the strain identified in the recreational fountain water. 
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5.5 DISCUSSION 

Norovirus outbreak 
This outbreak in children with a clinical profile of abdominal pain, nausea, vomiting 

and diarrhoea, with an attack rate of 54%, a mean incubation period of 30 hours, a duration 
of illness of about two days and 39 clear secondary cases, fits in well with Norovirus. The 
identical Norovirus strain (Birmingham) was detected in stool specimens from ill persons 
and in a water sample derived from the fountain. It is very unusual that we were able to detect 
the causative agent in the water, since the source is usually only identified epidemiological^.18 

Although Norovirus gastro-enteritis outbreaks have emerged as the most common gastro
enteritis outbreak, to our knowledge the outbreak described here demonstrates a novel source 
of Norovirus: a recreational water fountain. The evidence of the source of this outbreak was 
provided by the complimentary nature of the epidemiological analytical and microbiological 
findings, reinforced by the specific Norovirus molecular sequencing analysis in stool 
specimens and water samples, which shows the great value of these techniques in discovering 
new relationships. 

Exposure to recreational fountain 
Recreational fountains using recirculating water are becoming more frequent in 

traditional playgrounds (but also in public parks or town centres), as they are very popular 
among children. Children like to stand directly over the nozzles (jets), so their entire bodies 
become soaked. Because these fountains are attractive to very young children, who still wear 
diapers, recreational water may be at high risk for contamination by enteric pathogens 
through overt faecal accidents or rinsing of contaminated bodies in the water. The duration 
of playing in the fountain per school suggests a dose-response relation, as the primary attack 
rate was significantly higher for the school with the longest duration compared to the school 
with the shortest duration. 

This outbreak shows the potential risk of transmission of diarrhoeal illness in recreational 
fountains - especially on hot summer days when bacteria multiply rapidly. Earlier studies 
have noted this risk with Shigella and Cryptosporidium.1'12 The recirculated water of the 
fountains described in this article was inadequately chlorinated and only partially refreshed 
with clean tap water, increasing the risk of contamination and disease transmission. Although 
the quality of recreational surface water and swimming pool water is regulated by European 
recreational water guidelines, the water quality in recreational fountains is difficult to 
control, since such fountains are frequently open to the public without admission fees and 
therefore freely accessible at any time by anyone without supervision. Operators of these 
fountains should monitor levels of effective chlorine and microbiological water quality 
indicators routinely. Public health officials should regularly inspect public recreational fountains 
on these water quality procedures. EU-guidelines are based on bacterial indicators (general 
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contamination) but these are not always related to contamination with viruses - although, in 
our outbreak, there was bacterial contamination as well. It is not reasonable to routinely 
monitor on Norovirus because PCR-assays are difficult to perform and difficult to interpret. 

Thus, preventive measures should be taken to reduce the risk of contamination, 
including adequate chlorination of the water and supervision of the chlorination system, 
frequent replacement of the water, especially after hot days with heavy use, and the presence 
of adequate, clean sanitary facilities. An automatic water handling system was later installed 
at the recreational fountain described here, which maintains continuous chlorination levels 
of 1.2 mg/1. Chlorine levels are registered in a journal three times a day. Procedures to fill 
the reservoir with fresh water every two days are documented and carried out, and micro
biological analysis of water samples is performed by an authorised laboratory every 14 days. 
Additional measures - which would however be more difficult to maintain - include forcing 
visitors to shower at home or at the fountain area before entering the fountain, excluding 
patients with diarrhoea, excluding children wearing diapers and banning food consumption 
in the fountain area. 

Surveillance and mandatory notification 
Studies on gastro-enteritis outbreaks are regularly conducted in the Netherlands, as 

they are in many countries. Interim results of a study of gastro-enteritis outbreaks in the 
Netherlands in 2002 show that about 53% of 119 microbiologically investigated outbreaks 
were caused by Norovirus, and only one outbreak - described in the present report - was 
waterborne. In the United States, 3-6% of the Norovirus outbreaks have been reported to 
originate from water consumption. In the four-year period 1997-2000, 54 waterborne-disease 
outbreaks of gastroenteritis associated with recreational water were reported in the United 
States.19-20 Five (9%) were caused by Norovirus and associated three times with lake-water, 
ones with motel pool water and ones with hot springs in a resort. In Sweden, 15% of 
Norovirus outbreaks were food-borne or waterborne, no specification being provided of the 
percentage that originated from consumption water.21 In the United Kingdom, 0% of the 
Norovirus outbreaks originated from a water source.22 Prior outbreak surveillance in England 
and Wales showed that only one of 26 waterborne gastro-enteritis outbreaks was caused by 
Norovirus; it originated from recreational water sports on a river.21 In Ireland, only one of 
67 gastro-enteritis outbreaks studied was waterborne (through water consumption).24 In 
Finland, 14 waterborne outbreaks were described, with one outbreak caused by surface 
water contaminated with Norovirus and seven outbreaks by groundwater contaminated 
with Norovirus.25 

This shows that recreational waterborne Norovirus outbreaks are reported rarely. 
These outbreaks go easily unnoticed and are most likely underreported because Norovirus 
outbreaks are such common outbreaks, with over 90% caused through person-to-person 
transmission, that it is very difficult to motivate local authorities to stay alert and investigate 
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them in order to distinguish the food and waterborne outbreaks in an early stage from the 
bulk of person-to-person outbreaks. In addition, in waterborne outbreaks, affected people 
often do not know each other and do not visit the (same) general practitioner or school and, 
therefore, connections are easily missed between the different cases. Furthermore, in the 
Netherlands, as in most EU countries, testing capacity for Norovirus is not routinely available 
in the primary diagnosing laboratories receiving stool samples of the diarrhoeal cases. 
Norovirus outbreaks often show up as the outbreaks unexplained by well-known and routinely 
tested enteric bacteria, some viruses and protozoa. Confirmation of the outbreak as caused 
by Norovirus fully depends on these laboratories passing on the stools to the one or two 
national labs that are able to perform Norovirus tests.26 The large outbreak described in the 
present report would have probably remained undetected if the primary schools had not 
reported the cases to the MHS. This shows the value of mandatory notification of gastro
enteritis clusters by institutions like primary schools. Outbreak investigations are important 
in public health to identify the source, implement control measures and prevent future 
illness; in addition, they frequently yield new knowledge that may lead to amended control 
policies. In the outbreak described, the novel source of Norovirus was a recreational 
fountain. 
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CHAPTER 6 

Cold tap water as a source of fatal nosoco
mial pneumonia caused by Legionella pne

umophila in a rehabilitation centre 

6.1 ABSTRACT 

This chapter discusses the technical, microbiological and epidemiological investigation 
following 2 cases of fatal Legionella pneumonia. Faced with two nosocomial cases in a 
rehabilitation centre in the South of Limburg, the Netherlands, the water supply was 
investigated. Water temperatures from different taps were measured. Legionella cultures 
were made from respiratory patients' specimens, water samples and smears from all mixing 
taps (used in showers), samples from hot and cold water taps from the infected ward and 
from the five other wards. The strains were typed by serotyping and polymerase chain 
reaction. The circulating cold water sometimes warmed up to 40°C (within the Legionella 

growth range). From the sputum of the two male patients with rheumatoid arthritis who died 
of Legionella pneumonia the same Legionella pneumophila (serotype 1) was cultured as 
from the water supply. Of the showers on the contaminated ward 19% (12/63) were positive 
for Legionella as were 59% (35/59) of the cold water taps. Cultures from the hot water supply 
were negative just like control cultures from five other wards and swabs from showerheads 
and hoses. The cold water tubes ran next to the hot water tubes and the central heating system 
in the same shaft. On the infected ward patients were absent during the weekends. As one of 
the subsequent measures, the cold water pipes were relocated to another shaft. 

The combination of an elevated cold water temperature caused by heating along a 
distance by nearby hot water and heating piping and the regular stasis of water during the 
weekends when the ward was closed, most probably stimulated the multiplication of 
Legionella in the water supply. In order to minimize contamination of cold water, its 
temperature must be below 20°C. Surveillance of intramural water systems is necessary to 
prevent nosocomial infections. 
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6.2 INTRODUCTION 

After two patients developed a fatal Legionella pneumonia (Legionnaires' disease) in 
a rehabilitation centre, we performed a technical, microbiological and epidemiological 
investigation which is discussed in this chapter. 

Legionella pneumophila is the bacterium responsible for this severe pneumonia.1"1 

A Legionella pneumonia develops in 2-10 days after infection. It is assumed that after 
exposure older persons with pre-existing morbidity are at greater risk of Legionnaires' disease 
than healthy individuals. In addition, mortality among patients who acquire a nosocomial 
infection is higher (40%) than among those infected outside an institution (20%). In 1997, 
the average mortality among patients in 24 European countries was 10% (136/1360), 
according to the surveillance system of the European Working Group for Legionella Infections. 

In the Netherlands, Legionella pneumonia is officially reported on average 45 times 
per year. In three-quarters of the cases, the source is known and one-third of these infections 
originates from the Netherlands. One-third of the Dutch Legionella pneumonia cases (8% of 
45 cases) appear to be related to a health-care facility. As a result of the investigation described 
in the present paper, the IGZ, in a letter dated July 1997, called for measures to be taken within 
the various institutions to prevent intramural Legionella infections and to include Legionella 

in the diagnostic work-up of any pneumonia cases of unknown cause. Most likely, this appeal 
has contributed to the five-fold increase in 1997 of Legionella notifications connected with 
health-care facilities (10 cases), compared to an annual average of 2 intramural cases over 
the previous four years. In Europe as a whole 16% (218/1360) of the Legionella cases are 
thought to be related to medical institutions.5 

6.3 HISTORY 

The first inspection of the water supply system of the rehabilitation centre took place 
after a 58-year-old man (patient A), admitted to a four-year-old ward on the top floor, suffered 
a fatal nosocomial Legionella pneumonia at the end of 1996. The contaminated ward was 
used to nurse patients with rheumatoid arthritis or chronic pain during week-days. Every 
room had a sink and a shower with hot and cold water. A separate room was used to clean 
the equipment such as medical instruments, aids and appliances and other materials. The 
entire copper-piped water supply system, especially the hot water segment leaving the boiler 
and the section from the thermostat to the outlet, was carefully examined, both on the building 
plan and in practice, for weak spots and dead pipe-legs. The assessment showed no technical 
defects. The temperature of the boiler was checked and found to be above 70°C. No 
Legionella could be cultured from the water of the shower in the patient's room. 

A shower in an adapted bathroom with special facilities on the same ward gave the 
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only positive test result, with 87,000 colony forming units per litre (CFU/1). The Legionella 

strain found in water samples from this shower had the same serotype (serotype 1) as the 
bacteria found in respiratory specimens of the patient (figure 6.1). The central water supply 
from the waterworks tested negative for Legionella in the microbiological analysis. 

Preventive measures 
A plan of action for prevention and surveillance was drafted in order to stop additional 

nosocomial infections. We assumed that the Legionella bacteria would survive and multiply 
during the weekends in the polyethylene hoses of the showers. Therefore, all showers were 
thermally disinfected after the weekends by flushing them for ten minutes with water at a 
temperature of at least 70°C. All hoses in the showers were replaced because of the possible 
formation of a biofilm. On a monthly basis, water samples from the mixing taps in the 
showers on the ward were tested for Legionella and the water company checked their water 
supply for a year. During this year, no cases of Legionella pneumonia were seen, neither did 
any of the hot water samples test positive. 

