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CHAPTER 1 

INTRODUCTION 



Introduction 

In this introduction, the public health problem of gastroenteritis is discussed. It is focused 
on the information required for prevention, and methods of collecting this information. 

Introduction 
Gastroenteritis is an inflammation of the gastrointestinal tract, which can be caused by a 
wide range of infectious and non-infectious causes. Gastroenteritis is defined by its clinical 
picture, characterised mainly by diarrhoea and vomiting. 
Worldwide, gastroenteritis causes substantial mortality and morbidity. An estimated 2.2 
million deaths occur annually as a result of diarrhoeal diseases (4% of total deaths), mainly 
in children under 5 years of age in Africa and Southeast Asia [1]. In industrialized 
countries the mortality due to the gastroenteritis is limited, primarily as a result of 
improved hygiene and sanitation, an improved nutritional status of the population, and 
adequate and timely treatment. In these countries, most gastroenteritis episodes are 
relatively mild and self-limiting, but due to the high incidence, the morbidity remains high 
[2]. Apart from direct illness resulting from gastrointestinal infections, several 
complications can occur, such as dehydration as a result of diarrhoea and vomiting, 
Haemolytic Uraemic Syndrome (HUS) after an E. coli 0157-infection. Guillain-Barré 
syndrome following Campylobacter infection, and reactive arthritis following several 
bacterial infections [3]. 

In developed countries, one of the main concerns of gastroenteritis is the economical 
burden [4], Costs are generated not only by patients seeking medical care, but also by 
persons missing work due to their illness, or persons missing work caring for an ill person. 
Although the costs per ill patient are limited, the total costs are substantial due to the high 
number of persons affected [4.5]. 

Case definition 
Although gastroenteritis is defined by its clinical picture, there is no internationally 
accepted case definition. WHO has a case definition for diarrhoea (three or more loose 
stools in 24 hours), but this does not include syndromes characterised mainly by vomiting. 
Syndromes that overlap largely with gastroenteritis and are often considered synonyms are 
infectious diarrhoea, diarrhoeal disease, and infectious intestinal disease. Foodborne 
infections are often falsely considered a synonym for gastroenteritis. Several pathogens 
causing gastroenteritis do not (solely) transmit through food (e.g. rotavirus), and several 
foodborne pathogens do not cause gastroenteritis (e.g. Listeria, Hepatitis A-virus). 
Based on the clinical picture alone, it is not possible to distinguish infectious from non
infectious causes. Although we are aware that non-infectious gastroenteritis cases can be 
included in the studies presented in this thesis, we focus on the infectious causes only. 
A community-based study in 1991 showed that the incidence of gastroenteritis increased 
fourfold when widening the case definition [6], Therefore, the lack of an internationally 
accepted case definition makes comparisons between countries very difficult, and 
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comparisons are only possible when the case definitions used are clearly presented and 
differences are taken into account. 

Microbiological etiology of gastroenteritis 

The infectious causes of gastroenteritis include a wide range of bacteria, viruses and 

parasites. Because different pathogens have different transmission routes, the possibilities 

for prevention are different for each pathogen. Therefore, to design efficient prevention 

policies, information on the relative importance of the pathogens is needed along with 

information about the relative importance of different modes of transmission for the 

various pathogens. 

In previous studies on gastroenteritis, only in a minority of cases, an infectious organism 

could be detected [7-12]. Also, in cases where a pathogen was detected, it was not certain 

if this pathogen was the cause of the symptoms, because only limited information is 

available about the prevalence of these pathogens in healthy individuals. The absence of a 

detectable pathogen can have several causes. The cause might be non-infectious, the cause 

can be a known pathogen which is not detected, due to the moment of sampling, the 

sensitivity of the detection method, or the condition of the sample, or the symptoms might 

be related to an infection with a unknown pathogen of which the association with 

gastroenteritis is not established yet. In recent years, several pathogens have been added to 

the list of causes of gastroenteritis, such as Cyclospora and torovirus [13,14]. 

Distinguishing different infections based on the clinical picture will never be entirely 

possible, however, clinical symptoms can be indicative for the infectious organisms. 

So far, pathogens known to be associated with gastroenteritis include Salmonella, 

Campylobacter, Yersinia, Shigella, pathogenic E. coli. Bacillus cereus, Staphylococcus 

aureus, Clostridium perfringens, rotavirus, adenovirus type 40/41, astrovirus, Norwalk-like 

viruses, Sapporo-like viruses, torovirus, Giardia lamblia. Entamoeba histolytica, 

Cryptosporidium, Cyclospora. Several other pathogens, such as Dientamoeba fragilis, 

have been associated with gastroenteritis, but their ability to cause gastroenteritis has not 

been proven yet. For most of these pathogens, the incidence in the Dutch population nor in 

most other populations is unknown. 

Transmission 

The main transmission routes for pathogens causing gastroenteritis are foodborne, 

waterbome, direct feco-oral transmission, and transmission through contact with animals 

or animal products. Clarifying the relative importance of each of these transmission routes 

for specific pathogens will focus preventive activities and make estimates of their effect 

possible. 

Gastroenteritis can occur in individual persons and in related cases involved in outbreaks. 

Some settings and some pathogens are more prone to induce outbreaks than others. Point 

source outbreaks and outbreaks spreading from person-to-person both occur. 
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Pathogens that are less vulnerable to environmental influences, that need low infectious 
doses to cause illness, that have a high case-infection ratio, and for which the majority of 
the population is vulnerable, such as Norwalk-like viruses, are likely to cause outbreaks 
(epidemic gastroenteritis), whereas pathogens like Campylobacter, that need specific 
environmental circumstances to survive, hardly ever cause outbreaks and are mainly seen 
as separate cases, also called endemic gastroenteritis. Because, we can never be sure that 
an individual patient is not related to other cases, the terms individual and sporadic cases 
are avoided. 

Developments influencing the incidence of gastroenteritis 
Changes in human demographics and behaviour, changes in the food production system 
and changes in internal travel and trade are likely to have an effect on the incidence of 
gastroenteritis worldwide and in The Netherlands. 
Changes in demographics include an increase in households where both adults are 
working, resulting in higher day-care centre attendance, more eating-out and a higher 
consumption of ready-to-eat meals [15]. Day-care centres are high-risk settings because of 
the lack of toilet training of many of the children attending and because of grouping of 
children lacking immunity [16-19]. The number of children attending whole-day day-care 
centres has increased fivefold from 1989 to 1998 in the Netherlands [20]. Another 
demographic change is the ageing of the population, resulting in a large group of relatively-
vulnerable elderly [21.22]. The percentage of the population older than 80 years has 
increased almost 5 fold in the last century and is expected to increase more in the next 
decades [20]. In addition, an increasing percentage of the population is living in homes for 
the elderly, where again transmission of infections is high, due to crowding, and shared 
toilet facilities. 

Recently the awareness has grown that the intensivation and scale enlargement of the 
Dutch stock and cattle breeding has passed its limits, with regard to treatment of the 
animals, the environment, public health risks, and control. Therefore, a commission set up 
by the Dutch government has formulated a plan to redesign this sector in a less intensive 
one. on a smaller scale, focusing on durability [23]. Because cattle and poultry are a major 
source of infections with zoonotic gastrointestinal pathogens, changes in this sector are 
expected to affect the incidence of infections in humans. 

In agriculture, a globalizing trend is occurring, where products grown in one country are 
consumed all over the world. This globalization of the trade in food products might result 
in infections rapidly spreading over the world and causing international outbreaks [24-26]. 
In addition, infections can rapidly spread between countries with humans as the reservoir. 
Intercontinental traffic has increased rapidly over the past decades, as have vacations to 
tropical countries [20]. Increased traffic to and from countries where several pathogens that 
cause severe disease (such Shigella dysenteriae and Vibrio cholerae) are still endemic 
poses a risk of reintroduction of these pathogens in developed countries. 
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In general, an increasing trend in the prevalence of foodborne infections is reported [27]. 

Implemented prevention activities 
Prevention can focus on eliminating the pathogen from its reservoir, on stopping 
transmission from the reservoir to humans, or on preventing illness resulting from 
infection. The characteristics of the pathogens and the feasibility of different approaches 
need to be considered before deciding which preventive actions are the most efficient. 
Several preventive activities have already been implemented in the past years. 
In 1996. a programme was initiated by the product boards for livestock, meat and eggs 
(PVE) to decrease infection with Salmonella Enteritidis in laying hens to 5%, and to 
decrease infection with Salmonella and Campylobacter in meat chicken to 10% and 15% 
respectively, in three years. The aim of the programme was to decrease the number of 
infections in humans, because poultry is considered to be the main infection source for 
Salmonella Enteritidis and Campylobacter infections in humans. The programme consisted 
mainly of improving hygiene in poultry farms, continuous monitoring of infections, 
eliminating infected poultry from the production chain, and decreasing the contamination 
in the slaughtering process [28,29]. In July 1997. the programme was fully implemented. 
The studies described in this thesis were partly initiated to evaluate the effects of these 
programmes on infections in humans. In 2001, a new programme is being prepared to 
decrease Salmonella infections in pigs. 

Since 1995, all organizations that work in food preparation, conservation, transportation 
and distribution have to work according to Hazard Analysis Critical Control Points 
(HACCP) directives, or, for smaller businesses, follow a standard hygiene code. Control is 
performed by the Inspectorates for Health Protection and Veterinary Public Health. For 
private households a separate hygiene code was developed by the Netherlands Nutrition 
Centre [30]. 

For rotavirus, preventive activities worldwide are mainly focused on the development of a 
vaccine. This viral pathogen is one of the major causes of death due to dehydration in 
developing countries [31]. Also, in developed countries, rotavirus is a major cause of 
hospitalisations for dehydration in young children. Symptomatic infections occur mainly in 
young children, whereas infections in adults are usually asymptomatic due to protective 
immunity acquired at an earlier age [32]. For these reasons, a feasible and effective 
approach was the development of a vaccine. On 31 August 1998. the first rotavirus vaccine 
(RRV-TV) was licensed and introduced in the United States [33]. Due to a possible 
association of vaccination with intussusception, the vaccine was withdrawn from the 
market and several studies were initiated to investigate this association [34-37]. 
For Norwalk-like virus, a similar approach was chosen, in spite of the lack of knowledge 
concerning immunity following infection. Vaccines are currently being developed, but no 
vaccine has been licensed yet [38]. 
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Treatment and diagnostics 
The guidelines for general practitioners in The Netherlands concerning gastroenteritis 
focus mainly on evaluating the hydration situation of the patient [39]. Microbiological 
testing is recommended only for severely ill patients for whom hospitalisation might 
follow, and for patients who are at increased risk of infecting others. The first 
microbiological tests recommended are for Salmonella, Shigella, and Campylobacter. 
Testing for E.coli or viral pathogens are advised against for acute diarrhoea. Testing for 
protozoa is advised when the patients has symptoms for 10 days or more, when the patients 
has been in the (sub) tropics or when the patient has a reduced resistance. The guidelines 
advise treatment with oral rehydration solution (ORS) only for persons at increased risk of 
dehydration. For some pathogens, antimicrobial treatment is recommended: for Giardia 
lamblia, and Entamoeba histolytica. 
For several pathogens, diagnostic testing methods have improved greatly over the past 
years. For instance, for Norwalk-like viruses and Sapporo-like viruses, a Reverse 
Transcriptase-Polymerase Chain Reaction (RT-PCR) was developed which greatly 
increases the sensitivity of testing compared to the formerly used Electron Microscopy 
[40.41 J. For rotavirus, a commercial ELISA-test kit is now available that enables regional 
laboratories without a specified virological laboratory to perform these tests. More 
sensitive techniques can help decrease the diagnostic deficit. 
For many pathogens, sero- or genotyping methods are currently available, that can help 
link specific reservoirs to human infections. For instance for Salmonella, a comparison of 
serotyping data from humans and from different animals species provides insight in the 
sources of human infections with Salmonella [42]. Typing techniques are also valuable in 
detecting clusters of patients and in linking the source to the patients, which is often 
applied in outbreak investigations as an addition to epidemiological investigation. 

Required information for prevention 
To estimate the magnitude of the total problem, estimates of the incidence of 
gastroenteritis and the duration and severity of symptoms are required. In general, the 
incidence is the factor most likely to be subject to change over time and differ between 
countries, whereas the duration of symptoms and the severity will be more stable in 
industrialized countries. Therefore, information about the incidence needs to be collected 
more frequently and country-specific factors should be considered when extrapolating data 
from other countries, whereas for other estimates, information from earlier years or in 
other comparable countries can be used. 
To collect information about the incidence of the different pathogens, epidemiological 
information needs to be supplemented with microbiological information. Establishing the 
importance of different pathogens requires information about the proportion of 
gastroenteritis caused by this pathogen, and again the severity of disease following 
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infection. Furthermore, information about the relative importance of the different 
transmission routes of this pathogen is important to determine the feasibility of prevention. 

Sources of information 

Because gastroenteritis is, in general, a relatively mild disease, only a small proportion of 
patients seeks medical care and can be traced in the health care system (Figure 1 ). To be 
able to use information from patients included at some level in the health care system for 
estimates about the total burden of gastroenteritis, we first need to study the selection that 
has occurred in consulting patients compared to all cases. Because only a small proportion 
of gastroenteritis cases need a hospitalisation or treatment by a specialist, the most 
appropriate level for monitoring gastroenteritis is the general practitioner, who is also the 
gate-keeper for more advanced care in the Netherlands [43]. 

laboratory confirmed cases 

cases consulting a general practitioner 

• non-consulting cases 

Figure I. Pyramid of sources for surveillance of gastroenteritis 

Laboratory-based surveillance 

Laboratory-based surveillance uses existing information obtained for the treatment of an 
individual patient. Therefore, it provides data on a continuous basis, which enables the 
study of trends in the different pathogens. Because only an unknown selection of patients 
is covered by a laboratory surveillance system, no information about the magnitude of the 
problem can be derived from this. Only a minority of patients with gastroenteritis seeks 
medical care, and only in a minority of cases the attending physician request 
microbiological testing of which only a proportion leads to a positive result. When 
interpreting the data from laboratory-based surveillance, one has to realize that trends can 
result from actual changes in the incidence of an organism, but also from changes in 
consultation behaviour, changes in laboratory requests to confirm the diagnosis, or changes 
in the diagnostic method [43]. 

In the Netherlands, a laboratory-based surveillance system exists for the bacterial 
pathogens Salmonella. Campylobacter, Yersinia, Shigella and E. coli 0157, and a separate 

7 



Introduction 

system for rotavirus [42,44]. In the bacteriological surveillance. 16 regional public health 
laboratories report the number of samples tested and the number of positive results on a 
weekly basis to the National Institute of Public Health and the Environment (RIVM). 
Campylobacter was included from May 1996, and Yersinia was included until 1997. 
Additionally, for Salmonella and E.coli 0157 all isolates are sent to the RIVM for 
serotyping, accompanied by the age and sex of the patient. For E.coli 0157 an intensified 
surveillance system exists in which, for all positive samples, the patient is traced and 
interviewed. In addition, information from serotyping of samples from different reservoirs, 
such as farm animals and food products are available at the RIVM. For viral pathogens, a 
separate system exists in which 17 virological laboratories report the number of positive 
samples on a weekly basis. Rotavirus is the only viral pathogen included causing 
gastroenteritis. The majority of these samples are from hospitalised patients. Although this 
provides information on the total number of positive samples, no information is available 
on the subtypes of rotavirus that circulate. In addition, an electronic surveillance system is 
functional in the Netherlands, including more laboratories every year. In this system, called 
ISIS (Infectious diseases Surveillance Information System), all laboratory results are sent 
to the RIVM electronically every 24 hours. In 2001. 10 laboratories are linked to the 
RIVM database. 
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Figure!. Laboratory surveillance 1991-2000. number of positives for Campylobacter. Salmonella. Shigella 

and Yersinia, and the number of stools tested. 

For Campylobacter surveillance started in 1997, Yersinia was excluded in 1996. 

The number of stool samples tested and the number of positives remains fairly constant 
over the years, except for Salmonella that has shown a decreasing trend from 1996 
onwards (figure 2). This trend can almost entirely be attributed to a decrease in Salmonella 

Enteritidis. 
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Consulting cases 

In the Netherlands, the general practitioner (GP) provides the first line treatment and is the 

gatekeeper to more specialized care. The majority of cases with gastroenteritis seeking 

medical care consult a general practitioner, and for most cases no additional care is 
required. 

The Netherlands Institute for Health Services Research (NIVEL) maintains a network of 

sentinel general practices that participate in the continuous morbidity registration [45]. 

Gastroenteritis was included in the continuous morbidity registration in 1992 -1993 and 

from 1996 onwards. This surveillance system provides information on consultations for the 

clinical syndrome gastroenteritis, as defined by the case definition mentioned at the end of 

this chapter. No information is obtained about the causing pathogens. Additional 

information was obtained in case studies in 1992 and 1993 [12], and in a pilot study in two 

cities in the Netherlands (Amsterdam and Helmond) from 1987-1991 [11]. These studies 

estimated the incidence of gastroenteritis at 9 and 15 per 1000 person years, respectively. 

All stool samples were tested for Salmonella, Campylobacter, and Shigella which were 

detected in 5%, 14%, and 2%, respectively (Amsterdam Helmond 1987-1991) and 4%. 

15%, and 1%, respectively (national study 1992-1993). In addition, samples from 1991 in 

the study in Amsterdam and Helmond were tested for rotavirus group A and adenovirus 

type 40/41, which were detected in 6% and 2%, respectively. In both these studies, a 

pathogen could be detected in less than one third of cases. No information about controls 

was obtained, so no comparisons could be made between cases and healthy persons. 

Non-consulting cases of gastroenteritis 

A community-based cohort study is the most appropriate method to obtain information on 

the incidence of gastroenteritis in the community. Even though gastroenteritis is in the top 

ten of diseases with the highest incidence in the Netherlands [46], a large cohort has to be 

included to obtain a sufficient number of cases. Therefore these studies are very expensive 

and time-consuming. 

In May, June and July of 1991, a population-based study on gastroenteritis was performed 

in four municipal health service regions of The Netherlands [6,7]. Based on this study, the 

incidence of gastroenteritis was estimated at 45 per 100 person years. The incidence 

decreased with age from 95 per 100 in the age group of 0-4 years to 30 per 100 in the age 

group of 60 years and older. Salmonella was detected in 1.5% of cases, Campylobacter in 

4.6%. In total, in 94% of cases no etiological agent could be detected. Also, the seasonal 

trends in pathogens causing gastroenteritis make the interpretation of data covering only 

three months of the year very difficult. Furthermore, non-response was large and selective 

in this study. In total, 20% of the cases consulted a general practitioner, half of which by 

telephone. A comparison of the results of this study with the results of studies performed in 

general practices, shows that this study estimates a 5-fold higher incidence of consulting 

cases than the studies in general practice. Since both studies were not performed in the 
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same region, nor in the same period, no hypotheses about the discrepancy in incidences can 
be tested. Although this study did produce the first estimate of the incidence of 
gastroenteritis in the Dutch community, crucial information about many pathogens was 
still lacking [7]. 

Hospital discharge diagnosis, mortality registration, statutory notifications 
Hospital discharge diagnoses are recorded by the SIG/Prismant for all hospitals in the 
Netherlands, based on ICD-codes. The codes 001-009 and 558 all include gastroenteritis 
cases, but are not restricted to gastroenteritis. In some of these codes the microbiological 
agent is included, however, most cases by far. are recorded as caused by unknown non
infectious agents (60%) and non-specified infectious agents (10%). Mortality registration 
has to contend with the same difficulties in coding as the discharge diagnosis. In general, 
mortality due to gastroenteritis is limited in developed countries. 

In The Netherlands, gastroenteritis is notifiable when more than two persons are thought 
to have been infected by the same source, or when the affected person is working in the 
food production or distribution, or as a caretaker for others (Figure 3) 

ro u 

2000 « 
•D 

0 
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 

notifications (left axis) discharge diagnosis (right axis) 

Figure 3. Number of statutory notifications and hospital discharge diagnosis coded as 001-009 and 558. 

from 1991-2000. 

The trends that can be observed in the notifications are most likely due to a change in 
notification behaviour instead of an actual trend in incidence [47]. The number of 
discharge diagnosis that include gastroenteritis has remained fairly constant over the years 
(figure 4). A decrease was observed in the number of hospitalisations for (para)typhoid 
fever, for diseases due to Salmonella, and for diseases due to protozoa and amoeba. 
However, the less specified ICD-code (of gastroenteritis due to unidentified infectious 
causes) shows an increase of similar size. Because not much is known about the attitudes 
of physicians in the coding, we cannot conclude whether Salmonella infections have 
actually decreased or whether they are more often coded under the less detailed code of 
infectious gastroenteritis. 

10 
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Outbreaks 

A different source of detecting gastroenteritis cases is by studying cases in outbreaks. The 

Inspectorate for Health Protection and Veterinary Public Health and the Municipal Health 

Services in the Netherlands are responsible for investigating reported outbreaks. 

Consumers with symptoms of gastroenteritis that suspect that these symptoms might have 

been caused by the consumption of food can report this to the Inspectorate for Health 

Protection and Veterinary Public Health, that investigates these reports, focusing on the 

(preparation of the) food. Annually, an overview of these outbreaks is composed by the 

RIVM. 
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Figure 4. Number of incidents and persons involved in outbreak investigated by regional Inspectorate for 
Health Protection and Veterinary Services, from 1991-2000. 

The initial increase in investigated incidents can be attributed to an increasing number of 

inspectorates participating in the registration. In 1998, a large reorganization from 13 to 5 

regional Inspectorates has caused a temporary decrease in the number of incidents reported 

and investigated. (Figure 4) [47-51]. In 1995 an increase in the number of persons 

involved was seen. 

Outbreaks of gastroenteritis are also reported to Municipal Health Services (MHS), from 

different sources such as day-care centres, homes for the elderly, or general practitioners 

who notice a link between different cases. The MHS investigates these outbreaks. There is 

partial overlap between the outbreaks these two services investigate. 

A separate surveillance-project by the National Institute of Public Health and the 

Environment (RIVM) was initiated in 1995, focusing on NLV in outbreaks with suspected 

viral gastroenteritis [52,53]. Stool samples of outbreaks investigated by the Municipal 

Health Services were sent to the RIVM for NLV-testing. In the winter of 1995/1996 an 

increase was observed in the number of outbreaks caused by NLV, which could mainly be 

attributed to one new epidemic strain of NLV [41]. This could also have influenced the 

increase of the number of persons involved as observed in the outbreaks investigated by 

the Inspectorates for Health Protection and Veterinary Services. 

11 
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Information about gastroenteritis from other countries 
Although this thesis focuses on gastroenteritis in the Netherlands, information from other 
countries can (partly) be extrapolated to the Netherlands. The total incidence and the 
relative contribution of different pathogens can differ between countries, for instance, due 
to differences in the food patterns, day-care centre attendance, and water purification 
[54,55]. However, the age distribution and the clinical pictures are likely to be similar in all 
industrialized countries. Also, incidence data from other countries can be used as 
references for the incidence estimated for The Netherlands. Furthermore, due to the 
increasing globalization, the developments in one country influence and are influenced by 
developments in other countries [56]. 

A pilot-study in England (Oct 1991-May 1992) estimated the incidence of infectious 
intestinal disease (loose stools or significant vomiting) in the community at 10 per 100 
person years, and in general practice at 2 per 100 person years [10]. A study in Wales (Jan-
Mar and Aug-Oct 1992) estimated a higher incidence in the community (48 per 100 person 
years) and a comparable incidence in general practice (2 per 100 person years), when using 
a case-definition of three or more loose stools in 24 hours [9]. A study among households 
in the United States from 1965 to 1971 estimated the incidence of diarrhoea or vomiting at 
98 per 100 person years [57]. However, 27% of the episodes coincided with respiratory 
illnesses, and might have been caused by a respiratory pathogen. A review of the available 
literature concerning infectious intestinal disease (defined as diarrhoea or vomiting) in the 
United States in 1988 estimated the incidence in the community at 37 per 100 person years 
(88 million cases in a population of 270 million), and for consulting cases at 3 per 100 
person years [4]. The incidence estimates of gastroenteritis differ greatly between and even 
within the different countries, whereas the incidence of consulting cases is comparable. 
The different studies have used very different and, in general, very wide case-definitions, 
which probably accounts for the different community estimates. The fact that in consulting 
cases these differences have, for the greater part, disappeared probably results from the fact 
that for consulting cases the use of a case definition is less relevant, because all cases have 
severe enough illness to warrant a consultation. 

In the English study, the most frequently observed pathogens in general practice-based 
patients were diarrhoeagenic £.coli (15%), Salmonella (7%). astrovirus (4%), and 
Campylobacter (3%). Clostridium perfringens and Staphylococcus aureus were also 
detected frequently, but even more frequently in controls [10]. In the study of households 
in the US. bacterial pathogens were detected in 3.3% of cases and rotavirus in 3.8% of 
cases. Again in the majority of cases no pathogen was detected [8]. 

Lacking information 
Up-to-date information about the incidence of gastroenteritis in the Netherlands is still 
missing, as is the etiologic information for the majority of cases. Information on trends can 
be obtained through laborator)' surveillance for Salmonella, Campylobacter, Shigella, and 
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E. coli 0157, although possible changes in diagnostic practices and consultation behaviour 
should always be considered. For other pathogens, none or insufficient information is 
available from laboratory surveillance, due to the lack of a test, or the lack of expertise at 
regional level, or because testing is hardly ever requested. 

To obtain information about the magnitude of the problem, information from laboratory 
surveillance cannot be used. For Salmonella and Campylobacter data are available from 
previous studies on gastroenteritis. However, a preventive programme has been 
implemented since the most recent information was obtained, and therefore an update for 
these bacteria is required. For other pathogens, hardly any information is available for The 
Netherlands nor for other countries. 

So far, most of the information for the Netherlands is obtained by general practice-based 
studies. Therefore, cases included in these studies are a selection of all cases in the 
community and this selection must be studied before general-practice based data can be 
extrapolated to community-based estimates. Combining available data from the general 
practice-based studies and the community-based study has led to contradictory conclusions 
about the magnitude of the problem. Both studies need to be performed in the same 
populations and in an overlapping time-period, to enable studying the link between both 
studies. 

To plan effective interventions to prevent gastroenteritis due to specific pathogens, the 
transmission routes of these pathogens that are relevant in The Netherlands need to be 
known. Therefore, risk factors and risk groups need to be identified and their impact 
estimated, in order to predict the effect of a preventive measure. Transmission routes can 
be studied by studying the cases and their characteristics, and by studying the 
characteristics of the pathogen in different reservoirs and different settings. 
Although the RRV-TV rotavirus vaccine was withdrawn from the market, a new vaccine 
will probably be available in the near future. To decide whether implementation of this 
vaccine is effective, information about the epidemiology of rotavirus on different levels of 
the health care system is needed [44]. 

To compare the disease burden of a relatively mild but frequent disease like gastroenteritis 
with that of more severe but less frequent diseases, an objective measure of disease burden 
is required that includes both the number of cases and the severity of illness. An example 
of such a measure are Disability Adjusted Life Years (DALYs) or Quality-Adjusted Life-
Years (QALYs). The decision on how to spend the limited resources for public health, will 
partly be based comparisons of the number of DALYs that can be saved by a preventive 
programme. 

The required information was operationalized into the following research questions: 
1. What is the incidence of gastroenteritis in the community and in different age groups in 

The Netherlands? (Chapter 2,3,4) 
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2. What is the relative contribution of the different pathogens to gastroenteritis? (Chapter 

2,3) 

3. Are there any trends in the incidence of gastroenteritis or of specific pathogens? 

(Chapter 2.3) 

4. What disease-associated or person-associated factors are relevant to distinguish 

between different infections in gastroenteritis patients? (Chapter 4) 

5. What selection of all cases in the community do we study in a general practice-based 

study? (Chapter 5) 

6. What transmission routes are important for the specific pathogens? With a special 

focus on NLV, SLV and rotavirus. (Chapters 6.7) 

7. What is the disease burden of rotavirus-gastroenteritis? Especially focused on hospital 

admissions due to rotavirus infection. (Chapter 8) 

8. What is the disease burden of gastroenteritis estimated in a comparable measure, the 

DALY, using Campylobacter infection as an example? (Chapter 9) 

Designs of the studies 

Several studies have been conducted to collect data to answer these questions. Details of 

these studies are described in separate chapters, but a short overview of the studies is 

presented below: 

• From 1996-1999, a general practice-based study was performed in cooperation with the 

network of sentinel general practices of the Netherlands Institute for Health Services 

Research. Weekly reporting of all cases consulting for gastroenteritis in all sentinel 

practices was combined with a nested case-control study in the majority of practices. All 

cases consulting for gastroenteritis and a consulting control were invited by the general 

practitioner to complete a questionnaire and submit a stool sample. 