The effect of these precautions did not last, however, in 1997 - one year after the first 
patient had been diagnosed - Legionella was again cultured from a hot water sample, 
although this specimen had been taken from a room not open to the patients. Shortly after 
this, a new fatal case of Legionella pneumonia occurred in a 48-year-old man (patient B). 

6.4 METHODS 

In view of the positive water sample and the second fatal Legionella pneumonia 

technical inspections, water temperature measurements and microbiological analyses with 

cultures and serotyping were once again performed. Unlike the first time, these investigations 

now included the cold water supply. 

Technical inspection and water temperature measurement 
The rehabilitation centre and the water company checked the entire water supply 

system. The temperature of running water at the various hot and cold water taps in the 
contaminated wards and in control wards was recorded for a period of 10 minutes at maximum 
flow with a fast digital thermometer (measurement accuracy 0.1°C). 

Microbiological analysis 
Every week, water samples were taken from the showers and the taps in the 14 rooms 

on the contaminated wards, and a similar number of samples was collected from control 
rooms in the five other units. Smears of the showerheads and hoses were made. After the 
first two measurements of water contamination, water samples were also collected at two 
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different moments in time; before and five minutes after opening the taps. This procedure 
was needed to answer the question whether Legionella might be present in the shower hoses 
or the distal part of the water pipes only, or whether the whole water supply system was 
contaminated. Every water sample was labelled with the room number, the exact point where 
the sample had been taken and the day and time of collection, in order to correctly identify 
the results later. These specimens were sent for culturing on the same day. 

Culture method 

The laboratory cultured the sediment of a sample of 1 litre water, passed through a 
bacteriological micropore filter (pore diameter 20 urn). This filter was then transferred to a 
60 ml bottle filled with approximately 40 glass beads and 2.5 ml of a phosphate buffered 
normal saline solution (PBS) with a pH of 7.2. After that, the filter was broken and mixed 
with the solution for 15 seconds. This suspension was divided into two fractions. The first 
portion was placed in a water bath at a temperature of 50°C for 30 minutes (the so-called 
"treated" specimen), while the second portion was left untreated. Subsequently a 1:10 
dilution in PBS was made of part of both specimens. Of the four samples remaining 
(diluted, undiluted, treated and untreated) 0.1 ml was added to three different culture media 
(basic buffered charcoal yeast extract (BCYE) agar, BCYE agar with antibiotics and BCYE 
agar with cysteine). After a standard culture procedure of one week, the number of CFU/1 
was determined by multiplying the total number of colonies present with the dilution factor 
25. For this reason, the quantity of Legionella found was always a multiple of the minimal 
count of 25 CFU/1.7 

Legionella typing 

The potential link between the isolates of the two patients involved and the water samples 
was examined using of serotyping and the polymerase chain reaction (PCR). To determine 
the DNA profile, a so-called "touch-down" PCR was performed with an annealing temperature 
increasing to 61°C, using the DNA primers ERIC-I, ERIC-II, REP-I and REP-II. The PCR 
products were analysed by means of electrophoresis in 1% agarose for two hours at 100 V. 

• 6.5 RESULTS 

Technical inspection and water temperature measurement 

Just as in 1996, technical investigations revealed no defects, but this time it was noticed 

that the cold water pipes leading from the ground floor to the top floor were in the same shaft 

with and closely fitted to the hot water pipes and the heating tubes. The temperature in this 

shaft could rise to a maximum of 40°C. During the weekends, there was no flow of water 

through these pipes because the patients of the wards then went on weekend leave. 
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The temperature of the water from the hot water taps exceeded 70°C within 30 
seconds. The temperature of the water from the cold water taps turned out to rise up to 42°C 
at some moment in time, which is well within the range of 20-50°C required for Legionella 

to multiply. (Although Legionella can live in water of between 50 and 55°C without growing, 
it will not survive temperatures above 55°C.) Figure 6.2 shows the temperature curve of the 
flow of cold water, which had been stagnant for 24 hours, in the contaminated ward on the 
top floor after opening the taps at the beginning of the corridor (closest to the shaft) and at 
the end, respectively. This figure illustrates that a volume of warm water flows from the cold 
water pipes in the central shaft at some point in time, depending on the position of the tap 
relative to the shaft. After the process of culturing, 19% (12/63) of the mixing taps in the 
contaminated ward tested positive for Legionella (median 175 CFU/1, range 25-20.000 
CFU/1), versus 59% (35/59) of the cold water taps (median 175 CFU/1, range 25-2.000 
CFU/1). The cultures from the hot water taps (4) were found to be negative for Legionella, 

like the control cultures from five other departments (46) as well as the smears of the shower-
heads and hoses (16). 

FIGURE 6.1. Genotyping pattern (electrophoresis image) obtained after polymerase chain 

reaction on isolates of Legionella pneumophila serogroup I of two patients (Heerlen A (from 

bronchoalveolar lavage fluid) and Heerlen B (from bronchial secretion) in lane 3 and lane 

5, respectively, and from water samples of the patients' rooms (room A and room B in lane 2 

and lane 4, respectively). Lane 1 and lane 13 represent a control strain from the National 

Institute for Public Health and the Environment (RIVM). Lanes 6-12 show unrelated strains 

of L. pneumophila (serogroup I) found in 1997, in order of place of origin. 
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Microbiological analysis 

Samples were taken at 23 different moments in time, from 0 seconds to 5 minutes 
after opening the taps. It was assumed that most legionellae would be found at 0 seconds, but 
the variation was large. In 17% of the double measurements (4/23), the first sample produced 
most colonies, while the final sample, after 5 minutes, did so in 15% of the measurements 
(3/23). 
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Figure 6.2. Temperature curve of the Legionella pneumophila contaminated water supply-
system in the corridor of a ward of a rehabilitation centre, upon complete opening of two 
cold water taps after the water in the system has been stagnant for 24 hours: f-o-J tap at the 
beginning of the hallway close to the vertical shaft also containing the hot water pipes and 
heating tubes; (-m-) tap at the end of the hallway. 

In 26% of the measurements (6/23), the first specimen was negative, while the sample 
after 5 minutes proved positive, but the opposite result was found in 30% of the measurements 
(7/23). The other three tests were both negative. In addition, a large variance was discovered 
between the weekly measurements of the same tap. 

Legionella typing 

Serotyping showed that the cultured L. pneumophila strain belonged to serogroup 1. 
According to the PCR results, the DNA profiles of the Legionella isolates from the patients 
were identical with the strains found in the cold water supply of their ward (figure 6.2). 
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mixing tap before mixing tap after cold lap before cold tap after 

Source of water samples 

Figure 6.3. Overview of the percentages of positive and negative cultures for Legionella 

pneumophila from water samples of mixing taps and cold water taps before and after 

preventive measurements in control Legionella infection in a ward of a rehabilitation centre 

(figures in the bars represent absolute numbers): < • ) negative culture; (• )positive culture: 

number of legionellae <100 colony forming units per litre (CFU/l); ( • ) positive culture: 

number of legionellae >100 CFU/l. 

6.6 INTERVENTIONS 

For the short term, further infections were prevented by means of thermal and chemical 
decontamination (chlorination). The construction of a ring-line and the installation of a pump 
in the cold water supply system ensured a continuous flow of water. Weekly water samples 
in the first half-year and monthly follow-up in the second half year showed a significant 
reduction of Legionella presence. Figure 6.3 demonstrates that even after the interventions, 
7% (2/27) of all mixing tap samples and 15% (9/62) of the cold water supply samples still 
tested positive for Legionella. During the follow-up assessment, all culture results were 25 
CFU/l, apart from one sample containing 300 CFU/l. This sample had been taken from a 
scarcely used cold water tap at the end of the hallway, which could in fact be regarded as a 
dead pipe leg. After the positive test result, this tap was removed. By way of definitive solution, 
the cold water pipes were recently relocated to another, existing shaft without hot water pipes 
inside. 
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6.7 DISCUSSION 

It is most likely that both patients were infected through the water from their shower, 
which was contaminated in the cold water pipes. It was verified that the cold water supply 
system was the source of the two fatal cases of Legionella. A combination of events probably 
allowed Legionella to multiply in the water inside the cold water pipes in the rehabilitation 
centre. On the one hand, as a consequence of the nearness of the hot water pipes and the heating 
tubes, the ambient temperature in the shaft caused spontaneous warming of the cold water, 
resulting in an elevated cold water temperature. On the other hand, this process of heating up 
could take place over a considerable length of time at regular intervals, because of stasis of 
the water during the weekends, when the ward was closed. 

Therefore, preventing nosocomial Legionella pneumonia requires not only the 
temperature of the hot water supply to be checked but also critical attention to be given to 
the temperature of the cold water system. 

Technical inspection and water temperature measurements are simple procedures. 
The microbiological analysis of the water supply system, however, presents a number of 
questions: how many water samples should be taken, at what frequency and from which taps, 
what risk can be deduced from the quantity of Legionella found and which interventions 
should be taken at what point(s) in time? 

In this survey, 19% of the water samples from the mixing taps and 59% of the water 
samples from the cold water taps tested positive for Legionella during a 6-months follow-up 
screening, but preventive measures reduced these figures to 7% and 15%, respectively. In 
two similar contaminated hospital wards described in a Canadian study, one year of chemical 
decontamination (chlorination) resulted in 12% (51/410) and 11% (46/410) of the water 
samples testing positive for L. pneumophila, against 42% (284/680) and 23% (156/680) 
during a three-year period without any intervention. In the first unit, 24 patients developed 
nosocomial Legionella pneumonia, against 4 patients in the second department.10 In a hospital 
for ear, nose, and throat oncology, Legionella was responsible for 30% of all cases of acquired 
pneumonia, at a time when 67% of the water taps tested positive for Legionella. After 
preventive measures reduced this number to 4%, no further patients were diagnosed with 
Legionella pneumonia. Only a fraction of the water samples from a contaminated water supply 
system is evidently found to be positive for Legionella. The data suggest that when more than 
one-third of the water taps are Legionella positive, there is a considerable risk of nosocomial 
Legionella infections.' 

Percentage of positive water taps 
For the purpose of analysis, the percentage of positive water taps seems to be a more 

reliable figure than the number of bacteria cultured from each individual tap. It has become 

evident that a single tap can test negative for Legionella at a specific point in time but turn 
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out to test positive one week later. In addition, substantial differences can be found between 
the concentrations of Legionella in water samples taken before opening the taps and those 
obtained five minutes afterwards, indicating that this practice of double sampling is not 
meaningful. Furthermore, the numbers of bacteria cultured from the various taps were not 
very consistent.1" Nevertheless, a relationship between the quantities of legionellea found and 
the incidence of nosocomial legionellosis seems apparent. The number of legionellae in the 
cold water samples in our survey varied between 25 and 20,000 CFU/1; 40% of all positive 
samples contained more than 100 CFU/1. Total eradication of Legionella from the water 
supply system appeared impossible, as a small percentage of the regular control samples 
remained positive in spite of the interventions. With the exception of one sample mentioned 
above, however, a level of contamination above 100 CFU/1 was no longer seen. 