• Partly overlapping and in the same population of persons registered at general practices 

of the network, a prospective community-based cohort study with a nested case-control 

study, named Sensor, was conducted in 1999. Two consecutive cohorts were followed 

for six months by weekly reporting of gastroenteritis symptoms and a questionnaire was 

completed at the start of follow-up. Cases occurring in the cohort were included in a 

case-control study and a matched control was selected from the cohort. Cases and 

controls submitted four and two stool samples, respectively, with weekly intervals and 

completed a questionnaire. Cases also completed a medical diary for four weeks. 

These studies used the same case-definition, that was also used in the general practice-

based study in 1992 and 1993. which in presented in the box below. Stool samples in these 

studies were tested for a wide range of pathogens: Salmonella, Campylobacter, Yersinia, 

Shigella. Verocytotoxin-producing E.coli, Bacillus cere us. Staphylococcus aureus. 

Clostridium per-fringens, rotavirus, adenovirus, astrovirus, Norwalk-like viruses (also 

known as Small Round-Structured Viruses). Sapporo-like viruses. Giardia lamblia. 

Entamoeba histolytica. Cryptosporidium, Cyclospora, Dientamoeba fragilis and other non-
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pathogenic parasites. These studies were used to estimate the incidence of gastroenteritis in 
the community (Chapter 2) and in general practice (Chapter 3), to study the relative 
importance of the associated pathogens (Chapters 2,3,4), to study the link between cases in 
a general practice-based study and a community-based study (Chapter 5) and to study risk 
factors for pathogen-specific gastroenteritis (Chapter 6). 
• In addition, the occurrence of an outbreak of Norwalk-like virus gastroenteritis enabled 

the study of the spread of this virus and the impact of a flaw in hygiene (Chapter 7). 

• An additional study was performed in cooperation with the Dutch Paediatric 
Surveillance Unit, to estimate the incidence, clinical picture and treatment of children 
admitted with rotavirus. Monthly, a questionnaire was completed by all paediatricians 
about all children admitted with a microbiologically confirmed rotavirus. In addition, 
data from a laboratory-based surveillance system on the weekly number of rotavirus-
positive samples were combined with data from the National Disease Registry on 
children admitted for gastroenteritis, to obtain an indirect estimate of the incidence of 
hospitalisations for rotavirus. (Chapter 8) 

• Data from several epidemiological studies were combined to estimate the disease 
burden of Campylobacter associated gastroenteritis and complications, measured in 
Disability-Adjusted Life Years (DALYs) (Chapter 9) 

The results of these studies are described in this thesis, as indicated by the chapter noted 
behind every question and behind the description of the studies. When reading through this 
thesis, one should take into account that the chapters are not organized according to the 
chronological order of the studies. 

Case definition of gastroenteritis used: 
• three or more loose stool in 24 hours or 

• diarrhoea with two or more additional symptoms or 

• vomiting with two or more additional symptoms 
Additional symptoms could be: abdominal pain, abdominal cramps, nausea, fever, blood in 
the stool, mucus in the stool, diarrhoea or vomiting. 
An episode had to be preceded by a symptom-free period of two weeks. 
The community-based study also included the following criteria: 
• three or more times vomiting in 24 hours 
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Abstract 
A prospective population-based cohort study with a nested case-control study was 
conducted to estimate the incidence of gastroenteritis and the associated pathogens in the 
general Dutch population. Follow-up of two consecutive cohorts was performed by weekly 
reporting cards from December 1998 to December 1999. Cases and controls in the case-
control study supplied a questionnaire and stool samples. The standardized gastroenteritis 
incidence was 283 per 1.000 person-years. The incidence rose with increasing level of 
education and was higher for persons with a history of diarrhea and for young children. 
Bacterial pathogens accounted for 5% of cases, bacterial toxins for 9%, parasites for 6%, 
and viral pathogens for 21%. with Norwalk-like virus (NLV) as the leading pathogen in 
11% of cases. The gastroenteritis incidence was higher than that reported for England, but 
lower than for the United States. In community cases, viral pathogens are the leading cause 
of gastroenteritis, with NLV being the number one cause of illness in all age groups but 
one. In many countries, preventive measures are implemented to decrease bacterial 
infections. However, additional prevention of viral infections, especially NLV, might 
significantly decrease the number of gastroenteritis cases in the community. 

Abbreviations: NLV, Norwalk-like virus • RT-PCR, reverse transcriptase-polymerase 
chain reaction • SLV, Sapporo-like virus. 

Introduction 
Gastroenteritis is one of the most common diseases throughout the world [1.2]. In 
industrialized countries, such as the Netherlands, the associated mortality is low, but 
morbidity remains high. Most episodes of gastroenteritis are brief and do not require 
medical attention, but the social and economic burdens are substantial because of the high 
incidence. With a few exceptions [3-5], studies estimating the incidence and burden of 
disease of gastroenteritis focus on patients seen at some level of the health care system or at 
certain age groups. These patients are a minority and are a nonrandom selection of all 
patients. Little is known about health care-seeking behavior, but it is likely that the severity 
and duration of symptoms play a role. Because these factors are also related to the 
pathogen causing the symptoms, the relative importance of the various pathogens will 
differ between patients who seek medical advice and those who do not. To estimate the 
incidence and disease burden of gastroenteritis at the population level, to study the 
causative pathogens and the selection of patients consulting a general practitioner, and to 
identify transmission modes, two studies were performed. A population-based cohort study 
(Sensor) was performed in combination with a study among cases presenting to general 
practitioners [6.7]. This paper describes the population-based study estimating the 
incidence of gastroenteritis in the general population and the causative pathogens in 
different age groups. 
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Materials and methods 
Study design 

The study was designed as a prospective, population-based cohort study with a nested case-
control study. To include an entire year in the study, two consecutive cohorts of 6 months 
were included from December 14, 1998 to June 13, 1999 and from June 14 to December 
13, 1999. An age-stratified random sample was drawn from all persons registered at the 
participating sentinel general practices from the Netherlands Institute of Primary Health 
Care [8]. Of the 44 practices in the network, 27 practices participated in the first cohort and 
31 in the second. The age groups used for stratification were 0, 1-4, 5-11,12-64, and 65 
years and older. The number of invited persons was based on an expected response rate of 
35 percent and a power calculation for estimating age group-specific incidences with a 
precision of 10 percent and estimating the overall ratio of community versus consulting 
cases with a precision of 20 percent. Persons were invited by mail, and after 3 weeks, a 
reminder was sent to nonrespondents. The reply card included five questions for 
nonparticipants concerning the reason for nonparticipation, level of education, country of 
birth, and diarrhea or vomiting in the previous 2 months. All participants signed an 
informed consent. The study was approved by the Medical Ethical Committee of the 
Institute for Applied Scientific Research, TNO, Zeist, the Netherlands. 
At the start of follow-up, all participants were asked to complete a baseline questionnaire. 
During follow-up, participants sent in a card weekly, reporting the presence or absence of 
gastrointestinal symptoms in the previous week. For weeks spent abroad, no reporting of 
symptoms was requested. 

All participants were instructed at the beginning of the study to contact the study 
coordinator by telephone if they developed symptoms of diarrhea or vomiting. In addition, 
a stool sample had to be collected immediately. The study coordinator checked whether the 
case definition of gastroenteritis was met, i.e., at least three loose stools in 24 hours or 
vomiting at least three times in 24 hours or diarrhea with two or more additional symptoms 
or vomiting with two or more additional symptoms in 24 hours. The additional symptoms 
could be diarrhea, vomiting, abdominal cramps, abdominal pain, fever, nausea, blood in the 
stool, or mucus in the stool. If there was an obvious noninfectious cause, the case was 
excluded. If symptoms of diarrhea or vomiting were reported only on weekly cards, the 
participant was contacted by telephone. For each case, a control was invited from the 
cohort, matched on age, degree of urbanization, and region. Participants were invited as a 
control only once in the study period. After a case episode, a 2-week symptom-free period 
was taken into account before a participant could become a control or a case again. Cases 
and controls completed a questionnaire about risk factors and submitted stool samples 
(cases: four samples: days 0. 7, 14, and 21 after onset of disease; controls: days 0 and 7 
after inclusion as a control). Cases also completed a medical diary for 4 weeks, reporting 
daily about gastrointestinal symptoms, bed rest, absence from work or school, use of 
medication, and use of the health care system. 
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Laboratory methods 

Stool samples were sent by regular mail to the National Institute of Public Health and the 
Environment and consisted of a nonfixated sample and a sample fixated in sodium acetate, 
acetic acid, and formalin (1.6 percent) [9]. Stool samples were tested for pathogenic 
bacteria, viruses, parasites, and bacterial toxins. The presence of pathogenic bacteria was 
assayed by routine culture assays on selective media, combined with polymerase chain 
reaction for detection of the Escherichia coli virulence-associated genes. Rotavirus group 

A. adenovirus type 40/41, and astrovirus were tested by enzyme-linked immunosorbent 
assay (7). Sapporo-like virus (SLV) and Norwalk-like virus (NLV) were assayed by a 
newly developed reverse transcriptase-polymerase chain reaction (RT-PCR) [10,11]. The 
presence of parasites was studied by microscopic examination of four different 
preparations of fixated samples. A more detailed description of these methods is given 
elsewhere [7]. A random set of first samples of cases and controls were also tested for 
Bacillus cereus and other Bacillus species, for enterotoxins A. B. C. and D of 
Staphylococcus aureus, and for enterotoxin of Clostridium perfringens. The presence of 
enterotoxins of S. aureus and C. perfringens was assayed with a detection kit by reversed 
passive latex agglutination (SET-RPLAfor the detection of staphylococcal enterotoxins A, 

B. C. and D in food samples or culture filtrates and PET-RPLA for the detection of C. 
perfringens enterotoxins in fecal samples or culture filtrates; Oxoid, Basingstoke, United 
Kingdom). A sample was considered positive for enterotoxin of S. aureus if any 1:10 (or 
higher) dilution with the latex sensitized with antienterotoxin A to D showed an 
agglutination as described by the manufacturer and the corresponding dilution with control 
latex did not show an agglutination. A sample was considered positive for enterotoxin of C. 
perfringens if any 1: 10 (or higher) dilution with the latex sensitized with antienterotoxin 
showed an agglutination as described by the manufacturer, if the corresponding dilution 
with control latex did not show an agglutination, and if no inhibitive effect of a dilution 
series of the feces was shown on a known concentration of C. perfringens enterotoxin. B. 
cereus and Bacillus species were cultured on mannitol egg yolk polymixin agar according 
to International Organization for Standardization document 7932:1993. Specific colonies 
for B. cereus or Bacillus species were isolated and confirmed for B. cereus or Bacillus 
species by identification of fatty acid composition. A sample was considered positive for B. 
cereus or Bacillus species if a confirmed colony was isolated in 1: 1000 dilution. All stool 
samples were stored for future investigations at 4°C and -70°C. 

Statistical analyses 

The representativeness of participants was estimated by a comparison with nonparticipants 
and with the Dutch population if data were available [12]. The degree of urbanization was 
categorized by addresses per km2 as "very high" (>2,500). "high" (1.500-2.500). 
"moderate" (1,000-1.500). "low" (500-1,000). and "none" (<500). In the classification of 
degree of urbanization in the Netherlands Institute of Primary Health Care network, the 
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categories high, moderate, and low were grouped as "urbanized." The highest educational 
level achieved by those aged 18 years and older and by one of the parents for those aged 0-
17 years was classified as low (primary school, lower vocational or lower general 
secondary education), intermediate (intermediate vocational or intermediate general 
secondary and higher general secondary education), and high (higher vocational secondary 
education and university education). A multivariate logistic regression model was used to 
estimate the independent associations with response, Ap value of 0.05 was considered 
statistically significant. Contribution to the model was based on the likelihood ratio 
parameter. 

The total number of cases included participants in the case-control study and additional 
cases identified from weekly cards only. For the calculation of person-years at risk, weeks 
for which no weekly card was received, weeks abroad, and weeks included in a 
gastroenteritis episode or in the two symptom-free weeks afterwards were excluded. For 
extrapolation to the general population, the incidence was standardized by age, gender, and 
cohort accordingto the distribution in the Dutch population in 1999 [12]. Poisson 
regression analyses were used to estimate the independent effects of demographic variables 
on the incidence. Age, gender, and cohort were included in the final multivariate model, 
irrespective of their contribution to the fit. For other variables, ap value of 0.05 was 
considered significant, and contribution to the model was based on the deviance estimate. 
The first stool samples of cases and controls were used to study the presence of pathogens. 
Because of insufficient quantity of the first stool samples, the results for the bacterial tests 
for 88 cases and 29 controls were based on the second stool sample. Dientamoebafragilis 
was considered a potentially pathogenic parasite, but was not included in the total of 
pathogens. 

Results 
Participation and representativeness of the cohort 

In total, 11.569 persons were invited, and 4,860 persons (42percent) participated (figurel). 
Participation was highest in the age groups up to 11 years (54 percent) and decreased with 
age (28 percent for ages 65 years and older). Participation was lower in the two most 
urbanized categories (28 and 40 percent) and in the western region of the country (33 
percent). Of the 2.503 nonparticipants who supplied information on the reason for 
nonresponse. 154 persons (6 percent) responded that they never or hardly ever suffered 
from gastrointestinal symptoms. In accordance, persons who reported diarrhea in the 2 
months prior to the beginning of the study were overrepresented (13.3 vs. 9.6 percent). In 
addition, persons born outside the Netherlands were underrepresented (2.4 vs. 7.5 percent) 
as were persons with a lower educational level (32.0 vs. 40.8 percent). In general, these 
differences between participants and nonparticipants were relatively small. 
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Figure 1. Response of the cohort, the Netherlands, December 1998 to December 1999 

In comparison with the Dutch population, persons born outside the Netherlands were 
underrepresented (2 percent in the cohort and 10 percent in the Dutch population), as were 
persons with an intermediate educational level (35 vs. 54 percent). The western region of 
the country was underrepresented in the study (23 vs. 45 percent), as were areas with a 
very high and an intermediate degree of urbanization ( 10 vs. 19 percent and 13 vs. 21 
percent). 

Information was supplied for 121.682 person-weeks (2,340 person-years) of the possible 
maximum of 126,360 person-weeks (96 percent). Of these, 2,077 person-weeks (1.7 
percent) were spent abroad. Of all participants. 99 percent supplied information for 23 
weeks or more, and 76 percent supplied information for all 26 weeks. A total of 97 persons 
dropped out of the study. The most important reasons for loss to follow-up were switching 
to anonparticipating general practitioner or a change in personal situation that made 
participation no longer feasible (e.g.. hospitalization, new job). 
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Incidence 

Table 1. Incidence of gastroenteritis per 1,000 person-years by sociodemographic variables in a prospective 

population-based cohort study in the Netherlands, December 1998 to December 1999. 

cases pers crude stand* 95% ci . OR 95% ci. OR 95% ci . 
yrs inc inc univ. multi 

total 1050 2229 471 283 252,315 

cohort 
first 657 1242 529 317 283,351 1.32 1.18, 1.49 1.16 1.00, 1.30 
second 393 988 398 250 222, 278 1.00 - 1.00 -
age in yrs 
0 237 311 763 740 606, 875 1.51 1.29, 1.78 1.36 1.16, 1.60 
1-4 372 419 887 900 766, 1,034 1.76 1.52,2.04 1.58 1.36, 1.83 
5-11 224 444 504 481 389,575 1.00 1.00 _ 
12-17 49 307 160 157 95,219 0.32 0.24, 0.42 0.31 0.23,0.41 
18-64 104 420 247 234 169,298 0.49 0.40, 0.60 0.53 0.43, 0.65 
65+ 64 328 195 194 126,262 0.39 0.30,0.50 0.51 0.40, 0.66 

gender 
male 523 1071 489 210 153,267 1.07 0.96, 1.20 0.98 0.88, 1.09 
female 527 1159 455 316 250, 382 1.00 - 1.00 -
degree of urbanization 
very high 109 213 512 282 200.387 1.07 0.85, 1.35 n.i. 
high 214 490 437 285 226,361 0.91 0.75, 1.11 
intermediate 137 286 479 242 172,327 1.05 0.88, 1.26 
low 377 744 507 294 243,365 1.00 -
none 213 495 430 267 208, 342 0.90 0.74, 1.10 

region n.i. 
north 117 274 427 288 212,387 0.85 0.70, 1.05 
east 356 719 495 307 251,382 1.00 0.86, 1.16 
west 251 507 495 246 193,316 1.00 -
south 326 729 447 274 226, 336 0.90 0.77, 1.05 

level of education 
low 202 710 285 247 197,297 0.47 0.40, 0.54 0.65 0.56.0.75 
intermediate 397 772 514 300 246, 355 0.85 0.75, 0.96 0.84 0.75, 0.95 
high 432 712 607 345 268,422 1.00 - 1.00 -
country of birth 
NL 1023 2174 471 282 250,314 1.00 - n.i. 
other industr. 9 23 391 165 16,314 0.89 0.49, 1.63 
non-industr 13 27 482 504 84, 923 0.99 0.59, 1.67 

diarrhea in 2 months prior to start of study 
yes 308 273 1128 809 683, 989 3.04 2.70, 3.43 2.47 2.20,2.78 
no 696 1882 369 212 183,240 1.00 - 1.00 -
vomiting in 2 months prior to start of study 
yes 112 119 941 402 235, 569 2.13 1.78,2.55 n.i. 
no 878 2007 438 280 248,313 1.00 -
*standardized by age, gender, and cohort 

inc: incidence, pers yrs: person years, n.i. not included, OR: odds ratio, ci.: confidence interval, multi: 

multivariate, uni: univariate, NL: the Netherlands, industr: industrialized, stand: standardized 
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A total of 1.050 case episodes occurred during the follow-up period: 718 persons had one 
episode of gastroenteritis. 129 had two. 18 had three, and five had four. 
The overall incidence standardized by age, gender, and cohort was 283 per 1,000 person-
years (table 1 ). The incidence was slightly higher in the first cohort and was much higher in 
children aged 0-11 years compared with the older age groups. The peak was found in 
children aged 1-4 years. Furthermore, the incidence increased with educational level and 
was higher for persons who reported diarrhea in the 2 months prior to follow-up. The 
standardized incidence was the highest in January 1999 (figure 2). A second peak was 
observed in June 1999. 
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Figure 2. Incidence of gastroenteritis by 4-week period (crude and standardized by age, gender, and cohort), 

the Netherlands, December 1998 to December 1999. 

Case-control study 
Overall. 73 percent of eligible cases participated in the case-control component. Cases 
from the older age groups participated less than did those from the younger age groups. 
with the lowest participation in the adolescents (12-17 years). Of the invited controls, 90 

percent participated (765 of 851). 
A total of 713 cases and 684 controls submitted at least one stool sample. Of the first 
samples of cases. 68 percent were collected within 1 day after the onset of symptoms 
(maximum, 23 days alter), and 98 percent were collected within 1 week after the onset. 
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Table 2. Microbiologic findings in cases and controls in the nested case-control component, the Netherlands, 
December 1998 to December 1999. 

cases controls 
number number % stand. number number % 
positive tested positive %a positive tested positive 

Salmonella' 3 700 0.4 1 2 665 0.3 
Campylobacter0 9 700 1.3 2 4 665 0.6 
Yersinia'1 3 700 0.4 2 5 665 0.8 
Shigella 0 700 0.0 0 0 665 0.0 
VTECe 2 699 0.3 <| 1 665 0.2 
bacterial pathogens 17 699 2.4 5 12 665 1.8 

Rotavirus 52 709 7.3 4 5 672 0.7 
Adenovirus 27 709 3.8 I 4 672 0.6 
Astrovirus 14 709 2.0 1 4 668 0.6 
NLV 114 709 16.1 11 35 669 5.2 
SLV 43 687 6.3 2 11 625 1.8 
viral pathogens 232 693 33.5 21 57 624 9.1 

Giardia lamblia 35 706 5.0 4 33 673 4.9 
Entamoeba histolytica 1 706 0.1 <1 0 673 0.0 
Cryptosporidium 14 706 2.0 2 1 673 0.1 
Cyclospora 0 706 0.0 0 0 673 0.0 
pathogenic parasites 48 706 6.8 6 34 673 5.1 

Clost. perfringens toxin 7 306 2.3 3 3 307 1.0 
S. aureus toxin A-D1 17 306 5.6 5 18 307 5.9 
bacterial toxins 24 306 7.8 9 20 307 6.5 

Bacillus cereus 11 603 1.8 1 21 581 3.6 
other Bacillus 3 603 0.5 1 5 581 0.9 
Dientamoeba fragilis 102 706 14.4 20 72 673 10.7 
Blastocysts hominis 144 706 20.4 30 139 673 20.7 

pathogen6 
46.1 36 20.7 

the number in the subgroups for standardization by age, gender, and cohort were all very small, therefore 
these percentages can only be interpreted as indications and not as definite numbers. 
bS. Typhimurium phage type unknown (I case), S. Typhimurium 506 (I case), S. Braenderup (1 case), S. 
Inlands (1 control), S. Thompson (1 control) 

'Campylobacter jejuni (8 cases, 3 controls), C. species (2 cases, 1 control) 
dY enterocolitica 1A,04(1 case), 1A,06,31 (1 case, 1 control), lA,O6,30(I control), 1A,0 untypable (1 
case, 1 control), Y. bercovieri016A,58 (1 control), Y. frederiksenii, untypable (I control) 
c VTEC 05K- (1 cases), 064K- (1 case) 

6 times enterotoxin A (6 cases, 13 controls) enterotoxin B (2 cases, 2 controls) enterotoxin C (9 cases, 3 
controls) enterotoxin D (no cases, no controls) 
8 excluding Dientamoeba fragilis, Blastocystis hominis, Bacillus cereus and other Bacillus. Estimated by 
adding the percentages with only toxins as found in the subsample to the percentage with bacteria, viruses or 
parasites in the total sample. 

Overall, in 46 percent of cases (standardized, 36 percent) a pathogen was detected 
(excluding D. fragilis, Blastocystis hominis, B. cereus, and other Bacillus species) (table 2). 
Viruses were the leading cause of gastroenteritis in cases, with NLV as the predominant 
one, followed by rotavirus and SLV. Viral agents were also detected in 0.6-5.2 percent of 
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the controls. Bacteria were found in low percentages in cases, with Campylobacter as the 
most prominent one. Because young children were overrepresented, after standardization 
for age, the proportion of cases attributable to viruses was lower and that attributed to 
bacteria was higher. Bacterial agents were hardly present in controls. Analysis of only stool 
samples that were received within 4 days after the onset of symptoms had only a minor 
impact on the percentages positive for bacteria. Giardia lamblia was also a frequently 
detected pathogen in cases, but was detected in a similar percentage of controls. Bacterial 
toxins were detected in 8 percent of the cases, and in 5 percent, it was detected as the only-
cause of gastroenteritis, as well as in a substantial proportion of controls. Of the samples of 
cases that were tested for all pathogens, in 8 percent (23 of 291 samples), more than one 
pathogen was detected. In total, only 2 percent of cases reported use of antibiotics in the 
week before the onset of symptoms. 

For all age groups, NLV was the most frequent pathogen, with the exception of those aged 
18^64 years, in which S. aureus was slightly more frequent and NLV was relatively low 
(table 3). In contrast, SLV was mostly observed in the three youngest age groups, with a 
decreasing frequency for those aged less than 1 year to those aged 5-11 years. A similar 
pattern was observed for adenovirus. Rotavirus was most frequent in the children younger 
than 1 year. Surprisingly, the proportion of rotavirus in adults and the elderly was similar to 
that in those aged 1-4 years. Astrovirus was detected mainly in the youngest age groups, 
but increased for those aged 0 to 5-11 years. In the age group 1-4 years and. to a lesser 
extent, the age group 5-11 years, G lamblia was also common. Cryptosporidium was more 
restricted to the age group 1-4 years. S. aureus toxins were common in most age groups, 
with the exception of the adolescents and the elderly. C. perfringens toxin was detected 
mostly in the age groups 12 years and older, with the highest percentage in those aged 12-
17 years. The age distributions of the different pathogens in controls were similar to those 
in cases (not shown). 

A pathogen was found in about half of the age groups up to age 11 years. The lowest 
percentage was found in those aged 12-17 years. The proportion of cases with D. fragil is 
increased up to age 5-11 years and decreased in the older age groups. The age distribution 
of pathogens that were detected in fewer than six cases was not presented in table 3 
because the numbers per age group were too small to allow conclusions. 
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Table 3. Proportion of cases wit! specific pathogens in different age groups in cases of the case-control 
component, the Netherlands, December 1998 to December 1999 

)Sitive cases in the specified age class (% positiv lumber of p< 
to December 1999 

)Sitive cases in the specified age class (% positiv e) 
<1 yrs 1-4 yrs 5-11 yrs 12-17 18-64 65+ yrs all cases 

(N=197) (N=267) (N=128) yrs 
(N=19) 

yrs 
(N=57) 

(N=31) 

Campylobacter 1 (0.5) 4(1.5) 3 (2.3) 0 (0.0) 1(1.8) 0 (0.0) 9 (13) 
Rotavirus 27(13.4) 18(6.6) 2(1.6) 0 (0.0) 3(5.3) 2(6.5) 57 (7.3) 
Adenovirus 1 I (5.5) 14(5.2) 2(1.6) 0(0.0) 0 (0.0) 0 (0.0) 27 (3.8) 
Astrovirus 3(1.5) 6(2.2) 4(3.1) 0 (0.0) 1(1.8) 0 (0.0) 14(2.0) 
SLV 18(9.3) 18(6.8) 6 (4.8) 0(0.0) 0 (0.0) 1 (3.3) 43 (6.3) 
NLV 34(16.9) 51 (18.8) 18(14.0) 3(15.8) 4(7.0) 4(12.9) 114 (16.1) 
Giardia lamblia 4 (2.0) 24(8.9) 6 (4.7) 0 (0.0) 1(1.7) 0 (0.0) 35 (5.0) 
Cryptosporidium 2(1.0) 10(3.7) 1 (0.8) 0 (0.0) 1(1.7) 0 (0.0) 14 (2.0) 
S. aureus toxin A-D 4(5.6) 7(7.9) 2(3.8) 0 (0.0) 4 (8.2) 0 (0.0) 17(5.6) 
C perfrigens toxin 0(0.0) 1(1.1) 2(3.9) I (6.3) 2(4.1) 1 (3.6) 7(2.3) 

Dient, fragilis 5 (2.5) 40(14.8) 39(39.7) 5 (26.3) 10(17.2) 3 (9.4) 102 (14.4) 

all pathogens * (51.0) (51.7) (49.4) (17.7) (34.2) (26.7) (46.3) (51.0) (51.7) (49.4) (17.7) (34.2) (26.7) (46.3) 
cereus and other Bacillus species. 

Estimated by adding the percentages with only toxins as found in the subsample to the percentage with 
bacteria, viruses or parasites in the total sample 

Discussion 

Response and incidence 

This is one of the few population-based prospective studies on gastroenteritis in the world. 

A unique feature of our study was that we tested a broad panel of microorganisms by using 

recently developed techniques for some pathogens. In addition to a prospectively measured 

incidence rate, the results provide rarely available data on the relative importance of the 

various pathogens in all age groups throughout the community. This order of importance 

probably reflects the pattern in many industrialized countries and thus may be valuable for 

setting public health priorities for the control of gastroenteritis in these countries. 