Risk of infection 
Freije and Barnaree point out that at a level of contamination less than 1,000 CFU/1 

low-risk persons are not expected to be at risk of Legionnaires' disease.4 A level of contamination 
between 1,000 and 10,000 CFU/1 is believed to cause a risk of infection ranging between low 
and increased, suggesting the need for disinfection of the water supply system. Above 10.000 
CFU/1, the risk of an outbreak of legionellosis is regarded as high or even very high, and 
decontamination is indicated.4 A lower threshold should be defined for individuals with a 
high risk of developing Legionella pneumonia, and as a result of our study we recommend 
100 CFU/1. Preventive measures against legionellosis, such as thermal and chemical 
(chlorinating) decontamination, only seem to have a temporary effect."12 The distribution of 
sterile water to patients for the purpose of drinking, brushing their teeth and taking their 
medication, as practised occasionally, is unlikely to be effective since the source of infection 
is not eliminated. Only technical modifications to the water supply system seem to offer an 
adequate solution. Installation of an automatic temperature gauge, yielding continuous 
measurements of the water temperature, could be useful if it is connected to both the cold 
and hot water system, giving a warning signal when the water temperature rises above 20°C 
or drops below 60°C respectively. 

6.8 CONCLUSION 

Despite previous warnings against the risk of spontaneous warming of cold water as 
a result of nearby hot water pipes or heating tubes, limited attention is still given to the risk 
of Legionella in the cold water supply." To our knowledge, this report is the first to 
demonstrate the clinical relevance of Legionella in the cold water supply of a health care 
institution, causing nosocomial infections. These findings are especially relevant in 
situations when wards are not in permanent use (7 days a week). Apart from technical 
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inspection and water temperature measurements, microbiological surveillance of the water 
supply systems in intramural health care facilities appears to be an effective method for 
preventing nosocomial legionellosis. If more than one-third of all water taps are contaminated 
with Legionella, further investigations and interventions are indicated. In the case of individuals 
at high risk of Legionnaires' disease, like many inpatients, concentrations below 100 CFU/1 
could be considered safe. 
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6.10 EPICRISE: CONTROLLING LEGIONELLA 

IN DRINKING WATER SYSTEMS 

Legionella is increasingly recognised as a significant cause of pneumonia, both 
nosocomial and community-acquired. Outbreaks crop up regularly because improvements in 
diagnostic tests have facilitated recognition of the infection. Legionnaires' disease cannot be 
diagnosed on the basis of clinical presentation or chest radiograph alone; specific tests are 
necessary. Many cases are missed because these tests are not routinely used on pneumonia 
patients in most countries. In the United States, it has been estimated that less than 5% of 
cases are reported to public health authorities.' 

Many Legionella infections originate from drinking-water systems, the most difficult 
of water systems in the control of Legionella contamination. Such contamination of drinking-
water systems in health-care facilities is common. In a national survey of US hospitals, 34% 
reported recovery of the bacteria from their plumbing system and 29% reported nosocomial 
Legionnaires' disease.2 Legionella has been recovered from up to 100% of hospitals in a 
single area.' Because of this ubiquity, the question is not whether Legionella bacteria are 
present, but rather if circumstances (i.e. temperature, stagnation, biofilm) favour amplification. 
Policies for prevention of legionellosis would be simple if a 'cut-off' level of bacterial 
concentrations existed above which the risk of Legionella infection became unacceptable. 
However, to this day the predictive value of any Legionella quantification in water samples 
remains unclear. Legionella concentrations fluctuate considerably over time and there is 
significant inter-laboratory sensitivity variation. Nevertheless, common sense dictates that 
finding Legionella in a high proportion of fixtures or finding very high Legionella counts in 
any water sample are signs of danger. 

All methods for preventing the growth of Legionella in drinking water have 
drawbacks and none is 100% efficacious. There remains a lot of controversy about optimal 
control strategies. Microbiological testing and decontamination efforts can be expensive, so 
their implementation is not justified unless they can reduce the risk of disease by a reasonable 
degree. Decontamination efforts should be sustained, systematic, and not prone to human 
error. Any control effort should include an assessment of technical weaknesses of the water 
system. Legionella growth is most likely in areas where water stagnates. Moreover, heat and 
disinfectants such as chlorine do not penetrate these areas well. The prerequisite for success 
of any Legionella-prevenüon measure is thus removal of 'dead legs', parts of the water system 
that are not used for extended periods of time, and other structural factors that may cause stasis. 

Temporarily increasing water temperature (by superheat-and-flush) will reduce 
Legionella counts for a short while.4 For long-term effect, the water temperature should be 
maintained above 50° C continuously in every part of the hot-water system. A disadvantage 
of this method is the risk of scalding. In addition, increasing the hot-water temperature may 
warm up the cold-water because of heat exchange between the two systems. The result could 
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be an increase in cold-water-associated Legionella transmission.5 Cold-water temperatures 
can also increase by ambient heating when outside temperatures are high. In buildings that 
are used intermittently, such as day-care clinics, this effect may become important because 
of prolonged periods of stasis in the cold-water system." 

Free chlorine and chlorine dioxide are effective if their concentration is adequate. 
However, high chlorine concentrations may corrode plumbing materials, and municipal 
water plants commonly do not use sufficient concentrations for Legionella control. 
Moreover, free chlorine and chlorine dioxide penetrate not very well into the biofilm where 
Legionella lives,7 nor do they reach peripheral areas of the plumbing system very well. 
Monochloramine may be considerably more effective than free chlorine in municipal water 
plants or in individual hospitals.8 For drinking-water systems, residual disinfection 
(maintenance of disinfectant throughout the system) with monochloramine may become 
accepted as an additional and potentially very cost-effective method for prevention of 
nosocomial and community-acquired Legionnaires' disease.' 

Copper-silver ionisation for control of Legionella has given variable results. It has 
reduced Legionella counts when used with continuous chlorine injection.1" Unfortunately 
many subsequent studies on the effectiveness of copper-silver for Legionella control have not 
reported chlorine concentrations, so it remains unclear how much of the effect is attributable 
to copper-silver and how-much to chlorine. In several hospitals, Legionella have been 
recovered from water systems and cases of Legionnaires' disease have occurred despite 
copper-silver ionisation.2-4 Tolerance of Legionella to long-term exposure to silver has been 
reported." Ozone and ultraviolet light also seem to reduce growth of Legionella. However, 
the effect is local, short-lived, and does penetrate the biofilm poorly. 

The mainstay of Legionella-contvo\ in drinking-water systems is thus the checking of 
water temperatures and disinfectant concentrations at the point of use, together with the 
prevention of stasis of water. Any hospital or other institution housing with susceptible 
persons should make a serious effort to identify and remove all dead legs in the water system 
and to make other necessary adjustments. These measures should be undertaken irrespective 
of whether nosocomial transmission has been identified or whether Legionella have been 
recovered from water. Microbiological testing of water (e.g. twice a year) could then be con
sidered, as a back-up method, to identify possible lapses in control measures. It is also 
important that physicians are aware that Legionella is a common cause of pneumonia and 
that they should consider requesting Legionella diagnostic tests on severe pneumonia 
patients to ensure adequate treatment and timely recognition of outbreaks. 

90 



6.11 REFERENCES EPICRISE 

1. Marston BJ, Lipman HB, Breiman RF. Surveillance for Legionnaires' disease. Risk 
factors for morbidity and mortality. Arch Intern Med 1994; 154: 2417-22. 

2. Fiore AE, Butler JC, Eraori TG, Gaynes RR A survey of methods used to detect 
nosocomial legionellosis among participants in the National Nosocomial Infections 
Surveillance System. Infect Control Hosp Epidemiol 1999; 20: 412-6. 

3. Kool IL, Bergmire-Sweat D, Butler JC, et al. Hospital characteristics associated with 
colonization of water systems by Legionella and risk of nosocomial Legionnaires' 
disease: a cohort study of 15 hospitals. Infect Control Hosp Epidemiol 1999; 20: 798-805. 

4. Stout JE, Lin YS, Goetz AM, Muder RR. Controlling Legionella in hospital water 
systems: experience with the superheat-and-flush method and copper-silver ionization. 
Infect Control Hosp Epidemiol 1998; 19: 911-4. 

5. Hoebe CJ, Cluitmans JJ, Wagenvoort JH. Two fatal cases of nosocomial Legionella 

pneumophila pneumonia associated with a contaminated cold-water supply. Eur 

J Clin Microbiol Infect Dis 1998; 17: 740. 

6. Hoebe CJ, Cluitmans IJ, Wagenvoort JH, van Leeuwen WJ, Bilkert-Mooiman MA. 
Cold tap water as a source of fatal nosocomial pneumonia due to Legionella 

pneumophila in a rehabilitation center. Ned Tijdschr Geneeskd 1999; 143: 1041-5. 
7. Chen X, Stewart PS. Chlorine penetration into artificial biofilm is limited by a 

reaction-diffusion interaction. Environ Sci Technol 1996; 30: 2078-83. 

8. Kool JL, Carpenter JC, Fields BS. Effect of monochloramine disinfection of municipal 
drinking water on risk of nosocomial Legionnaires' disease. Lancet 1999; 353: 272-7. 

9. Pic-Aluas L, Donegan NE, Witherell LE, et al. Short trial of monochloramine for 
Legionella disinfection in a hospital setting. 4th Decennial International Conference 
on Nosocomial and Healthcare-Associated Infections 2000: 263. 

10. Landeen LK, Yahya MT, Gerba CR Efficacy of copper and silver ions and reduced 
levels of free chlorine in inactivation of Legionella pneumophila. Appl Environ 
Microbiol 1989; 55: 3045-50. 

11. Rohr U, Senger M, Selenka F, Turley R, Wilhelm M. Four years of experience with 
silver-copper ionization for control of Legionella in a german university hospital hot 
water plumbing system. Clin Infect Dis 1999; 29: 1507-11. 

91 



Zeventien mensen be. 
smetgeraakt 

^ ^ 9 U maart 1998 

5Ü1 Isss ÜH gSS ==«:" 
Irsa-bacterie in Hambosl 
erkraads verpleeghuis neemt maatregelen om verdere besmettin 

De Hamboskliniek zal alle be
woners met huidaandoeningen 

besmetting bij de Hamboskli
niek. .Er is geen reden voor on-

r+u^iA A m ^ i t 'Kat- Tiolrma-

i4^«^^i^f^.W>\L^«;^^ff.^l lJ,.^^-^^?•X 
uitslag "van dit onderzoek 
wordt dit weekeinde verwacht. 
Tot deze maatregel is besh-^i-
in overleg met de ziekenl 
hygiënist van het Atriun-
Heerlen en met de arts inft 
ziekten van de GGD. 
Volgens verpleeghuis-

bacterie niet groter is dan een 
infectie van andere bacteriën". 
™r* » De mensen die mrsa-

gen gaan en staan waar ze wil
len. .Gezonde mensen hoeven 
7irh seen zoreen te maken als 

ze op bezoek komen , zegt di
recteur R- Ruijters van de Ham
boskliniek. 