The standardized overall incidence of gastroenteritis in the Netherlands was 283 per 1,000 

person-years, a lower estimate than that of 447 per 1.000 person-years found in a 

population-based study in the Netherlands in 1991 [13]. Although it may reflect an actual 

decrease over this decade, it is more likely that the incidence in 1991 was overestimated, 

since response seemed strongly influenced by gastrointestinal symptoms. A comparable 

study in England over the period 1993-1995 reported an incidence of 190 per 1,000 

person-years, which is significantly lower [14]. Our case definition was stricter than that 

used in England (loose stools or significant vomiting), and therefore, the higher incidence 

cannot be explained by the difference in case definition. Furthermore, the percentage in 

which a pathogen was detected was similar in our study (46 percent) and in the English 

study (45 percent), and therefore, the difference in incidence cannot be explained by the 

inclusion of a larger proportion of noninfectious gastroenteritis [15]. Since the 

methodologies of both studies were comparable, it is likely that the incidence in the 
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Netherlands is indeed higher than that in England. For the United States, a much higher 
estimate of 790 per 1.000 person-years was recently reported [16]. However, this rate is 
based mainly on retrospective self-reported symptoms, which are known to yield 
overestimates of the real incidence [14]. 

In our study, persons reporting diarrhea prior to the follow-up period were slightly 
overrepresented, and those with an intermediate educational level were underrepresented. 
However, the effect of these biases is very small: Correction for the educational level 
increased the incidence by 5 percent; correction for the overrepresentation of persons with 
diarrhea in the previous 2 months decreased the incidence with only 2 percent. The effect 
of the underrepresentation of persons born abroad, who tended to have a higher incidence, 
could not be estimated because no valid estimate of the incidence could be obtained for this 
small subgroup. To examine this specific group, a separate study would be needed with 
special focus on language problems and cultural barriers. The incidence might be 
underestimated because of underreporting of symptoms with increasing duration of follow-
up: the incidence was higher at the beginning of the follow-up period for both cohorts. 
However, these peaks also coincided with the winter peak and the summer peak, known 
from other sources to occur in these weeks [17.18]. In general, we believe that out-
standardized estimate of the incidence of gastroenteritis is valid. 

A higher incidence was found for persons with a higher educational level. In contrast, in 
developing countries, negative associations between educational level and incidence of 
diarrhea have been reported [ 19-21 ]. This is mostly explained by a better knowledge of the 
concepts of hygiene and access to proper sanitation for the highly educated population. 
This explanation seems to be relevant for countries where the socioeconomic differences 
are large. However, in the Netherlands, socioeconomic differences are relatively small. The 
risk for the highly educated persons in our country might be associated with a higher 
income, resulting in more money to spend on, for instance, travel, eating in restaurants, and 
high-risk exotic foods. In addition, a study in the United States showed that risk behavior 
for foodborne infections, such as consumption of raw meat, was more common among 
persons with a higher education [22]. 

Microbiologic findings and response of cases and controls 
In general, results are based on a 1-year period. For several pathogens, especially viruses, 
the seasonal peaks can differ in magnitude in different years. On the basis of laboratory 
surveillance data, the studied year did not seem to be an exceptional year. 
Viral pathogens were the most important causes of gastroenteritis in community cases, with 
the largest percentage being attributable to NLV. This supports the finding of the English 
study, although their estimate was clearly lower than ours, probably because of the use of 
less sensitive electron microscopy for detection of these viruses [10,15]. The US estimate 
of 11 percent of cases attributable to NLV presented by Mead et al. [16] was based on the 
preliminary estimate of the winter season of our study [23]. Bacterial pathogens were 
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detected only in a small proportion of cases (2 percent) (after standardization, 5 percent). In 
England, the percentages attributable to Campylobacter and Salmonella were slightly 
higher than in our study, but were also secondary to viral agents [15]. For the United 
States, the percentage attributable to bacterial agents was comparable with our estimate 
[16]. 

Among the parasites, G. lamblia was the most frequently detected (in approximately 5 
percent of the cases). However, the percentage detected in controls was similar. The 
moment of sampling might be relevant here: The excretion of G lamblia often starts 1 
week after the beginning of symptoms, and first samples were collected as soon as possible 
after onset [24]. This influence will be studied by future comparison of the percentage 
positive for G lamblia in first and second samples. G lamblia was more frequent in our 
study than in the English study. This might be due to the exclusion of cases with symptoms 
for more than 2 weeks in the English study and to the less sensitive testing method in their 
study [7]. Remarkably, Cryptosporidium was also more common in our study than in the 
English study, in spite of the frequent occurrence of outbreaks of Cryptosporidium in 
England [25-27]. 

Due to the early time of sampling in this study, bacterial toxins were detected in 8 percent 
of the cases and contributed 5 percent to decreasing the diagnostic deficit. However, S. 
aureus toxins were also detected in a similar percentage of controls. In England as well as 
in the United States, both S. aureus and C. perfringens were present in less than 1 percent 
of all cases [15,16]. 

The relative contributions of the different pathogens contrast sharply with results from 
general practitioner-based studies [6,15]. It is likely that this difference is related to the 
severity and duration of symptoms caused by the different groups of pathogens. 
To our knowledge, our study is the first to present community-based age distributions of 
SLV cases and to present community-based data on NLV (and SLV) based on molecular 
detection methods. Since the development of RT-PCR for the detection of NLV, this 
pathogen was already shown to be the major cause of outbreaks in winter months in the 
Netherlands [10]. This study showed that it is also the main pathogen in individual cases of 
all age groups. 

While NLV was observed as the most frequent pathogen in all age groups, SLV was 
mainly restricted to the youngest age groups, with a clearly decreasing trend from those 
aged 0 years to those aged 5-11 years. This is consistent with studies that show that 
antibodies are acquired early in life and immunity protects the adults [28,29]. The 
proportion of cases in which astroviruses were detected increased slightly up to age 11 
years, in contrast to several reviews that report infections mainly in very young children 
[28,30.31]. Although a seroprevalence study in the Netherlands showed that antibodies 
against astrovirus can be detected in almost all persons aged 5 years and older, the 
proportion of cases with astrovirus was relatively low in all age groups, suggesting that the 
majority of seroconversions are due to asymptomatic infection [32]. Alternatively, it is 

31 



Sensor, a population-based cohort study on gastroenteritis 

conceivable that high numbers of positives would have been detected by RT-PCR-based 
detection, as had been demonstrated in other studies [33,34]. The added value of RT-PCR 
in the detection of astroviruses will be evaluated in future experiments. 
Annually. 4.5 million episodes of gastroenteritis occur in the Netherlands. For children 
under age 5 years, more than half have at least one episode each year. The incidence in the 
Netherlands is approximately 1.5 times as high as in England and approximately one 
quarter of the less precise estimate for the United States. Viral agents are the leading cause 
of illness, with NLV as the number one pathogen in almost all age groups. Clear 
differences in the relative importance of the various pathogens were observed between this 
community-based study and the general practice-based studies. In many countries, 
preventive measures are implemented to decrease bacterial infections. This study shows 
that prevention of viral infections, especially NLV, might significantly decrease the number 
of gastroenteritis cases in the community. However, to effectively determine intervention 
strategies, more information is needed on the relevant routes of transmission of NLV. 
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Abstract 
From 1996 to 1999, the incidence of gastroenteritis in general practices and the role of a 
broad range of pathogens in the Netherlands were studied. All patients with gastroenteritis 
who had visited a general practitioner were reported. All patients who had visited a general 
practitioner for gastroenteritis (cases) and an equal number of patients visiting for 
nongastrointestinal symptoms (controls) were invited to participate in a case-control study. 
The incidence of gastroenteritis was 79.7 per 10,000 person years. Campylobacter was 
detected most frequently (10% of cases), followed by Giardia lamblia (5%), rotavirus 
(5%), Norwalk-like viruses (5%) and Salmonella (4%). Our study found that in the 
Netherlands (population 15.6 million), an estimated 128.000 persons each year consult 
their general practitioner for gastroenteritis, slightly less than in a comparable study in 
1992 to 1993. A pathogen could be detected in almost 40% of patients (bacteria 16%. 
viruses 15%, parasites 8%). 

Introduction 
In industrialized countries, gastroenteritis incidence remains high, although improved 
hygiene and treatment have decreased deaths substancially [1,2]. Up-to-date estimates of 
the incidence, disease burden (absence from work or school, bed rest, and use of 
medication), microbiologic causes, transmission routes, and pathogen sources are 
necessary to control gastroenteritis effectively and evaluate preventive measures. While 
numerous studies have addressed the incidence of specific pathogens in selected 
populations, little is known about the overall incidence and relative contribution of the 
broad range of pathogens that cause gastroenteritis. In the Netherlands, data on the 
incidence of gastroenteritis are available from studies in the early 1990s in the general 
population and in general practices and from continuous laboratory-based surveillance 
[3,4]. The incidence in the general population was estimated to be 450 per 1.000 person 
years in 1991 [5.6]. Patients were tested for Salmonella and Campylobacter spp.. which 
were detected in 1.5% and 4.6%, respectively. Of these patients. 10% reported visiting 
their general practitioner (GP), and an additional 10% reported phoning their GP. The 
incidence of gastroenteritis for which a GP was consulted was estimated to be 15 per 1.000 
person years in two regions from 1987 to 1991 [7] and 9 per 1,000 person years in 1992-

1993 [8], In these two studies, stool samples were tested for bacterial pathogens: a small 
subset of these were tested for rotavirus and adenovirus. In most patients (67% in 1987 to 
1991. 80% in 1992 to 1993), no pathogen could be detected. 
In the years following these studies, new pathogens have been identified, such as 
Cyclospora, and diagnostic methods have been designed for others (Norwalk-like viruses, 
astrovirus). In addition, to meet the European regulations on protection against zoonotic 
agents, preventive measures in the veterinary sector have been implemented to decrease 
Salmonella infections in poultry [9-11]. Therefore, in 1996, a new study was started among 
patients consulting a GP. The aims were to estimate the current incidence, study the role of 
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several pathogens, and identify risk factors for microorganism-specific gastroenteritis. 

Unique to this study, controls were included and stool samples were tested for a broad 

panel of pathogens. The same network of GPs was used as in the 1992-1993 study, 

allowing a comparative analysis. 

Materials and Methods 

The study was performed in cooperation with the network of GPs from the Continuous 

Morbidity Registration of the Netherlands Institute of Primary Health Care. The network 

consists of approximately 44 practices that cover 1% of the Dutch population and are 

representative of it regarding age, gender, regional distribution, and degree of urbanization. 

All practices reported the number of consultations for gastroenteritis by age group, gender, 

practice, and week of consultation (reporting study). 

Approximately 34 of the practices (33 in 1996; 35 in 1997; 36 in 1998; and 34 in 1999) 

participated in the case-control study. Patients who consulted a participating GP were 

asked to complete a questionnaire and submit a stool sample. For each case, a control was 

recruited on the same day from patients who consulted their GP for nongastrointestinal 

complaints. Controls were matched by age group (0-11 years. 12 years and older). Thirty-

one GPs registered the number of the study package (containing a questionnaire and a stool 

kit), which was handed out to a participant, on a registration form with age and gender. 

Participants collected the stool samples and completed the questionnaire at home, and then 

sent the samples and questionnaires directly to the National Institute of Public Health and 

the Environment. The questionnaire addressed health status, demographic characteristics, 

disease burden, clinical manifestations, and risk factors. Stool samples were tested for 

Salmonella, Campylobacter, Shigella, and Yersinia by routine culture; for verocytotoxin-

producing Escherichia coli by polymerase chain reaction for genes for verocytotoxin 1 and 

verocytotoxin 2 and eae gene; E. coli 0157 by culture on Sorbitol McConkey Agar 

[12,13]; rotavirus and adenovirus by enzyme-linked immunoassay (ELISA) (Rotaclone and 

Adenoclone from Meridian Diagnostics, Cincinnati, OH); astrovirus by ELISA (IDEIA 

from DAKO Diagnostics, Cambridgeshire, UK); Norwalk-like viruses by reverse 

transcriptase-polymerase chain reaction [14]; intestinal parasites by microscopy after 

fixation in sodium acetate, acetic acid, and formalin; helminthic ova, cysts, and trofozoites 

by wet film (iodine stained or unstained); for cysts by Ridley concentration (iodine 

stained); for cysts of Cryptosporidium, Cyclospora, and Isospora belli, by Ridley 

concentration (Ziehl Nielsen staining); for trofozoites of protozoa and, to a lesser extent, 

for cysts, by permanent stained smear (Haemaluin staining) [15-20]. Samples from May 

1998 until April 1999 were also tested retrospectively for Sapporo-like viruses [21]. All 

stool samples were stored for future investigations. Standardized protocols were used. 

The case definition of gastroenteritis used in this study was three or more loose stools in 24 

hours; or diarrhea with two additional gastrointestinal symptoms (vomiting, nausea, fever, 

abdominal cramps, abdominal pain, blood in stool, mucus in stool); or vomiting with two 
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additional gastrointestinal symptoms (diarrhea, nausea, fever, abdominal cramps, 
abdominal pain, blood in stool, mucus in stool) preceded by a symptom-free period of 2 
weeks. 

Statistical analyses 

Crude incidence was calculated from the reporting study, corrected for incomplete years. 
Corrections for incompleteness of participation of GPs and cases and for list inflation 
(persons no longer belonging to the practice population) were used to calculate an adjusted 
incidence. List inflation was calculated, on the basis of findings in an ongoing, population-
based study, performed in the same general practices [22]. 

The response rate in cases and controls was estimated by using the registration forms. 
Reported cases and cases in the case-control study were compared by week, practice, age 
group, and gender to estimate the number of cases in both and each study part. The total 
cases reported, recruited for the case-control study, or both were used to estimate an 
incidence corrected for nonresponse. A logistic regression model was used to identify 
factors independently associated with total response. A variable was excluded if exclusion 
did not significantly decrease the log likelihood of the model. Because information on the 
response of recruited cases was too limited to study effects of patients and practice 
characteristics, only the total of known cases to participating cases was studied in this 
model. 

The effects on incidence of age and gender of the patient, year of study, degree of 
urbanization, region of the Netherlands, and participation of the sentinel practice in the 
case-control study were estimated univariately; independent effects were estimated by 
using Poisson regression. A variable was excluded from the model if exclusion did not 
increase the deviance significantly. Cases that did not meet the case definition and controls 
that did, according to self-reported symptoms in the questionnaire, were excluded from 
analyses. 