Ma de ontdekking van de mrsa-
••i ' - u-imhoskli-

ieenmrsa-bacterie ] U p r « _ 
ri Hamboskliniek t v l l v , : ) A - O n a e r Z O e l c n 
. ( • » ( • De directie van de bij de GGD. besloot eerder deze ï 1 ï " • • « — • * ^ ' X J , 
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CHAPTER 7 

Controlling an alleged outbreak of 
meticillin-resistant Staphylococcus aureus 

(MRSA) in a Dutch nursing home 

7.1 ABSTRACT 

This chapter discusses the controlling of an alleged outbreak of meticillinresistant 
Staphylococcus aureus (MRSA) in a Dutch nursing home. Following the identification of an 
index patient with MRSA in a Dutch nursing home with 175 residents in the south of the 
province of Limburg (the Netherlands), microbiological diagnosis having been obtained 
from a foreign laboratory, a survey was carried out to trace contacts by means of the 'ring 
principle' of outbreak management. Whenever positive cultures were found in the first ring 
of residents, the contact and source tracing procedure was extended. In accordance with the 
Dutch guidelines for MRSA in nursing homes, a range of preventive measures was taken 
regarding colonised residents and employees and the cleaning of rooms. Ten days after the 
occurrence of the index case, 29 persons, 9 employees and 20 residents, were found to be 
colonised with MRSA. Because of this extraordinary count compared with earlier Dutch 
findings (only 0.16% of inhabitants colonised), there were doubts about the laboratory 
results. A counter-expertise from the Regional Public Health Laboratory (PHL) and the 
National Institute of Public Health and the Environment (RIVM) showed no MRSA, but 
meticillin-sensitive S. aureus. 

This alleged outbreak had very serious consequences for residents and employees and 
major financial consequences for the nursing home. There was a very adequate response to 
the crisis by a multidisciplinary team including external specialists. Incorrect identification 
of MRSA is not restricted to this incident, as proficiency-testing programmes have shown 
that MRSA has not always been reported accurately. The Inspectorate of Health Care (IGZ) 
emphasised the importance of standardised quality and interpretation of laboratory results by 
microbiological experts. This should be kept in mind when contracting foreign laboratories, 
particularly because the Dutch policy is to avoid MRSA in intramural settings. The verification 
of the diagnosis once again proved to be an essential step in outbreak management. 
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7.2 INTRODUCTION 

In March 1998, an outbreak of MRS A occurred in a Dutch nursing home. This 

chapter describes this outbreak, which, in view of its cause, course and outcome, can be 

regarded as remarkable. 

• 7.3 THE INDEX PATIENT 

On Wednesday March 4, MRSA was discovered in a wound on an elderly female 
inhabitant; this was the first such case in the history of this nursing home, which houses 175 
residents. Subsequently, the guidelines on MRSA infection in nursing homes, drawn up by 
the Dutch Working Group for Infection Control, were applied.'2 These guidelines indicate 
the measures to be implemented when a resident is colonised with MRSA. In accordance 
with this procedure, the affected female inhabitant was treated with mupirocine ointment in 
the nose and on the wound for five days, and her entire body was washed with chlorhexidine 
soap, including the hair on her head. Additional hygienic precautions for the nursing staff 
were put into practice, such as wearing surgical masks, gowns and gloves. General procedures 
were introduced for the disposal of linen and the use of sanitary rooms. No isolation measures 
were taken, which is consistent with the national guidelines. 

Ring investigation 
According to the 'ring principle' of contact tracing in infectious disease control, 

samples for culture were taken from wounds, nose, throat and perineum of the patient 
sharing the room with the index case, as well as from nine patients residing in the same 
department who were considered to be at risk (i.e., patients with wounds, transurethral or 
suprapubic urine catheters or naso-gastric feeding tubes). After three days, two residents 
were found to have MRSA in a wound, while a culture from the perineum of the patient 
sharing the room with the index case proved positive for MRSA. To assess the extent of 
transmission, a crisis team decided on Saturday March 7 to extend the source and contact 
tracing to a further ring, by collecting nose and throat swabs for culture from the 22 other 
residents (on a total of 32) and 53 staff members of the department. On Tuesday March 10, 
an additional five residents and nine staff members were diagnosed as colonised with 
MRSA. Employees found to be positive for MRSA were sent on sick leave and could only 
resume their duties after treatment. 
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7.4 THE OUTBREAK 

Because of the large number of MRSA colonised residents and staff, the nursing 
home decided on Wednesday March 11 to upgrade the local crisis team to a multidisciplinary 
outbreak-control steering committee of healthcare professionals. This team included the 
managing director, the physician in charge, two departmental managers, the hygiënist, the 
occupational health physician and the press officer of the nursing home, as well as the 
Consultant on Communicable Disease Control (CCDC), and a secretary. This team had to 
formulate, implement and co-ordinate an outbreak management strategy. 

Characteristics of the causative agent 
Because of the exceptional number of MRSA infections, it was immediately queried 

whether the outbreak was actually caused by MRSA. These doubts arose since a prevalence 
survey in 1992 demonstrated that MRSA scarcely occurs in Dutch nursing homes; it found 
only 0.16% (3/1973) of all S. aureus to be meticillin-resistent.36 MRSA is also rarely detected 
among healthy employees because the natural bacterial flora limits colonisation by MRSA." 
In the outbreak described here, however, 17% (9/53) of the staff were found to be colonised. 
Furthermore, the initial antibiograms of the first four patients in this outbreak showed three 
different patterns of resistance. Upon explicit inquiry, the commercial laboratory in a 
neighbouring country that had performed the analysis assured that positive MRSA cultures 
had been identified with certainty. In the same batch of samples, meticillin-sensitive strains 
of S. aureus had been found in six cultures of employees and three cultures from residents. 
In the case of one staff member and one resident, MRSA was discovered in the throat, while 
meticillin-sensitive bacteria were located in the nose. It was agreed to send the isolates returned 
by the foreign laboratory to the PHL for counter-expertise. These strains were also sent to 
the RIVM for phage typing of the bacteria and determination of the mecA gene by polymerase 
chain reaction (PCR). The presence of the mecA gene in the bacteria is a marker for MRSA. 

7.5 OUTBREAK MANAGEMENT ^ 

A plan was drafted to address the further investigations and public relations management. 
Arrangements were made for the follow-up examinations of colonised residents and 
employees. An infection control protocol was developed, stipulating strict hand disinfection 
for all persons in the nursing home, describing the required disinfection of contaminated 
rooms and materials and defining specific nursing activities. A system was organised to provide 
information to residents of the nursing home and their relatives, resident patients with 
outpatient or clinical appointments at the local hospital, staff, the municipal authorities and 
the IGZ. The press officer made a press plan and distributed press releases to the local news-
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papers and television stations. The physician in charge of the nursing home and the CCDC 
made an inventory of the data of the colonised persons. At the same time, other parties were 
consulted, such as the National Co-ordination Centre for Communicable Disease Control 
(LCI), the IGZ, expert microbiologists and the RIVM. 

Common hand hygiene was improved throughout the nursing home. After performing 
any activity in the rooms, everybody had to disinfect their hands with alcohol, after regular 
washing and drying of the hands. All nursing procedures were performed inside the rooms 
and only while wearing surgical masks, gowns and gloves. In all areas, surfaces were dis
infected after being cleaned in the usual fashion. Contaminated materials were washed at 
60°C or hung outside when washing was not possible. Checking every room for the level of 
contamination with the help of culture plates was not considered useful: a general disinfection 
would take place after the department was declared MRSA-free or when the outbreak was 
subsiding. 

Another 54 residents with risk factors for MRS A (wounds, catheters or tubes) in other 
departments of the nursing home were examined by means of cultures from the nose and 
throat, together with a culture of the loci at risk. Because some employees worked in other 
homes for the elderly as well, cultures from nose, throat and possible loci at risk were taken 
from 12 residents there. As soon as new cases among residents were discovered as a result 
of the screening, treatment as specified in the national MRSA guidelines was put into 
practice. Results of the protocol treatment were checked by taking culture samples from the 
noses, throats, perineums, groins and armpits of the eight MRSA-positive residents (one 
MRSA-positive resident died suddenly from another cause) and the MRSA-positive 
employees. All MRSA-positive patients were nursed in one part of the department and attended 
to as much as possible by a permanent team of employees. No special measures were 
considered necessary for the relatives. All communications with the hospital (ward or out
patient department) went via the hospital hygiënist. 

An inventory was made of the characteristics of all colonised residents and employees 
in the nursing home, on a specially designed form. Data included name, date of birth, department, 
room number, date of admission, individual risk factors (wounds, dermatological diseases, 
catheters and tubes, number of treatments with antibiotics in the previous year), type of 
accommodation before admission (home, hospital, nursing home, home for the elderly), 
previous microbiological diagnoses, medical history, number of hospital admissions in the 
preceding year and any stays abroad during the past year, result of cultures with place and 
date, as well as the antibiogram. 

Public relations and information 
Special meetings were organised to provide information to residents and their relatives. 

Information for employees was disseminated at the regular team meetings. The general 
practitioners, authorities of neighbouring municipalities and the IGZ were briefed by means 
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of a newsletter. The public relations and information team consisted of the press officer of 
the nursing home, the director and the CCDC. This team communicated with the local 
newspapers and television stations through the press officer. 

7.6 COURSE OF THE OUTBREAK ^ 

On Saturday March 14, ten days after the infection of the index patient had been 
found, another eight residents with risk factors proved to be MRSA-positive. They resided in 
four of the five remaining departments. In two homes for elderly belonging to the same 
foundation, three residents were found to have been infected with MRSA as well. Thus, the 
outbreak now included 29 colonised persons: 9 employees and 20 residents. All cases were 
treated according to the protocol. On Monday March 16, the outbreak-control steering 
committee planned the strategy for the service flats: the co-ordination of additional screening, 
the arrangements for monitoring by means of cultures, the setting up of treatment clusters, 
the organisation of disinfection of rooms and other areas, the cancellation of all admissions 
and the dissemination of information. Since the result of the counter-expertise was expected 
on Tuesday March 17, it was decided to halt the screening of an additional 500 people (the 
remaining residents of the nursing home and the service flats, other employees and the 
volunteers at the various departments) who had not yet had samples taken. They would be 
considered for further investigation if contamination should also appear to have occurred in 
the other parts of the nursing home. 

The counter-expertise 
On Tuesday March 17, the counter-expertise at the PHL showed the 15 isolates 

analysed to be meticillin-sensitive S. aureus. Because of these findings, the outbreak-control 
steering committee postponed all new activities until the results of the tests by the RIVM 
would be known as well, which were expected to become available the next day. On 
Wednesday March 18, two weeks after the first resident had been diagnosed as MRSA-posi
tive, routine analysis by the RIVM also identified only meticillin-sensitive bacteria. The 15 
isolates examined all had different phage types, which does not suggest a MRSA outbreak, 
but is rather consistent with various common strains of human S. aureus. 

Because of these results, it seemed beyond doubt that the MRSA outbreak did not 
exist, and the outbreak-control steering committee decided to lift all interventions, except the 
treatment of 11 patients. The residents, the employees, the general practitioners, the municipal 
authorities, the press, the LCI and the RIVM were informed of these developments. On 
Thursday March 19, the PCR revealed that the bacteria lacked the mecA gene. Furthermore, 
none of the follow-up cultures demonstrated MRSA. 
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7.7 DISCUSSION 

As far as the employees were concerned, more rigorous measures than indicated by 
the MRSA protocol were implemented in several situations. As the spread of the outbreak 
seemed extraordinary, hand hygiene in the nursing home was intensified by disinfection with 
alcohol under all circumstances, and not only when attending to colonised residents. 
Although the wearing of surgical masks was not required while nursing MRSA-colonised 
residents, it was nevertheless put into practice in view of the number of MRSA-positive 
employees. As a result of the unusual situation, microbiological examination included the 
staff as well. 

Good collaboration within a multidisciplinary MRSA outbreak-control steering 
committee, which included external specialists from the start, resulted in an appropriate 
response to the crisis. This alleged MRSA outbreak had very serious consequences for both the 
residents and staff of the nursing home, while the employment of additional staff and equipment, 
together with the costs of the microbiological analyses, led to a high financial burden. 

It should be noted, however, that incorrect identification of MRSA is not restricted to 
this incident. Proficiency testing programmes in Canada have shown that MRSA has not 
always been identified accurately.* A questionnaire-based survey conducted in Germany 
revealed that approximately one-third (8 of 22 respondents) of laboratories applied inadequate 
methods for the identification of MRSA [Peters et al.. Second Symposium on 
Tnfektionsmanagemenf, Berlin 1998]. In the Netherlands and the neighbouring country 
where the isolates were misidentified, proficiency-testing programs are obligatory, but data 
regarding the outcome (including MRSA identification) are not made public. A survey by 
Streulens and Mertens, with voluntary participation, indicated adherence to MRSA detection 
methods, but only 34% of all laboratories performed disk diffusion testing under optimal 
conditions for the detection of heterogeneous resistance.9 

This alleged outbreak prompted the IGZ to discuss the subject in a circular sent to the 
directors of health care facilities, microbiologists and laboratories, dated July 16, 1998. The 
Inspectorate emphasised once more the importance of standardised quality and accurate 
interpretation of laboratory results by microbiological experts. This warning by the 
Inspectorate should be kept in mind when contracting foreign laboratories. This is particularly 
important in the Netherlands, where, unlike in other countries, the policy is to avoid MRSA 
in intramural settings. This report also reminds us that verification of diagnosis may be an 
essential step in outbreak management. 
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CHAPTER 8 

General discussion: 
The investigation and control of outbreaks 

requires improvement 

8.1 INTRODUCTION M 

Recently, infectious diseases and outbreaks of infectious diseases are back on the top 
of the priority lists of politicians as an emerging threat for the stability of our society. 
Outbreaks of natural causes on one hand - like SARS-corona virus and closer to home 
Legionnaires' disease, meningococcal disease caused by serogroup C and avian flu (H7N7) 
- and the threat of bioterroristic outbreaks on the other hand - like anthrax and smallpox -
have accelerated this uprise in attention. In this scope of (re)emerging threats with possible 
aggravating consequences for individuals, the community and possibly even humankind, we 
need a robust communicable disease control system in a clear public health infrastructure. 
An effective communicable disease control system is essential to protect the health status of 
our society. With these recent changes in infectious disease dynamics, the major question is 
'Is our communicable disease control system able to cope with outbreaks? To know wheter 
we are prepared for the worst-case scenario, we first have to learn from the control and 
epidemiology of less serious outbreaks. The topic of this general discussion is the lessons 
learned from outbreak investigation. 
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8.2 DETECTING SIGNALS IS ESSENTIAL FOR OUTBREAK RECOGNITION 

Outbreak investigation always starts with the first step - recognizing a signal of one 
or more cases as an outbreak. Physicians, medical laboratories and institutions have the 
formal task to act as eyes and ears of the communicable disease infrastructure as is stated in 
the Communicable Disease Act. In practice, there is still a weak link between the Municipal 
Public Health Service (MHS - public health) and the health care system. Therefore, many 
(clusters of) infectious diseases are reported quite late or not at all (underreporting). This 
deficiency was also identified in the Canadian public health infrastructure after an analysis 
of their public health response to SARS.' In the outbreaks described in this thesis, a school, 
a rehabilitation clinic and a nursing home noticed an unusual number of cases while the 
general practitioners did not notice any patient. Because even everyday infectious diseases 
are not notified in a proper way, the detection of emerging infectious disease threats are 
hampered even more. 

Intrinsic to the problem, evidence of the present lack of detection of signals is hard to 
get. Yet, evidence for underreporting of notifiable disease can be estimated with a statistical 
technique known as 'capture-recapture (CRC) analysis. CRC analysis has been used to 
assess the completeness of notification in the Netherlands. By using this method the percentage 
of completeness for notifiable diseases malaria and meningococcal disease was estimated 
about 60%.:' Underreporting of infectious disease clusters can be suggested by national 
surveys. In 2002, the National Institute of Public Health and the Environment (RIVM) 
conducted a national assessment on all notified gastro-intestinal outbreaks by all Dutch 
MHSs.4 Large differences in number of outbreaks reported were observed between MHS-
regions when adjusted for regional population. It is likely that a major part of these outcome 
differences is due to differences in notification compliance. The most reported outbreaks 
were from our MHS (30/281; 11%) while our region is only the 17'h in order of magnitude 
and is inhabited by only 3% of the Dutch population. 

The MHS has to make every effort to create awareness among potential notifiers of 
their essential role in the communicable disease control infrastructure. The better the relati
onships between the MHS and physicians, microbiological laboratories and institutions are, 
the sooner and the more often signals reach the MHS. When the MHS is able to create a 
general awareness among the public that they can always contact the MHS in case of infectious 
disease questions and observations, many signals can be received from them too. 

Therefore, I suggest some strategies for the MHS to increase regional commitment to 
infection control. With regard to general awareness, it is beneficial to inform local media 
frequently about infectious disease topics and make explicit the central role and expertise of 
the MHS in communicable disease control. With regard to formal notification partners it is 
conducive to set up written agreements about mandatory and voluntary notification, have 
personal contact, participate in educational programs, give feedback on notified cases, 
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show the benefits of notification, inform formal notifiers with useful infectious disease 
recommendations when it matters, organize or participate in meetings and seminars about 
infectious disease topics, initiate or participate in infectious disease research, use modern 
means of communication like e-mail and websites and be accessible and available for signals, 
questions and advice during 24-hours a day.5 Particularly regarding regional institutions, it is 
good for notification awareness to participate in infection prevention and hygiene committees, 
play a role in Legionella prevention policies and institution policies for puncture and bite 
accidents, and care for hepatitis B vaccination programs. 

8.3 ACCESS TO A PUBLIC HEALTH LABORATORY IS ESSENTIAL ^ 
FOR OUTBREAK INVESTIGATION 

In an outbreak investigation, diagnostic assays are essential when taking outbreak control 
serious. Laboratory confirmation should be part of the case definition applied when 
investigation an outbreak and even in an earlier stage verifying a signal. It is necessary to 
test patients and potentially exposed persons (contacts) to map out the outbreak and draw 
convincing conclusions. After all, a diagnostic survey can result in identification of the cases, 
the asymptomatic cases, the immunes and the susceptible contacts. A relationship of close 
cooperation with a Regional Public Health Laboratory (PHL) and a proper arrangement to 
finance diagnostic assays is an essential precondition for outbreak investigations.5 In daily 
practice, there are difficulties with timely access to laboratory testing and laboratory results. 
This was also identified as a systemic deficiency after the analysis of the response to SARS 
by the Canadian public health system.' Furthermore, low invasive diagnostic public health 
assays (e.g. with saliva6) and specific molecular typing methods to verify epidemiological 
assumptions are not always easily available for outbreak investigations by the MHS. 

The personal benefits of diagnostic tests in the scope of individual patient care over
rule invasiveness of procedures, but in infection control, invasive procedures can restrict the 
voluntary attendance to diagnostic assays. Because venepuncture is often considered to be 
an upsetting procedure in children and mentally disabled, less invasive diagnostic procedures, 
such as oral fluids tests6, urine tests or thumb prick tests (capillary bleeding), which are 
currently hardly available in the Netherlands, would be valuable for the analysis of outbreaks. 
Although these low invasive assays may be less sensitive and specific, this drawback is not 
always a problem. Outbreak control and analysis needs a diagnosis in a group and a correct 
diagnosis in all individuals has a lower priority. Furthermore, the predictive value of a test 
under epidemic circumstances requires less sensitivity and specificity to judge on the cause 
of an outbreak, because the incidence in the tested group is often high. 

The study of an outbreak of parvovirus B19 (chapter 3) demonstrated that the thumb 
prick was well tolerated and well accepted as a low-invasive method to collect blood samples 
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in primary school children during outbreaks. When oral fluid tests are available, these will 
even prevail. Other examples of low invasive investigations are the Streptococcus pyogenes 

classroom outbreak diagnosed with throat swabs depicted in chapter 4. a Mycoplasma 

pneumoniae outbreak in an institution for mentally disabled people studied with PCR on 
throat swabs7, the usage of an influenza quick test on oral fluids in for instance an influenza 
outbreak in a nursing home or home for the elderly" and also the fecal samples from 
Norovirus outbreak from chapter 5. 

The complimentary nature of the epidemiological analytical and microbiological 
findings provides the evidence of an outbreak's source, reinforced by the specific micro
biological typing assays. Outbreaks confirmed with these techniques give evidence that is 
more convincing in establishing cause-effect relationships. In this thesis, we successfully 
used molecular typing assays. We used M-genotyping, T-serotyping and exotoxin-A-and-C-
gene PCR on Streptococcus pyogenes in the classroom outbreak of scarlet fever (chapter 2), 
genotyping in the Norovirus Birmingham outbreak (chapter 5), the nosocomial Legionella 

pneumophila serogroup 1 outbreak (chapter 6) and the use of genotyping in meningococcal 
clusters as concluded in chapter 4. During the meticillin-resistant Staphylococcus aureus 

outbreak in a nursing home the phage typing and the mecA gene tests showed their value in 
convincingly assessing the spurious nature of the outbreak (chapter 7). 

As CCDCs experience thresholds in initiating diagnostic assays, I suggest some 
strategies to fill in this deficiency in our communicable diseases control infrastructure. The 
government should enhance the public health laboratories (network with RIVM)) and make 
the link between MHS and laboratory more explicit. The epidemic response capacity must be 
improved by investing in centres of expertise in infectious disease research (public health) 
and outbreak investigation where public health laboratory (and RIVM), university and MHS 
operate together. In these centres, the availability of low-invasive assays and molecular 
typing techniques for outbreak investigations should be supported. The theoretical education 
and experience of the CCDCs should be improved regarding microbiological procedures and 
epidemiological investigations of outbreaks. The government should support the status of 
CCDCs for initiating diagnostic tests, which are paid by the health insurance companies or 
by a governmental budget. 
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8.4 REGIONAL OUTBREAK INVESTIGATIONS IS ESSENTIAL TO M 
IMPROVE THE NATIONAL POLICY 

Regional outbreak investigations are important in public health to identify the source, 
implement control measures and prevent future illness; in addition, they frequently yield new 
knowledge that may lead to amended national infection control policies. Infection dynamics 
change constantly over time and exactly in case of outbreaks, investigations can reveal new 
sources, new routes of transmission and new patterns of disease. An example of this is the 
death of a veterinarian by influenza N7H7 during the avian flu outbreak in the Netherlands 
in 2003. Even the mild consequences for humans (conjunctivitis) were not in line with the 
existent knowledge of influenza A viruses in birds. This thesis shows regional outbreak 
investigations that lead or can lead to adjustment of national policy. 