Results 

The overall incidence of gastroenteritis from May 1996 to April 1999 was 58.0 per 10.000 
person years (2,264 cases/390,417 person years) based on the unadjusted number of 
reported patientes of all sentinel practices. A high seasonal peak was observed in the 
winter of 1996 (maximum in week 9), and lower peaks in 1998 and 1999 (Figure 1). 
Summer peaks occurred in all years of the study but varied in period and size. 
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180 -

4-week-period 

Figure I. Incidence of gastroenteritis per 10,000 person years, from reporting of all sentinel practices, the 
Netherlands, January 1996 to April 1999. 

The univariate and multivariate analyses of incidence yielded similar results (Table 1). In 
the first year of the study (May 1996-April 1997). incidence was lower than in the second 
(May 1997-April 1998) and third years (May 1998-April 1999). A higher incidence was 
observed in practices that participated in the case-control study, practices in rural and 
urban areas (compared to those with intermediate degree of urbanization), and practices in 
the East, West, and South. The incidence was slightly higher for women than for men and 
decreased from the youngest age group to the 15- to 24-year age group. The 40- to 64-
year-old patients had the lowest incidence. The rate ratios for the different age groups were 
similar for men and women. 

The response of patients was 78% (695 questionnaires completed out of 888 cases 
registered on registration forms). A total of 2,553 cases were reported, recruited for the 
case-control study, or both. Of these. 1,138 (45%) patients were recruited, 888 (35%) 
participated in the case-control study, and 2,165 (85%) were reported. The incidence 
corrected for incomplete participation of patients and GPs was 77.7 per 10,000 person 
years (2,553 cases/328,438 person years), according to data from GPs participating in the 
case-control study. The estimated list inflation was 2.5%. Adjusting the denominator for 
list inflation yielded a final incidence of 79.7 per 10,000 person years (2,553 cases/320,227 
person years). 
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Table I. Univariate and multivariate Poisson regr ession analyses of the incidence per 10,000 person years. 

incidence crude Univariate Poisson Multivariate Poisson 
per 10.000 person -years incidence regression regression 

RR 95%-ci RR 95%-ci 
study year 
May 96-Apr 97 52.4 1.00 - 1.00 -
May 97- Apr 98 62.4 1.19 1.08-1.32 1.19 1.08-1.32 
May 98-Apr 99 65.6 1.25 1.13-1.38 1.23 1.1 1-1.36 

participation case 
yes 

-control study 
65.8 2.51 2.13-2.97 2.71 2.28-3.22 

no 26.2 1.00 - 1.00 -
urbanization 
rural 57.0 1.04 0.92-1.17 1.18 1.04-1.34 
urbanized 55.5 1.00 - 1.00 -
urban 88.9 1.62 1.47-1.79 1.25 1.1 1-1.41 

region 
north 28.7 0.39 0.34-0.45 0.35 0.29-0.40 
east 71.3 0.97 0.88-1.07 0.93 0.83-1.05 
west 76.0 1.00 - 1.00 -
south 55.5 0.75 0.68-0.84 0.78 0.69-0.88 

gender 
male 56.8 1.00 1.00 
female 63.4 1.12 1.03-1.21 1.12 1.04-1.22 

age in years 
0 360.4 5.53 4.49-6.82 5.54 4.50-6.83 
1-4 221.5 3.40 2.94-3.94 3.36 2.90-3.89 
5-14 65.1 1.00 - 1.00 -
15-24 51.7 0.79 0.67-0.94 0.79 0.67-0.93 
25-39 55.9 0.86 0.75-0.98 0.84 0.73-0.97 
40-64 36.5 0.56 0.48-0.65 0.56 0.48-0.65 

>65 47.7 0.73 0.62-0.87 0.72 0.61-0.85 

ci: confidence interval. RR: relative risk 

The percentage of patients recruited by the GPs decreased during the study and was higher 
in the North and South (Table 2). The highest participation rate was for patients 25-64 
years of age, mainly because a higher proportion were recruited. Participation was 
relatively low for 15- to 24-year-old patients. 

The response of controls who were recruited was 73% (554 questionnaires completed out 
of 765 study packages registered). The lowest response rates for controls (42%) were 
found in the 10- to 19-year-old age group. The response for female controls was slightly 
higher than for male controls (78% versus 68%). Participation was highest for controls 
recruited in 1996 (82%) and lowest in 1999 (63%). 
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Table 2. Multivariate logistic regression analyses of the selection of participating cases from all cases that 

were reported or participated in the case-control study, the Netherlands. 

recruited % % % total OR for 95%-ci 
and/or recruited participation response response 

enumerated byGP of cases 
Gender n.i. 
male 1178 45 79 35 
female 1370 44 78 35 

Age in years 
0 123 34 76 26 0.84 0.51-1.37 
1-4 452 40 76 31 0.89 0.63-1.25 
5-14 342 36 82 30 0.85 0.59-1.21 
15-24 265 51 65 33 1.00 -
25-39 621 51 76 39 1.30 0.95-1.78 
40-64 487 50 85 42 1.50 1.08-2.07 
>65 254 35 92 32 0.89 0.61-1.30 

Urbanization n.i. 
rural 305 34 94 32 
urbanized 1654 46 79 37 
urban 582 45 72 32 

Region 
north 281 60 83 49 2.16 1.63-2.87 
east 586 33 84 28 0.86 0.68-1.08 
west 1034 41 73 30 1.00 -
south 642 53 81 43 1.69 1.36-2.08 

Year of study 
May96-Apr97 804 59 80 47 1.00 
May97-Apr98 841 40 81 32 0.50 0.43-0.65 
May98-Apr99 889 34 77 26 0.40 0.33-0.50 

Total 2553 45 78 35 - -
n.i.: not included in the logistic regression model, ci: confidence interval 

OR: odds ratio for participation (defined as a case-questionnaire received) 

Case control study 
Population of participating practices 
The distribution of age, gender, and degree of urbanization in the study population was 
similar to that of the Dutch population. The North was overrepresented (20% in 
participating practices, 10% in Dutch population); the West was underrepresented (32% in 
practices vs. 44% in the population). 

Cases and Controls 
From May 1996 until April 1999, 985 cases and 717 controls returned a questionnaire to 
the National Institute of Public Health and the Environment. Of these, 878 cases and 581 
controls could be included in the analyses. Stool samples were examined from 857 (98%) 
patients and 574 (99%) controls. The median age of patients (29 years) was significantly 
lower than that of controls (37 years). Gastrointestinal complaints of longer than 1 month 

41 



Gastroenteritis in sentinel general practices 

were more frequent in patients (31.5%) than in controls (7.3%). The percentage of patients 
( 18%) under treatment of a specialist was similar to that of controls, as was the number of 
GP consultations in the last 3 months (1 consultation). Patients were slightly more often 
born outside the Netherlands than controls, and the educational level of patients was higher 
than that of controls (both not statistically significantly). 

Clinical Symptoms of Patients 
Almost all patients reported loose stools (Table 3). Other commonly reported symptoms 
were frequent stools, abdominal pain, abdominal cramps, and nausea. Only 12 (1.4%) 
patients reported vomiting and no diarrhea. In cases with a higher frequency of stools than 
normal, the median of the maximum frequency was 6 times in 24 hours (first quartile-thtrd 
quartile: 4-8 times in 24 hours). 

The median duration of symptoms before a GP was consulted was 6 days (first quartile to 

third quartile: 3-20 days); 20% of patients had been symptomatic for more than 4 weeks 

before consulting a GP. 
Bedrest was required for 47% of patients for a median of 2 days (mean 3.1 days); 41% of 
the children who regularly visited a day-care center had to stay home for a median of 3 
days (mean 3.2 days), 58% of schoolchildren were absent from school for a median 
duration of 3 days (mean 3.8 days), and 60% of working patients were absent from work 
for a median duration of 2 days (mean 3.1 days). In 8% of cases, someone had to miss 
school or work for a median of 1.5 days (average 2.0 days) to care for the patient; 56% of 
patients used medication for gastroenteritis: 4% used antibiotics. 18% analgesics. 27% 
antidiarrheic medication. 10% oral rehydration solution, and 21% additional medications. 

Table 3. Self-reported symptoms of patients, the Netherlands case-control study 

number of cases % of cases 

(N= =878) 

loose stools 861 98.1 

frequent stools a 

abdominal cramps 
387 
679 

78.2 
77.3 

abdominal pain 
nausea 
vomiting 
fever 
mucus in stool 

673 
536 
359 
335 
304 

76.7 
61.0 
40.9 
38.2 
34.6 

blood in stool 97 11.0 

Symptoms and diagnoses of controles 
A small proportion of controls (6.7%) reported consulting a GP for gastrointestinal 

symptoms when they were recruited for the study but did not meet the case definition; 14% 

consulted for other reasons (e.g.. to pick up a prescription, routine physical examination, 

accompanying a relative); most controls gave no information (43%) or had consultations 

for other symptoms (36%). 
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Pathogens 
The most frequently detected pathogens in cases were Campylobacter. Giardia lamblia, 
rotavirus, Norwalk-like viruses, and Salmonella (Table 4). Bacterial pathogens were found 
almost solely in cases, except for Yersinia and verocytotoxin-producing E. coli. All 
isolated Yersinia spp. were nonpathogenic serotypes. The verocytotoxin-producing E. coli 
serotypes found in controls were different from those found in patients but included 
pathogenic types, such as 026. E. coli 0157 K-H- was isolated from one case. The 
percentages of Campylobacter, Salmonella, and Salmonella Enteritidis did not differ 
significantly over the study years. Viral pathogens were found in 1% to 5% of patients and 
in a small percentage of controls. The possibly nonpathogenic parasite Dientamoeba 
fragilis, and the nonpathogenic parasite Blasiocystis hominis were common and were 
found more frequently in controls than in patients. 

In 37.5% of patients and 9.8% of controls, a pathogen could be detected (excluding 
possibly nonpathogenic microorganisms, Table 4). From May 1998 until May 1999, these 
percentages were increased by Sapporo-like viruses with 1.7% in patients and 0.6% in 
controls. When D. fragilis was considered a pathogen, these percentages were 44.1% and 
22.9%, respectively. The percentage in which a pathogen was found was similar for the 50 
controls who reported gastrointestinal symptoms (but did not meet the case definition) and 
controls without gastrointestinal symptoms. 

Most stool samples of patients were received at the National Institute within 1 day of 
collection (57%), 21% after 2 days, 9% after 3 days, 7% after 4 days, 3% after 5 days, and 
2% after >6 days. No significant differences were noted in the percentage of samples in 
which a pathogen was detected for different postal delays. For Campylobacter, however, a 
decreasing trend in the proportion of positive cases was observed with an increasing postal 
delay: 1 day: 12% positive. 2 days: 10%, 3 days: 9%, 4 days: 6%, 5 days 5%, 6 days or 
more: no Campylobacter. 
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Table 4. Microorganisms delected in patients and controls 

Salmonella spp. 
S. Enteritidis 
S. Typhimurium 
other Salmonellose " 

Campylobacter spp. 
C. jejuni 
Ccoli 
C. species 

Yersinia spp. 
Y. enterocolitica 
Y. frederiksenii ' 

Shigella spp. 
Shigella flexneri 

V T E C d 

Rotavirus 
Adenovirus 
Astrovirus 
Norwalk like viruses (NLV) 
Sapporo-like viruses (SLV)e 

Giardia lamblia 
Entamoeba histolytica/dispar 
Cryptosporidium 
Cyclospora 

(possibly) non-pathogenic micro-organisms 
Dientamoeba fragilis 
Blastocystis hominis 
Endolimax nana 
Enteromonas hominis 
Chilomastix mesnili 
Entamoeba hartmanni 
Enterobius vermicularis 
lodamoeba butschlii 

Patients 
(N=857) 

Controls 
(N=574) 

33 3.9 
12 1.4 
II 1.3 
9 1.1 

89 10.5 

77 9.0 
7 0.8 
5 0.6 

6 0.7 
5 0.6 
/ 0.1 

1 0.1 
/ 0.1 

0.5 

1 0.2 
0 0.0 
1 0.2 
0 0.0 

3 0.5 
3 ft 5 

0 0.0 
0 0.0 

6 1.1 
5 0.9 
1 0.2 

0 0.0 
0 ft ft 

0.6 

45 5.3 8 1.4 
19 2.2 2 0.4 

13 1.5 2 0.4 

43 5.0 6 1.1 

5 2.1 1 0.6 

46 5.4 19 3.3 
9 1.1 4 0.7 

18 2.1 1 0.2 

1 0.1 1 0.2 

88 10.3 84 14.6 

185 21.7 172 30.0 

14 1.6 14 2.4 

2 0.2 1 0.2 

1 0.1 0 0.0 
0 0.0 2 0.4 

0 0.0 1 0.2 

0 0.0 1 0.2 
1 S. Heidelberg. S. Thompson, S. Kottbus. 5. Montevideo, .V. Manhattan, S. Anatum, .V.Arizona, Salmonella 
group B (not fully typable) 
b serotypes of Yersinia enterocolitica in cases: 06,31 (biotype la), 06,30; 06,30 (biotype IA), one not 
typable, one not typed. In controls: 2 04 (biotype IA); 065 (biotype IA), 07,8 (biotype IA); one not 
typable. 
c serotypes of Y. frederiksenii: 016a,58 (case); 016AB.29 (control). 
d VTEC=verocytotoxin producting E.coli: positive for eae-gene and genes for either SLT1 and/or SLT2. 
VTEC serotypes in cases: 0157 K-H-, 098 K-. 0145 K-. one not typable. In controls: 026. 0145 K-. one not 
typable 
eSapporo-like viruses have only been tested for the last study year (May 98-Apr 99). (240 cases and 160 
controls) Genotypes in cases: 4 Sapporo, 1 London, genotype in control: Sapporo. 
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Discussion 
Incidence and participation rate 
This is the first GP-based national study in the Netherlands covering the role of a wide 
range of microorganisms in a representative population of gastroenteritis patients and 
controls. Only England has conducted a similar study. 
The incidence of gastroenteritis in general practices was estimated at 79.7 per 10,000 
person years, suggesting that in the Netherlands, 1 in every 125 persons, or 128,000 
persons, will seek physician care for gastroenteritis every year. This estimate was adjusted 
for list inflation and partially for nonparticipation (15%) of GPs but not for the number of 
underascertained cases absent from both study components. In a similar study in England, 
underascertainment was estimated to be 36% [23], The correction for list inflation (2.5%) 
in our study should be considered a minimum estimate because only patients who were 
actively reported as no longer belonging to the general practice population were counted; 
by contrast, the more active approach in England (searching medical records of 
norrrespondents) yielded an estimate of 10% [23]. Consequently, the incidence from our 
study must be considered a conservative, but the best available, estimate. 
A previous estimate of the incidence of gastroenteritis in a GP-based study in 1992 to 1993 
in the Netherlands was somewhat higher at 90 cases per 10,000 person years (not corrected 
for list inflation) [8]. Since the percentages of Salmonella and Campylobacter have also 
decreased since 1992-1993 (from 5% to 4% and from 14% to 10%, respectively), the 
decrease in incidence could partially be due to preventive measures in the poultry industry 
that focused on Salmonella Enteritidis, but as expected, also caused a slight decrease in 
Campylobacter infections in poultry. Nevertheless, these measures were not fully 
implemented until April 1997, and therefore a decreasing trend in the incidence within the 
study period would be expected, which was not observed for gastroenteritis as a whole, nor 
for the percentages positive for Salmonella and Campylobacter. Several other factors 
might have contributed to this decrease, such as a more widespread use of Hazard Analysis 
and Critical Control Points in the food production industry, greater awareness and 
knowledge in the population about foodborne infections, and a change in consultation 
behavior because of GPs' increasing deferral policy for gastroenteritis. 
The low incidence in the first study year was presumably due to the absence of a winter 
peak in 1996 to 1997. Such peaks coincide with an increase in infections with enteric 
viruses, such as astrovirus, rotavirus, and calicivirus [24-26]. Therefore, the variation in 
incidence in different years likely is due to the annual fluctuation of the peaks in viral 
pathogens. 