The report of the Legionella outbreak from chapter 6 is the first to establish the 
clinical relevance of Legionella in the cold water supply of a health care institution, causing 
nosocomial infections. The suggestions about surveillance of intramural water systems on 
temperature and Legionella growth - cold and hot water - were implemented in the national 
policy for Legionella prevention" accelerated by the public effects of the Legionella outbreak 
at the Flower show.10 

Incorrect identification of MRS A is not restricted to the incident reported in chapter 7, 
as proficiency-testing programs have shown that MRSA has not always been reported 
accurately. This alleged outbreak prompted the IGZ to discuss the subject in a circular sent 
to the directors of health care facilities, microbiologists and laboratories. The IGZ emphasised 
the importance of standardised quality and interpretation of laboratory results by micro
biological experts. 

Chapter 3 illustrates the confirmation of an outbreak of parvovirus B19 in a primary 
school using IgM ELISA and PCR on blood samples collected by thumb prick. 
Unexpectedly, the results showed a considerable number of discrepancies in sample results 
demonstrating that maximum sensitivity of parvovirus testing would require both tests to be 
performed. These findings are implemented in a LCI-protocol on exanthemas in children. 
The RIVM has worked on a low invasive diagnostic panel for exanthemas using oral fluids, 
urine and thumb prick tissue paper samples for assessment of the diagnosis. A pilot-project 
in co-operation with several MHSs is now implemented to analyse school and day care centre 
exanthema outbreaks using this panel to assess measles, rubella and fifth disease. 

The research on meningococcal clusters (chapter 4) confirmed present control policy. 
Secondary cases could not have been prevented by any other interventions than the present 
protocols on rifampicin prophylaxis for close contacts. Moreover, no effect on meningococcal 
prevention is expected when distributing rifampicin prophylaxis to other groups. 

Chapter 5 demonstrated a recreational fountain as a novel source of Norovirus 
infection showing that not only drinking water, but also recreational water may be the source 
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of gastroenteritis outbreaks. This outcome may lead to amended infection control policies on 
quality of recreational water because recreational fountains are a popular attraction in 
playgrounds but also in public parks or town centres. Thereby, they are a potential risk for 
large groups of children. 

Outbreak investigations can thus not only prevent illness in direct related persons but 
also indirect by a declining incidence of disease through adjusted infection control policies. 
The Advisory Council on Health Research (RGO) also noted the lack of infectious diseases 
research (related to public health) in their advice on knowledge infrastructure in communicable 
diseases." They conclude that the MHS is the ideal setting for research into the control of 
communicable diseases and should be stimulated strongly. They emphasise that there should 
be a guaranteed possibility of performing research within the MHS. 
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Summary 

CHAPTER 1: offers an introduction in the control and epidemiology of outbreaks. Three 
general topics on outbreaks are discussed. The first part describes the characteristics of 
outbreaks. The definition of an outbreak, factors needed for an outbreak to start, the mode of 
transmission and when an outbreak is finished are discussed. The second part is about the 
present organization of our infrastructure to control outbreaks. It 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 two mayor Acts for the legal framework 
are discussed, the Collective Prevention in Public Health Act and the Communicable Disease 
Act. Moreover, quality standards are mentioned in detail. The third part is about the basics 
of outbreak investigation and outbreak epidemiology. The process of outbreak management 
and outbreak investigation is explored in different stages: detection of signals, verification, 
outbreak management team formation, communication, outbreak analysis and intervention. 

CHAPTER 2: evaluates a primary school classroom outbreak of scarlet fever, impetigo 
and pharyngitis. Following the reporting of an unusual number of scarlet fever cases within 
the same primary school, the epidemiological and clinical features of the outbreak were 
investigated. Questionnaire information about the cases was collected by telephone from 
parents and general practitioners. Throat samples were taken, before and after treatment, and 
culturing and specific typing of streptococci was performed to determine the level and mode 
of transmission. 

Within a period of one month, 21 schoolchildren in a class of 29 pupils, with a mean 
age of 5 years, presented with symptoms caused by streptococcal infection (attack rate 72%). 
Eight developed scarlet fever, five suffered from impetigo and eight children had pharyngitis. 
A further six children, outside the class, had complaints of scarlet fever, impetigo or pharyngitis. 
Throat cultures were taken from 90% (26/29) of the schoolchildren. Twelve positive cultures 
of the same strain of beta-haemolytic group A streptococcus, T4M4 exotoxin C gene positive, 
were found. The advice given was to treat all positive children with azithromycin for three 
days to prevent complications and further spreading of the disease. After two weeks only one 
child, who had not taken the antibiotics, still had a positive throat culture. No further cases 
or complications were reported. 

The pattern of the outbreak was typical of person-to-person transmission. This was 
confirmed by typing of the isolates. The results of this study demonstrate the importance of 
mandatory notification of infectious clusters by institutions such as schools, as introduced in 
the new Dutch Communicable Diseases act. Notification gives the MHSs the opportunity to 
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analyse the source and transmission dynamics, as well as to prevent disease and complications. 
Specific microbiological typing of the bacteria proved very useful as an instrument to verify 
epidemiological assumptions. 

CHAPTER 3: evaluates the confirmation of an outbreak of parvovirus B19 in a primary 
school using IgM ELISA and PCR on thumb prick blood samples. Although parvovirus 
infections are usually benign and self-limiting, it is important to confirm the diagnosis in a 
public health setting, which might involve pregnant women for whom an outbreak could lead 
to medical consequences. In these situations, microbiological confirmation by thumb prick 
is a relatively low-invasive method that is simple to carry out. 

Because relatively small blood volumes are obtained in thumb prick blood samples, 
we compared the results of two different techniques during an outbreak of erythema infectiosum: 
the usual serological detection of IgM antibodies (ELISA) versus PCR-based detection of 
viral DNA. 

In a school-based outbreak, 39 cases (33 schoolchildren, three parents, three 
pre-schoolers) were registered over a period of 11 weeks. Sera were obtained from 23 of the 
school cases and two of the three parent cases. Of all thumb prick serum samples, 65% 
(15/23) tested positive or borderline positive for parvovirus IgM with ELISA, while 70% 
(16/23) tested positive or borderline positive with PCR. Although the overlap between the 
two tests was large (11 samples tested positive or borderline positive in both), a substantial 
number of samples showed contradictory results (9 samples). 

The overall picture of 37 clinical cases of erythema infectiosum and two adult cases 
with arthritis, linked to a primary school, fits in well with positive diagnostic results by either 
technique for parvovirus B19, convincingly demonstrating an outbreak of fifth disease. 
The considerable number of discrepancies in sample results demonstrates that maximum 
sensitivity of parvovirus testing would require both tests to be performed. 

CHAPTER 4: evaluates a comparison of a cluster analysis of invasive meningococcal 
disease results by a novel statistical method and field observations. Clusters are recognized 
when meningococcal cases of the same phenotypic strain (markers: serogroup, serotype and 
subtype) occur close in place and time. The incidence of such clusters was compared to that 
expected by chance, using space-time nearest-neighbor analysis of data of 4887 confirmed 
invasive meningococcal cases identified in the 9-year surveillance period 1993-2001 in 
the Netherlands. Clustering beyond chance only occurred among the closest (lst-nearest) 
neighboring cases (comparable to secondary case) and was small (3.1%; 95%CI: 2.1-4.1). 

Our findings suggest that apparent clusters are not a valuable entry-point for targeting 
additional intervention efforts, as these would prevent few further cases. Field clusters are 
easily misinterpreted as outbreaks, and would require genotyping to rule out misclassification. 
Our method of nearest-neighbor analysis provides a sensitive novel approach to the epidemiology 
of meningococcal disease. 
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CHAPTER 5: describes a study on a gastro-enteritis outbreak among primary school 
children which was associated with playing in a Norovirus contaminated recreational 
fountain. A retrospective cohort study was performed to estimate the magnitude of the 
outbreak and identify its source. An epidemiological investigation included standardised 
questionnaires about sex, age, school, class, possible risk exposures, and characteristics of 
the illness. Stool samples and environmental water samples were analysed for the presence 
of bacteria, viruses and parasites. 

Questionnaires were returned for 191 school children (response 83%) with a mean 
age of 9.2 years, of whom 47% had experienced illness (diarrhoea and/or vomiting). 
Children were more likely to have been ill if they had played in the recreational fountain (RR 
10.4). Norovirus was detected (Birmingham) in 22 (88%) stool specimens from ill children 
and 6 (38%) specimens of children without symptoms. The water sample derived from the 
fountain contained a Norovirus strain, which was identical to the Birmingham RNA sequence 
found in stools. 

Not only drinking water, but also recreational water may be the source of gastroenteritis 
outbreaks. Adequate water treatment such as chlorination can prevent these types of outbreak. 

CHAPTER 6: discusses the technical, microbiological and epidemiological investigation 
following two cases of fatal Legionella pneumonia. Faced with two nosocomial cases in a 
rehabilitation centre in the South of Limburg, the Netherlands, the water supply was investigated. 
Water temperatures from different taps were measured. Legionella cultures were made from 
respiratory patients' specimens, water samples and smears from all mixing taps (used in sho
wers), samples from hot and cold water taps from the infected ward and from the five other 
wards. The strains were typed by serotyping and polymerase chain reaction. The circulating 
cold water sometimes warmed up to 40°C (within the Legionella growth range). From the 
sputum of the two male patients with rheumatoid arthritis who died of Legionella pneumonia 

the same Legionella pneumophila (serotype 1) was cultured as from the water supply. Of the 
showers on the contaminated ward 19% (12/63) were positive for Legionella as were 59% 
(35/59) of the cold water taps. Cultures from the hot water supply were negative just like 
control cultures from five other wards and swabs from showerheads and hoses. The cold-
water tubes ran next to the hot water tubes and the central heating system in the same shaft. 
On the infected ward patients were absent during the weekends. As one of the subsequent 
measures, the cold water pipes were relocated to another shaft. 

The combination of an elevated cold water temperature caused by heating along a 
distance by nearby hot water and heating piping and the regular stasis of water during the 
weekends when the ward was closed, most probably stimulated the multiplication of 
Legionella in the water supply. In order to minimize contamination of cold water, its 
temperature must be below 20°C. Surveillance of intramural water systems is necessary to 
prevent nosocomial infections. 
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CHAPTER 7: evaluates the controlling of an alleged outbreak of meticillin-resistant 
Staphylococcus aureus (MRSA) in a Dutch nursing home. Following the identification of 
an index patient with MRSA in a Dutch nursing home with 175 residents, microbiological 
diagnosis having been obtained from a foreign laboratory, a survey was carried out to trace 
contacts by means of the "ring principle' of outbreak management. Whenever positive 
cultures were found in the first ring of residents, the contact and source tracing procedure 
was extended. In accordance with the Dutch guidelines for MRSA in nursing homes, a range 
of preventive measures was taken regarding colonised residents and employees and the 
cleaning of rooms. Ten days after the occurrence of the index case, 29 persons. 9 employees 
and 20 residents, were found to be colonised with MRSA. Because of this extraordinary 
count compared with earlier Dutch findings (only 0.16% of inhabitants colonised) there were 
doubts about the laboratory results. A counter-expertise from the PHL and the RIVM showed 
no MRSA, but meticillin-sensitive S. aureus. 

This alleged outbreak had very serious consequences for residents and employees and 
major financial consequences for the nursing home. There was a very adequate response to 
the crisis by a multidisciplinary team including external specialists. Incorrect identification 
of MRSA is not restricted to this incident, as proficiency-testing programmes have shown 
that MRSA has not always been reported accurately. The IGZ emphasised the importance of 
standardised quality and interpretation of laboratory results by microbiological experts. This 
should be kept in mind when contracting foreign laboratories, particularly because the Dutch 
policy is to avoid MRSA in intramural settings. The verification of the diagnosis once again 
proved to be an essential step in outbreak management. 

CHAPTER 8: offers a general discussion on the lessons learned from outbreak investigation 
and the bottlenecks that are revealed and suggestions for improvement are presented. 
Recently, infectious diseases and outbreaks of infectious diseases are back on the top of the 
priority lists of politicians as an emerging threat for the stability of our society. Outbreaks 
due to natural causes on one hand and the threat of bioterroristic outbreaks on the other hand 
have accelerated this incline in attention. In this scope of (re)emerging threats with possible 
aggravating consequences for individuals, the community and possibly even humankind, we 
need a robust communicable disease control system in a clear public health infrastructure. 
An effective communicable disease control system is essential to protect the health status of 
our society. Before we know if we are prepared for the worst scenario, we have to learn from 
the control and epidemiology of less serious outbreaks. I raise three mayor concerns that 
should be improved: the detection of outbreak signals, the place of diagnostic assays and a 
microbiological laboratory in communicable disease control and performance of outbreak 
investigations. 

The MHS has to make every effort to create awareness among potential notifiers of 
their essential role in the communicable disease control infrastructure. The better the 
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relationships between the MHS and physicians, microbiological laboratories and institutions 
are, the quicker and the more often signals reach the MHS. When the MHS is able to create 
a general awareness among the public that they can always give notice in case of infectious 
disease questions and observations, many signals can be received from them too. 

A relationship of close cooperation with a PHL and a proper arrangement to finance 
diagnostic assays is an essential precondition for outbreak investigation. In daily practice, 
there are difficulties with timely access to laboratory testing and laboratory results. 
Furthermore, low invasive diagnostic public health assays (e.g. with saliva) and specific 
molecular typing methods to verify epidemiological assumptions are not always available for 
outbreak investigations by the MHS. 

Infection dynamics change constantly over time and precisely with outbreaks, they 
can show us new sources, new routes of transmission and new patterns of disease. Thorough 
outbreak investigations can thus prevent illness in direct related persons but also indirect by 
a decline in the incidence of disease through adjusted infection control policies. 
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Samenvatting 

Dit proefschrift gaat over het bestrijden van epidemieën en datgene wat we uit de analyse 
van deze epidemieën kunnen leren. 

HOOFDSTUK 1: beschrijft een algemene inleiding over epidemieën en het onderzoek en 
de bestrijding ervan. Er worden drie algemene onderwerpen besproken. Het eerste deel 
gaat in op de karakteristieken van epidemieën: de definitie, factoren hoe een epidemie kan 
ontstaan, de manier waarop een epidemie zich verspreidt en wanneer de epidemie is afgelopen. 
Het tweede deel van dit hoofdstuk gaat over de organisatie van de infrastructuur voor bestrijding 
van epidemieën - feitelijk het werk van de afdelingen infectieziekten van de GGDen. Het 
werk van de GGD als infectieziektebestrijder in Nederland is geregeld in twee belangrijke 
wetten, enerzijds de Wet Collectieve Preventie Volksgezondheid en anderzijds de 
Infectieziektenwet. In de WCPV is geregeld dat de gemeentebesturen de eindverant
woordelijkheid dragen voor de uitvoering van de infectieziektebestrijding, waarbij de 
dagelijkse verantwoordelijkheid voor de uitvoering gedelegeerd is aan de directeur van de 
GGD. De Infectieziektenwet voorziet in maatregelen om de gezondheid van de bevolking te 
beschermen tegen infectieziekten. Tevens worden de kwaliteitseisen waaraan de huidige 
infectieziektebestrijding moet voldoen worden beschreven. Het derde deel gaat over de 
basisprincipes van onderzoek van epidemieën en infectieziekten epidemiologie. Bij het proces 
van het bestrijden van epidemieën zijn een aantal zaken te onderscheiden: signalering van 
een epidemie, verificatie van een epidemie, instellen outbreakteam, communicatie, analyse 
van de outbreak en de interventie. 

In HOOFDSTUK 2 wordt een epidemie van roodvonk, impetigo en faryngitis op een basis
school beschreven die veroorzaakt werd door dezelfde Streptococcus pyogenes type 
M4T4. Naar aanleiding van een melding van een ongewoon aantal gevallen van roodvonk in 
dezelfde basisschoolklas is een onderzoek verricht naar het voorkomen van klachten en 
aanwezigheid van streptokokken. Met behulp van een telefonische vragenlijst zijn ouders 
en huisartsen ondervraagd over het ziektebeeld van de schoolkinderen. Door middel van 
kweken van de keel werd meer inzicht in de verspreiding gekregen, waarna de verkregen 
streptokokkenstammen zijn getypeerd. 

Binnen een maand kregen 21 kinderen - in een klas van 29 kinderen met een gemid
delde leeftijd van 5 jaar - klachten die werden veroorzaakt door streptokokken (attack rate 
72%). Acht van de kinderen kregen roodvonk, 5 kregen impetigo en 8 hadden faryngitis. 
Buiten deze klas kregen nog 6, niet tot de schoolklas behorende kinderen klachten van rood
vonk, faryngitis of impetigo. Bij 90% (26/29) van de kinderen in de klas werd een keelkweek 
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verricht. Er werden 12 positieve kweken met hetzelfde T4M4 exotoxine C-gen positieve bèta 
hemolytische streptokok van groep A gevonden. De kinderen met een streptokok in de keel 
zijn 3 dagen behandeld met azithromycine. Na twee weken werd alleen nog het kind dat geen 
azithromycine had genomen positief bevonden. Daar er geen additionele gevallen werden 
gemeld, is de interventie effectief gebleken. 

Het patroon van de epidemie past goed bij een persoon-tot-persoon besmetting, het
geen bevestigd werd met typering. De relatief nieuwe meldingsplicht voor instellingen, 
waaronder basisscholen, blijkt gezien deze epidemie zeer zinvol te zijn. Dankzij de melding 
aan de GGD is actie ondernomen, is duidelijk geworden dat er sprak was van een epidemie 
en zijn maatregelen genomen om verspreiding van de infectieziekte te beperken en mogelijke 
ziekte en complicaties te voorkómen. 

HOOFDSTUK 3: beschrijft een epidemie van parvovirus (vijfde ziekte of erythema infec-
tiosum) op een basisschool die is geanalyseerd met behulp van IgM ELISA en PCR dia
gnostiek in vingerprik bloedmonsters. Hoewel parvovirus infecties veelal goedaardig en 
zelflimiterend zijn, is het belangrijk om de diagnose te bevestigen bij een epidemie. Er kunnen 
hierbij namelijk zwangere vrouwen betrokken zijn zodat medische consequenties niet zijn 
uitgesloten. In deze situaties is microbiologische bevestiging met behulp van vingerprik een 
relatief weinig invasieve methode om uit te voeren. In het beschreven onderzoek vergeleken 
we de resultaten van de gebruikelijke detectie van IgM antilichamen (ELISA) versus de 
detectie van viraal DNA (PCR) in de kleine serummonsters. 

Gerelateerd aan de basisschool werden 39 cases geregistreerd (33 schoolkinderen, 
3 ouders en 3 peuters) overeen periode van 11 weken. Van 23 schoolkinderen werden serum
monsters verkregen en van twee ouders. Van alle vingerprikserummonsters werd 65% 
(15/23) positief of grenswaarde positief voor parvovirus IgM met ELISA getest, terwijl 70% 
(16/23) met PCR positief of grenswaarde positief werd getest. Hoewel de overlap tussen 
beide testen groot was (11 sera positief of grenswaarde in beide), liet een substantieel deel 
van de monsters tegengestelde resultaten zien (9 sera). 

Het algemene beeld van 37 klinische casus van erythema infectiosum en twee volwas
senen met artritis gerelateerd aan een basisschool past goed bij de positieve diagnostische 
resultaten door één van de technieken voor parvovirusdetectie. De diagnostische technieken 
IgM ELISA en PCR in vingerprikbloedmonsters zijn onafhankelijk van elkaar in staat 
overtuigend een epidemie van vijfde ziekte aan te tonen. Als maximale sensitiviteit nodig is 
laat het behoorlijke aandeel in tegengestelde resultaten zien dat beide testen uitgevoerd zou
den moeten worden. 
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In HOOFDSTUK 4 wordt ingegaan op een plaats-tijd clusteranalyse van invasieve meningo-
kokkenziekte waarbij we een vergelijking hebben gemaakt van de resultaten uit een 
nieuwe statistische methode en veldobservaties. Het ontstaan van clusters van invasieve 
meningokokkose is slechts voor een deel duidelijk. Clusters worden herkend wanneer gevallen 
met hetzelfde serosubtype (serogroep, serotype en subtype) dichtbij elkaar voorkomen in 
plaats en tijd (veldclusters) of wanneer er een verhoogde incidentie plaats vindt in een 
retrospectief vastgesteld gebied en tijdsperiode (populatieclusters). We onderzochten het 
fenomeen clustering met 'nearest neighbor' statistiek waarbij zowel de plaats als tijd simultaan 
werden meegenomen. De onderzoekspopulatie was gebaseerd op matching van GGD-
meldingen en laboratorium data (RBM). Er werden 4885 invasive meningokokkengevallen 
onderzocht uit de periode 1993-2001. Veldclusters (2 of meer gerelateerde gevallen) werden 
geïdentificeerd aan de hand van GGD-meldingen bij Inspectie voor de Gezondheidszorg. 
Om de mate van clustering te bepalen onderzochten we associaties tussen een index casus en 
zijn 'nearest neighbor' en het geïnfecteerd zijn met hetzelfde serosubtype. 

We vonden een verhoogd voorkomen van clustering van 3,1% (95%BI: 2,1-4,1) bij 
de l'-nearest neighbours (dit is vergelijkbaar met een secundair geval). Er werd geen 
verhoogd voorkomen gevonden bij de 2'- tot 5c-nearest neighbor wanneer dit werd vergeleken 
met de achtergrond waarde. De gemiddelde afstand in plaats en tijd tussen een casus en zijn 
le-nearest neighbor van dezelfde stam was 6,1 km en 13,2 dagen. Slechts 7 stammen van 250 
- overeenkomend met 14% (694/4887) van alle gevallen - vertoonde significante clustering 
(B:1:P1.4; B:1:P1.16; B:4:P1.5; B:4:P1.10; B:nt:Pl.nt; B:15:P1.7 and B:15:P1.7,16). De 
GGD-en identificeerden 40 veldclusters (11 basisschoolclusters, 7 kindercentrumclusters, 
1 zwembadcluster en 21 gezinsclusters) welke overeenkwamen met 21 verschillende 
serosubtypes. 