Our data indicate an incidence almost fourfold lower than the incidence in England. The 
GP-based incidence of gastroenteritis estimated for England in a study from 1993 to 1996 
was 330 per 10,000 person years after correction for list inflation and underreporting [27]. 
In Wales in 1992. an incidence of 244 per 10,000 person years was found [28]. Most 
likely, gastroenteritis patients' higher consultation rate in England accounts for the 
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difference: approximately 1 in 6 gastroenteritis case-patients in England consult a GP. 
whereas an estimated 1 patient in 10 to 1 patient in 50 does in the Netherlands [5,6,8]. A 
lower consultation rate could be explained by Dutch GPs' policy of deferring 
gastroenteritis cases. In the Dutch Guidelines for Acute Diarrhea, a consultation by 
telephone is considered adequate for uncomplicated acute diarrhea and can be dealt with 
by the GP"s assistant [29]. Of the 19 participating GPs who completed a questionnaire at 
the end of our study. 12 (63%) reported fully or partially discouraging patients with 
gastroenteritis from visiting their practice. In England, a deferral policy for consultations 
for gastroenteritis is not common. 

The incidence of gastroenteritis was independently associated with degree of urbanization 
and geographic region. The incidence was the lowest in the North, as was found in the 
study in 1992 to 1993 [8]. This cannot be explained by a lower response rate (Table 2.). A 
higher incidence was found in areas with a high or low degree of urbanization than in areas 
with an intermediate degree of urbanization. Other studies also report a higher incidence in 
urban areas [30]. Possibly, a high population density causes an increased risk for person-
to-person transmission. In rural areas, contact with animals, manure, and raw products 
could be more frequent than in more urbanized regions, possibly leading to higher levels of 
exposure to zoonotic pathogens. An analysis of risk factors for each pathogen will be 
published after an ongoing population-based study is completed. The differences in 
incidence could also reflect differences in consultation behavior. 
Patient-related factors that were independently associated with incidence were patient's 
gender and age. The incidence was higher for women than for men and was clearly higher 
in the youngest age groups, consistent with other studies [5,8.28.31-33]. Although several 
studies have reported a higher disease burden for the elderly, no increase in the incidence 
of gastroenteritis was observed in our study [1]. Possibly, the higher risk for gastroenteritis 
for the elderly is limited to the relatively weaker persons living in nursing homes [25], 
Because these homes usually have their own GP, the proportion of persons living in 
nursing homes could be underrepresented in this study. 

Pathogens 

Bacteria were detected in 16.3% of patients, viruses in 15.4%, and pathogenic parasites in 
8.3%. The higher participation of the northern region might have increased the percentage 
of Salmonella Typhimurium because 5. Typhimurium is predominant over S. Enteritidis in 
this region, in contrast to the rest of the Netherlands [34]. The order of relative importance 
of pathogens in general practices was similar for the Netherlands and England, although 
the percentages positive for viruses and bacteria in this study were slightly lower than in 
England and the percentages positive for parasites were slightly higher. Because bacteria 
and viruses are more often detected in patients with acute diarrhea, whereas parasites tend 
to cause less fulminant but intermittent and long-lasting symptoms that might lead to 
delayed consultation, these differences could be due to the exclusion of persons with 
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symptoms lasting longer than 2 weeks in the English study [35,36]. In our study, 32% of 

patients had symptoms >2 weeks' duration [36]. In addition, we used formalin-fixed 

material to detect parasites, and four different préparâtes were examined, which increased 

the sensitivity of microscopy examination, compared to the use of nonfixed material and 

the examination of three different préparâtes in the English study [37]. The lower 

participation of patients in the last 2 years of the study might have caused an underestimate 

of viral pathogens because the seasonal viral peak was relatively low in the first year 

[24.38]. In spite of a less sensitive method of testing for Norwalk-like viruses (electron 

microscopy in England versus reverse transcriptase-polymerase chain reaction in the 

Netherlands), the percentage of stool samples positive for Norwalk-like viruses is higher in 

England [36]. The low response for the younger age groups might also have reduced the 

percentage of rotavirus, Sapporo-like viruses, and to a lesser degree Norwalk-like viruses, 

which are most common in young children [24]. Differences in the proportion of specific 

pathogens in the English study and in our study may also be explained by differences in 

consultation rates. A lower threshold for consulting a GP might increase the proportion of 

pathogens that cause relatively mild gastroenteritis, such as Norwalk-like viruses. 

Parasites that were (possibly) nonpathogenic were more frequently found in controls than 

in patients. A more detailed study of differences between patients and controls with these 

parasites might identify factors related to the development of disease after infection with 

these parasites. 

Diagnostic Deficit 

In spite of a diagnostic panel that included most of the known pathogens that can cause 

gastroenteritis, the percentage of patients in which no pathogen could be detected was 6 1 % 

(including Sapporo-like viruses in 1998 and excluding D. fragilis and nonpathogenic 

parasites). Some cases could be noninfectious because an exclusive distinction between 

infectious and noninfectious intestinal disease cannot be made clinically. The high 

percentage of patients with chronic gastrointestinal symptoms suggests that a substantial 

proportion might not be infectious but an expression of other illnesses, such as 

inflammatory bowel disease. The symptoms might also be caused by intestinal 

microorganisms not included in this study or not yet known. Several pathogens, such as 

Campylobacter, verocytotoxin-producing E. coli, and torovirus have only recently been 

recognized as a cause of gastroenteritis, and it is likely that new pathogens will be added to 

this list [39]. In addition, we did not screen for some pathogens, such as some pathogenic 

E. coli (e.g., enterotoxigenic E. coli, enteroinvasive E. coli) and bacterial toxins {Bacillus 

spp, Clostridium difficile cytotoxin, C. perfringens enterotoxin), which were associated 

with 15% and 6% of the cases, respectively, in the English study [36]. However, all stool 

samples from our study were stored and are currently being tested for Sapporo-like viruses 

and can be tested for other pathogens. Also, intestinal symptoms can be caused by 

nonintestinal infections, such as influenza, not included in our study. Approximately one 
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quarter of gastroenteritis cases in an American population-based study coincided with 
respiratory disease [31]. Detection of pathogens in the study is also influenced by logistics 
factors and the sensitivity of the testing method. The timing of sampling was not ideal in 
many cases; because of the relatively long patient delay, some pathogens might no longer 
have been excreted in the stool at the time of sampling. Some pathogens, such as 
Campylobacter, do not grow in culture after a long delay in shipping. At present, we are 
conducting a study on gastroenteritis in the community to elucidate the role of sampling 
time and referral behavior on pathogen-specific incidence. 
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Abstract 

Data from a general practice-based, case-control study on gastroenteritis and the pathogens 

related to this disease were used to study the association between specific pathogens and 

the infected patients" ages and symptoms. For comparison, the occurrence of these 

pathogens in control patients, stratified by age, also is presented. In children with 

gastroenteritis who were <5 years of age. rotavirus (in 2 1 % of patients) and Norwalk-like 

virus (NLV; in 15%) were the most common pathogens. Among patients who were 5-14 

years of age, Campylobacter species (in 16% of patients) and Giardia lamblia (in 10%) 

were the most common pathogens. In the older patients. Campylobacter species was also 

the most common pathogen (8% to 15% of patients). In addition, several symptoms in case 

patients were associated with specific pathogens. Blood in the stool was associated with 

infection with Campylobacter species. In patients with fever. Salmonella species, 

Campylobacter species, and rotavirus were detected relatively often. Vomiting was 

associated with NLV and rotavirus. This is the first study in The Netherlands and one of the 

first studies in the world that has investigated a broad range of pathogens recovered from an 

unselected population of patients who had consulted general practitioners because of 

gastroenteritis. 

Introduction 

In industrialized countries, infectious gastroenteritis is still one of the most common 

diseases [1]. Clinical and epidemiological data about the different infections can be 

analyzed together to obtain information about the groups of patients who were at risk and to 

develop tools for helping practitioners decide which diagnostic tests are most useful. 

Although clinical and epidemiological features of patients can never entirely distinguish 

infections with different pathogens, they can be useful indicators. Most epidemiological 

studies, both in The Netherlands and elsewhere, have focused on a selected population of 

patients who had presented to either general practitioners (GPs) or specialists, or they have 

focused on a specific pathogen in investigations of the clinical features, demographic 

characteristics, and seasonality related to infection [2-8]. The etiology remained unclear in 

the majority of cases in these studies. 

There are almost no comparative data regarding the relative prevalence of the broad range 

of pathogens that may cause gastroenteritis and regarding the demographic and clinical 

features related to these infections in an unselected group of patients with gastroenteritis 

[9]. Therefore, data from a general practice-based, case-control study on gastroenteritis 

were used to identify the characteristics of patients who were infected with a specific 

pathogen among all patients with gastroenteritis who presented to a GP. With this purpose 

in mind, the microbiological findings in this study were studied with regard to the age. sex. 

clinical features, regional distribution, and degree of urbanization (determined on the basis 

of the size of the city and the density of the population) of the patients. 

52 



Etiology of gastroenteritis in sentinel general practices 

Patients and methods 

The study was performed in collaboration with the network of general practices in the 
Continuous Morbidity Registration of The Netherlands Institute of Primary Health Care 
(NIVEL). From January 1996 through December 1999, in all practices, patients who 
consulted withaGP regarding gastroenteritis were classified by week of consultation, sex, 
and age. In addition, from May 1996 through May 1999, in 33-36 of the practices, patients' 
who presented with gastroenteritis were invited to participate in a case-control study. Each 
case patient was matched with a control patient according to age group (0-11 years or >12 
years). Because the 2 categories were not enough to describe the different age groups, the 
following new categories were made on the basis of logical and comparable cutoff points: 
<1 year (the youngest age group), 1-4 years (with the <1-year-old persons, the youngest age 
groups), 5-14 years (older children), 15-29 years (young adults), 30-59 years (adults), and 
60 years or older (elderly or oldest age group). Control patients were selected from patients 
who presented to the GP without symptoms of gastroenteritis on the same day. Participants 
were asked to submit a stool sample and complete, on the day of consultation, a 
questionnaire concerning the period before consultation. 

Gastroenteritis was defined as (1 ) diarrhea with >2 additional symptoms. (2) vomiting with 
>2 additional symptoms, or (3)>3 loose stools in 24 h. Additional symptoms included 
diarrhea, vomiting, nausea, fever, abdominal pain, abdominal cramps, and blood in the 
stool or mucus in stool. An episode of gastroenteritis had to have been preceded by a 2-
week symptom-free period. 

Laboratory methods. 

Stool samples were sent by regular mail to the National Institute of Public Health and the 
Environment. The samples consisted of a nonfixated sample and a sample fixated in sodium 
acetate, acetic acid, and formalin (SAF; concentration, 1.6%) [10]. The fresh stool samples 
were assayed for Salmonella, Campylobacter, Shigella, and Yersinia species; 
verocytotoxin-producing Escherichia coli (VTEC);£. coli 0157; rotavirus group A; 
adenovirus type 40/41; astrovirus; and Norwalk-like viruses (NTVs). The fixated stool 
samples were assessed by means of microscopic examination for Giardia lamblia, 
Cryptosporidium species, Cyclospora species, Entamoeba histolytica, Dientamoeba 

,/ragilis, Blastocyst is hominis, and other nonpathogenic parasites [11]. In addition, samples 
obtained from May 1997 through May 1999 were assayed for Sapporo-like viruses (SLVs). 
For the detection of bacteria, 1 g of the fresh stool sample was suspended in 9 mLof saline. 
This suspension was inoculated on commercial selective and differential culture media 
(Oxoid B.V.). After incubation for 3 days at 37°C, the samples were plated on 
Salmonella/Shigella agar (Oxoid CM 533; selectivity based on the presence of bile salts, 
brilliant green, and citrate) and on Hektoen agar (Oxoid CM 419; selectivity based on the 
high peptone content) for the detection of Salmonella and Shigella species on days 1, 2, and 
3. For detection of Yersinia species, the Schiemann CFN medium was used (Oxoid CM 653; 
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selectivity based on the presence ofdesoxycholate). and the samples were incubated for 3 
days at 30°C. Detection of Campylobacter species was performed after the samples had 
been incubated for 3 days at 37°C in a micro-aerophilic environment with use of blood-free 
Campylobacter agar (Oxoid CM 739; selectivity based on the presence ofdesoxycholate) 
that had been supplemented with cefoperazone and amphotericin B (Oxoid SR 155). 
For detection of other VTEC serotypes. 1 g of the fresh stool sample was suspended in 9 
mL of Trypton Soya broth (Oxoid CM 129: enrichment medium) that had been 
supplemented with acriflavine ( 10 mg/mL). After incubation for 24 h at 37°C, the genes 
eue (which encodes the E. coli attaching-and-effacing protein that is involved in microvillus 
invasion), SLTI, and/or SLTII (Shiga-like enterotoxins that might lead to hemolytic-uremic 
syndrome [HUS] by their action on vascular endothelial cells) were sought by means of a 
multiplex PCR. as described elsewhere [12] with minor modifications. 
Samples were tested for rotavirus, adenovirus, and astrovirus by use of ELISA (Rotaclone 
and Adenoclone, Meridian Diagnostics: IDEIA for astrovirus detection. DAKO 
Diagnostics). For the detection of NLV and SLV, viral RNA was extracted from stool 
specimens after it was bound to silica particles [13] and assayed by use of reverse 
transcriptase PCR [14,15]. Intestinal parasites were detected by means of microscopic 
examination of S AF-fixated samples. The following 4 different slides were examined: ( 1 ) a 
wet film (iodine stained or unstained), to detect trophozoites of protozoa, cysts, and 
helminthic ova; (2) a Ridley concentration (iodine stained), in which cysts of protozoa are 
concentrated; (3) a modified Ziehl-Neelsen staining of the Ridley concentration, especially 
for the detection of Cryptosporidium species; and (4) a permanent stained smear 
(hematoxylin stained), to detect trophozoites of protozoa. A 10* and a 40x magnification 
were used to scan most smears, except for the permanent smears, which were examined at 
100*. This combination of techniques enabled us to detect the (possibly) pathogenic 
protozoa (G. lamblia. E. histolytica, Isospora belli. Cryptosporidium species, Cyclospora 
cayetanensis, D. fragilis), the helminthic ova. and the nonpathogenic protozoa (B. hominis. 
Entamoeba hartmanni, Entamoeba coli. lodamoeba bütschlii, Chilomastix mesnili. 
Endolimax nana, and Trichomonas hominis) [16-18], All slides were examined by the same 
2 well-trained technicians. These technicians participate in an external quality control 
system (Dutch network, Stichting Kwaliteitsbewaking Medische Microbiologie; British 
system. National External Quality Assessment Scheme for Microbiology). The laborator)' 
has a quality control certificate. 