We kunnen concluderen dat statistisch verhoogd voorkomen van clustering alleen 
plaats vindt in de 1'-nearest neighbours (secundaire besmetting) en niet in verder gelegen 
neighbours. Dit suggereert dat additionele interventies - waaronder profylaxe aan andere 
groepen dan gezinscontacten - geen verdere gevallen kunnen voorkomen. Veldclusters wor
den regelmatig onjuist geïnterpreteerd als clusters, en genotypering zou ingezet moeten wor
den om misclassificatie te voorkomen. De waarde van clustersurveillance als middel voor 
preventie van nieuwe gevallen lijkt beperkt. 

HOOFDSTUK 5: schets een unieke Noro-virus epidemie onder schoolkinderen na spelen 
in een recreatieve waterfontein. Een watergerelateerde gastro-enteritis epidemie onder 
schoolkinderen, volgend op schoolreisjes naar een recreatiepark in juni 2002 is onderzocht. 
Er werd een retrospectief cohort onderzoek uitgevoerd om de omvang van de epidemie te 
bepalen en de bron te identificeren. Alle kinderen van drie scholen die het recreatiepark 
bezochten ontvingen een vragenlijst over demografische kenmerken, klachten en blootstelling 
aan diverse risicofactoren. Fecesmonsters van zieken en niet-ziekten en watermonsters van 
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de verdachte speelfontein en nabij gelegen waterkranen werden onderzocht op bacteriën, 
virussen en parasieten. 

Van 191 (83%) kinderen (4-12 jaar) die een vragenlijst terugstuurden, meldde 48% 
klachten van diarree en/of braken. De enige risicofactor voor het ontstaan van gastro-enteritis 
was blootstelling aan de speelfonteinen in het park: RR=10,4: 95% BI 1,5-70,8. Van de zieke 
kinderen bleek 98% blootgesteld. Het percentage zieken in een school was hoger naarmate 
de geschatte verblijfsduur bij de fonteinen toenam. Norovirus, genotype Birmingham, werd 
gevonden in feces van 88% (22/25) van de onderzochte zieke kinderen en bij 38% (6/16) van 
de kinderen die geen klachten ontwikkelden. Alle Norovirus-positieve kinderen, op één na, 
hadden gespeeld in de waterfontein. Het kraanwater van het recreatiepark voldeed volledig 
aan de wettelijke normen. Het fonteinwater overschreed de bacteriële normen voor recreatie
water, wijzend op fecale verontreiniging. De Norovirus-stam, genotype Birmingham, die 
eveneens in het water werd gevonden, was identiek aan de RNA sequentie gevonden in de 
feces monsters. 

De epidemie werd veroorzaakt door speelfonteinwater die waarschijnlijk fecaal besmet 

was met Norovirus. Als gevolg van deze epidemie heeft het recreatiepark verstrekkende 

beheersmaatregelen genomen ten aanzien van de fontein om toekomstige verontreiniging en 

daarmee epidemieën te voorkomen. Zonder beheersmaatregelen kunnen recreatieve fonteinen 

gezondheidsrisico's vormen. 

In HOOFDSTUK 6 wordt een beschrijving gegeven van het technisch, microbiologisch en 
epidemiologisch onderzoek dat gestart is na melding van twee fatale gevallen van noso
comial Legionella-pneumonie die veroorzaakt werden door het koude leidingwater in 
een revalidatiekliniek. Naar aanleiding van twee gevallen van fatale legionellose in een 
revalidatiekliniek werd naast temperatuurmeting van warmwatertappunten tevens onderzoek 
van het koude water verricht. Voor de besmette afdeling werden kweken ingezet van patiënt
materiaal, uitstrijkjes van douchekoppen en -slangen, watermonsters van mengkranen (douches) 
en monsters van heet- en koud watertappunten; voor de 5 andere afdelingen werden evenveel 
monsters genomen. Van de Legionella-stammen werden het serotype en het DNA-profiel 
bepaald. 

De temperatuur van het water uit de koudwaterkranen bleek op bepaalde momenten 
tot 40°C op te lopen en daarmee binnen de groeirange van Legionella. Uit het sputum van de 
2 mannelijke reumapatiënten die overleden ten gevolge van een Legionella-pneumonie, werd 
hetzelfde serotype I van Legionella pneumophila gekweekt als uit het koude water van de 
afdeling. Van de koudwatertappunten bleek 59% (35/59) positief voor Legionella en van de 
mengkraanmonsters op de besmette afdeling 19% (12/63). De kweken van de heetwatertap-
punten bleken negatief, evenals de controlekweken op de 5 andere afdelingen en de 
uitstrijkjes van douchekoppen en -slangen. De koudewaterleidingen liepen samen met de 
heetwaterleidingen en de verwarmingsbuizen in dezelfde schacht. Op de besmette afdeling 
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waren patiënten alleen buiten de weekends opgenomen. Als een van de maatregelen werden 
de koudewaterleidingen verplaatst naar een andere schacht. 

De combinatie van verhoogde koudewatertemperatuur door spontane verwarming van 
het koude water door de nabij gelegen heetwaterleiding en verwarmingsbuizen enerzijds en 
de langdurige verwarming door stase van het water anderzijds, leidde waarschijnlijk tot 
vermeerdering van Legionella in het koudewaterleidingsysteem. Om besmetting van koud 
water tegen te gaan, dient men de temperatuur <20°C te houden. Surveillance van het water
systeem in intramurale setting is van belang voor preventie van nosocomiale pneumonieèn. 

HOOFDSTUK 7: toont de bestrijding van een vermeende epidemie met meticilline-
resistente Staphylococcus aureus (MRSA) in een verpleeghuis. Naar aanleiding van een 
indexpatiënt met MRSA in een verpleeghuis met 175 bewoners (microbiologische uitslag 
was verkregen van een buitenlands laboratorium) werd door middel van kweken van neus, 
keel, eventuele wonden, katheters en sondes volgens het ringprincipe in de infectieziekte-
bestrijding meer inzicht in de verspreiding gekregen. Volgens de verpleeghuisrichtlijn voor 
MRSA van de Werkgroep Infectieziekte Preventie werden maatregelen genomen ten aanzien 
van gekoloniseerde bewoners, reiniging van kamers, en medewerkers. De vermeende epidemie 
betrof, 10 dagen na het bekend worden van de indexpatiënt, 29 gekoloniseerde personen: 
9 medewerkers en 20 bewoners. Gezien het ongewone aantal besmette personen rees er 
diagnostische twijfel ten aanzien van de kweekuitslagen van het buitenlandse laboratorium. 
De contra-expertise toonde aan dat het niet MRSA betrof, maar meticillinegevoelige 
S. aureus. 

Deze pseudo-epidemie had grote belastende gevolgen voor de bewoners en mede
werkers, evenals grote financiële gevolgen voor het verpleeghuis. Door een multidisciplinair 
team met externe deskundigen werd goed op de crisis ingespeeld. De Hoofdinspecteur voor 
de Gezondheidszorg benadrukte in een brief naar aanleiding van deze pseudo-epidemie 
nogmaals het belang van gestandaardiseerde kwaliteit en juiste interpretatie van laboratori
um-uitslagen door medisch microbiologen. Mede door het strikte Nederlandse MRS A-beleid 
dient bij het afsluiten van contracten met buitenlandse laboratoria hiervoor aandacht te zijn. 
Eens te meer bleek verificatie van diagnostiek een essentiële stap in het beleid bij een 
infectie-uitbraak. 

In HOOFDSTUK 8 wordt ingegaan op de lessen die uit het onderzoek van de epidemieën 
kan worden geleerd, de knelpunten die worden gesignaleerd en er worden oplossings
richtingen aangedragen. Infectieziekten en epidemieën van infectieziekten staan door de 
recente ontwikkelingen weer boven op de prioriteitenlijstjes van de politici omdat ze een 
opkomende bedreiging vormen voor de stabiliteit van de samenleving. Epidemieën van 
natuurlijke oorsprong en de dreiging van bioterroristische aanslagen hebben deze aandacht 
versterkt. In dit tijdsgewricht van opkomende infectieziektebedreigingen met mogelijk 
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ernstige consequenties voor individuen, de samenleving en mogelijk zelfs de mensheid 
hebben we een sterk infectieziektebestrijding systeem nodig in een heldere openbare 
gezondheidszorg infrastructuur. Voordat we weten of we voorbereid zijn op het meest ernstige 
scenario moeten we leren van de bestrijding van minder ernstige epidemieën. Daarom ga ik 
in dit hoofdstuk in op drie belangrijke knelpunten die opgelost moeten worden: het oppikken 
van signalen, de plaats van diagnostiek en het microbiologische laboratorium in bestrijding 
van epidemieën en het uitvoeren van gedegen onderzoek van epidemieën. 

De GGD moet er werk van maken om bij alle potentiële melders bewustzijn te genereren 
ten aanzien van hun essentiële rol in de bestrijding van epidemieën. Hoe beter de relatie tussen 
GGD en artsen, laboratoria en instellingen, hoe sneller en vaker een signaal de GGD bereikt. 
Als het lukt om ook onder het algemeen public de centrale rol van de GGD in de infectie
ziektebestrijding te positioneren kunnen veel signalen ook via burgers aangedragen worden. 
Een belangrijke voorwaarde voor een gedegen onderzoek van een epidemie is een goede 
samenwerking met een laboratorium en een duidelijke financiële structuur voor de uitvoering 
van diagnostiek. In de praktijk blijken er drempels te bestaan voor het tijdig aanvragen 
van gefinancierde laboratorium diagnostiek. Bovendien is slechts in zeer beperkte mate 
laag-invasieve diagnostiek (bijvoorbeeld in speeksel) en moleculaire typeringsmethoden 
- om epidemiologische veronderstellingen te testen - beschikbaar door de GGD. 

De dynamiek van infectieziekten verandert voortdurend en net met onderzoek van 
epidemieën kunnen nieuwe bronnen, nieuwe transmissie routes en nieuwe ziektepatronen 
boven water komen. Gedegen onderzoek van epidemieën kan dus ziekte voorkomen in direct 
gerelateerde personen maar ook indirect doordat aangepast infectieziektebeleid een vermindering 
van incidentje tot gevolg heeft. 
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Stellingen behorende bij het proefschrift 

Outbreak Investigation and Epidemiology 
-from Practice to Science -

van Christian J.P.A. Hoebe 

1. Infectieziekte-antwoorden uit het verleden bieden geen garantie voor de 
toekomst, (dit proefschrift) 

2. Goede evaluatie van epidemieën schraagt het infectieziektebeleid. 
(dit proefschrift) 

3. Onderzoek naar laag-invasieve microbiologische diagnostiek moet hogere 
prioriteit krijgen, (dit proefschrift) 

4. Meningokokkenepidemieën zijn al voorbij op het moment dat ze ontdekt 
worden, (dit proefschrift) 

5. Legionella in opgewarmd koud water is een belangrijke besmettingsbron voor 
veteranenziekte. (dit proefschrift) 

6. De GGD-arts moet kunnen diagnosticeren en behandelen bij de bestrijding 
van epidemieën. 

7. Laboratoria moeten infectieziekten op naam kunnen melden aan de GGD. 

8. Het gratis verstrekken van paracetamol bespaart kosten in de gezondheidszorg. 

9. Alle onverwacht overleden kinderen moeten door een forensisch arts worden 
geschouwd. 

10. Alle dingen worden met meer hartstocht nagejaagd dan genoten.[All things 
that are, are with more spirit chased than enjoyed.] William Shakespeare, 
The Merchant of Venice. 
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