The sensitivity of the techniques is different for the protozoa cysts and helminth eggs. The 
literature indicates that C. lamblia is likely to be identified in 50%-70% of case patients 
after microscopic examination of 1 stool sample [19]. Standardized protocols were used 
throughout the study. All stool samples were stored for future investigations at 4°C. -20°C. 
and -70°C. 

54 



Etiology of gastroenteritis in sentinel general practices 

Statistical analyses. 

Associations with patient age. patient sex, year of study, quarter of the year (January-

March, April-June, July-September, October-December), geographic region, degree of 

urbanization, and clinical features were studied for patients who were infected with specific 

pathogens and for all case patients in whom >1 of the pathogens was detected. An arbitrary 

limit of >15 case patients with a specific infection was chosen for our study of the 

association of infection with factors other than age. Logistic regression was used to study 

the independent effects of variables by comparison of patients who had a specific infection 

with patients who had gastroenteritis and who did not have that specific infection. Manual 

backward selection on the basis of the results of the likelihood ratio test was used to 

determine which variables contributed significantly to the model [21]. A P value of .05 was 

considered statistically significant. In addition, a variable was kept in the model as a 

confounderif the OR of other variables changed by>10% when the variable was removed. 

The factor of age was always kept in the model because of its strong confounding potential 

for all pathogens. For each pathogen, 2 logistic regression models were constructed: 1 

model with only the single infections with that pathogen (excluding mixed infections) and 1 

model that included mixed infections. If no significant differences were observed, the 

model that included mixed infections was chosen because of its higher power, even though 

the model with only single infections was, in theory, the most sound (species included in 

the model, Salmonella species, Campylobacter species, rotavirus, and NLV). Otherwise, 

the model for single infections was presented (species in the model, G. lamblia, D. 

fi'agi lis). 

Results 

In total, stool samples obtained from 857 case patients and 574 control patients were 

examined. There were no significant differences between case patients and control patients 

with regard to quarter of the year of presentation, sex, geographic region, or degree of 

urbanization. However, in general, control patients were slightly older. 

Univariate analyses by age 

The percentage of stool specimens obtained from case patients and control patients that 

tested positive for the different pathogens, according to age group, is presented in table 1. 

Figure 1 shows the relative proportions of patients infected with the bacteria, viruses, and 

parasites for the different age groups. Overall, >1 pathogen was detected in 303 (37.5%) of 

809 case patients and 52 (9.8%) of 532 control patients. Among case patients, this 

percentage decreased with age, from 17 (53%) of 32 patients in the youngest age group to 

28 (27%) of 92 patients in the oldest. The highest percentage of control patients who were 

infected with a pathogen was observed among those who were aged 5-14 years, mainly 

because most of the pathogens that were detected in the control patients were parasites. 

55 



s 8 

TS 
5 

ft. 

ft. _S 

(N 
O p p p _ p O O p O Os_ p p O 1-3 

a^C ^ Ö o <N — Ö Ö <N 1—3 Ö m ö — Ö m 

H. O — -̂  ~~^_ -̂  -̂. — -̂  -—>. — —-^̂  "—» -—. •—---.- ^̂  -—-H. O — Ov oo p O o Os O Os o p Os o O o ce r-
on s© H m t-3 Ö <N ö <N Ö m i—3 Ö m Ö Ö — 0s" © 
OJ c 
M w 
aï 

> ^5 o 
r-| p SO t̂ SO p O oc r- (N p p OC ^t 

r^ > ^5 ö —' o ,-J ö _ 3 Ö Ö Ö Ö — Ö Ö Ö 
^t 
r^ 

m 
« ^ m ~̂  -~̂  •—_ ̂_ ~~^ -̂  —̂  -̂  -̂  -—» ~̂  •—. -—. -—•. sq ITÏ o m r--O m v© Os sO r--SO m o 0 s Os 

CN Ö o o o — O ° CI O in ° O — od 

O — _ . vn T j - ^ p - ^ p p p p o q 

— —• ö — ö o ö ö o i 
— sO so Os Os p O 
TJ- ö Ö v~t rsi m m 

^ oo r̂ i o o o o o o r - o 
o o o o o o o — o o o 

c/l VO 
> . SO 

O O — O O (N — — " 3 - <N O fN 

o o o o ^ . i n O V i O ^ O O © 
Ö Ö Ö Ö ^ —' Ö — i r i ' r r Ö Ö Ö 

(N r - o o 
5 - N p ^ v i Ö Ö Ö ^ O " 

T t i n t ^ o o c ^ t o o 

• in -j; ; 

o o o o o o ^ o o 
-; o o o 

. m os os o o 
5 M iTi ir» O O 

< Vi 

o o o o 
p p o r - j 1 ^ — p ^ p p p o p 
o d o n ^ o ^ d l C ^ r n d d o 

^ o — s o - r t ^ r ^ ] - — <n m <N CS E-; 
~ ö — ö — - ö ö — —• m ö o o 

"^ — f - V I C l N T — "*t "=1" — (N Os 
2 Ö Ö Ö » n ' ( N — H - ) < N < n C N O O 

CL <D • 

y 

00 r n 

oo V I ^ ^ t O O _ ° 0 

Os o 
lTl O 

-̂  — 
sO sO 

sO O 
t 

—• m 
m i> 

o — 

s? '1 

"5 a 

u > — 
^ > c 

o. kj 

i n 



Etiology of gastroenteritis in sentinel general practices 

Among case patients <1 year old, almost all infections were viral (mostly infections with 
rotavirus and NLV; figure 1 and table 1). In the small group of control patients who were 
<1 year, mainly parasites were found. SLV was also found in a high percentage of the 
control patients from this age group, but only 12 control patients had been tested for SLV. 
In case patients 1-4 years of age, all pathogens were frequently detected, but viral 
pathogens, especially rotavirus, were again the most common. In control patients in this age 
group, different viral pathogens and G lamblia were detected. 
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Figure 1. The proportion of case patients (cases) and control patients (controls) 'in different age groups who 
were infected with either bacterial, viral (excluding Sapporo-like virus), or parasitic pathogens (excluding 
Dientamoeba fragilis) or who had mixed infections. 

In patients aged 5-14 years, Campylobacter species were the dominant pathogens, followed 
by G lamblia. In a substantial proportion of control patients who were aged 5-14 years, G 
lamblia was recovered; in a small proportion of these patients, NLV was recovered. In all 
case patients aged >15 years, bacterial pathogens were the dominant pathogens, especially 
Campylobacter species. In control patients who were aged >15 years, small percentages of 
bacterial, viral, and parasitic pathogens were found. Among patients who were aged >60 
years, the percentage of case patients who tested positive for parasites was similar to that of 
control patients. Overall, bacterial pathogens were not observed among control patients 
who were younger than 15 years. Among patients in the age groups of <1 year and 5-14 
years, infection with G lamblia occurred more frequently in control patients than it did in 
case patients. Overall, the possibly pathogenic parasite D. fragilis and the nonpathogenic 
parasite B. hominis were more frequently found in control patients than they were in case 
patients. However, both pathogens were more common in case patients who were aged 0-14 
years of age than they were in control patients who were aged 0-14 years; in the older age 
groups, the opposite was observed. 
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The duration of symptoms was significantly associated with the rate of detection of all 
pathogens (figure 2). Campylobacter species and Salmonella species were both more 
common in case patients who had symptoms for <1 week before they consulted with a GP. 
Rotavirus and NLV were more common in case patients who had symptoms for <4 days 
prior to consultation. G. lamblia was more common in case patients who had symptoms for 
>1 week prior to consultation, and D. fragil is was more common in case patients who had 
symptoms for >4 weeks prior to consultation. Overall, a pathogen was most often detected 
in case patients who had symptoms for <1 week prior to consultation. 

1-3 days 4-7 days 8-14 days 15-28 days >28 days 

duration of symptoms until consultation 

Salmonella I 1 Campylobacter r — ] rotavirus 

NLV ESSaGiardia lamblia 

all pathogens (right Y-axis) 

Z^Dientamoeba fragilis 

Figure 2. Percentage of case patients who tested positive for various pathogens (left Y-axis) and for any of the 

pathogens (right Y-axis), in relation to duration of symptoms until consultation. NL V, Norwalk-like virus. 

Table 2 shows the distribution of person-related and illness-related variables incase 

patients who were infected with the various pathogens. Findings of the multivariate logistic 

regression models for each pathogen are not included in the table but are described in the 

text. 
The percentage of patients who tested positive for rotavirus differed significantly during the 
different study years, with the lowest percentage of rotavirus-positive patients found in the 
first year of the study (1997/1998). After correction for the other variables, the OR for the 
second year was 3.2 (95% CI, 1.3-8.2) and for the third year was 3.6 (95% CI, 1.3-9.8). in 
comparison with that for the first year. The quarter of the year was independently 
associated with rotavirus infection, which was more common during the first 2 quarters (OR 
for the second quarter. 0.9 [95% CI, 0.4-2.1]; third quarter, 0.1 [0.0-0.5]: and fourth quarter, 
0.2 [0.1 -0.7]; each OR is compared with that for the first quarter); infection with 
Campylobacter species, which was more common during the second quarter (OR, in 
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comparison with that for the first quarter, 3.0; 95% CI, 1.4-6.5); and infection with 

Salmonella species, which was more common during the third quarter (OR for the first 

quarter, 0.3 [0.1-1.0]; second quarter. 0.6 [0.2-1.4]; third quarter, 1.0;and fourth quarter. 

0.6 [0.2-1.7]). The percentage of case patients with fever who tested positive for all 

pathogens and for Salmonella species, Campylobacter species, and rotavirus in particular 

was significantly higher than the percentage of case patients without fever who tested 

positive for the aforementioned pathogens, with the following multivariate ORs: presence 

of a pathogen, 1.7 (95% CI, 1.3-2.3); Salmonella species, 3.1 (95% CI, 1.4-6.9); 

Campylobacter species, 1.8 (95% CI, 1.1-3.0); and rotavirus, 2.2 (95% CI, 1.0-4.7). 

Campylobacter species were detected significantly more frequently (OR, 4.9; 95% CI, 2.8-

8.7) and D. fragilis was observed less frequently (OR, 0.3; 95% CI, 0.1-1.1 ) in case patients 

with blood in the stool than they were in case patients without blood in the stool. In case 

patients with abdominal cramps, Salmonella species were significantly more common (OR, 

3.5; 95% CI, 1.0-12.7) and rotavirus was significantly less common (OR, 0.4; 95% CI. 0.2-

1.0) than they were in case patients without abdominal cramps. Campylobacter species 

were also more common in case patients with abdominal cramps, although not significantly 

so. In case patients who had vomiting, rotavirus and NLV were more common (rotavirus: 

OR. 2.3 [95% CI, 1.0-5.4]; NLV: 2.7 [1.3-5.4]). A pathogen was detected more frequently 

in case patients with a maximum frequency of >6 stools per day (OR, 1.7; 95% CI, 1.1-2.5), 

particularly Campylobacter species (OR, 2.8; 95% CI, 1.4-5.5), than it was in case patients 

with normal frequency of stools per day. 

Mixed infections 

In 20 case patients (2.3%), > 1 pathogen (excluding D. fragilis as a pathogen) was detected. 

In 8 case patients with G. lamblia, other infections were present (Yersinia species, 

Salmonella species [2 cases], Campylobacter species, rotavirus, adenovirus, E. histolytica, 

and infection with both Salmonella species and E. histolytica). In 6 case patients with NLV, 

an additional infection was present (Campylobacter species [3 cases], Salmonella species 

[2 cases], and Cryptosporidium species). There were other mixed infections, which were 

due to Cryptosporidium species plus rotavirus, Cryptosporidium species plus E. histolytica, 

Salmonella species plus Campylobacter species, Yersinia species plus VTEC, adenovirus 

plus VTEC, and Campylobacter species plus astrovirus. There was no difference in the 

proportion of case patients who were infected with D. fragilis among those who had 

coinfections (29 [10.1%] of 287) and those who did not have coinfections (54 [10.7%] of 

506). B. hominis infections were more common in case patients who were not infected with 

another pathogen than they were in case patients who were infected with another pathogen 

(excluding D. fragilis; 125 [24.7%] of 506 vs. 45 [16.0%] of 202, respectively; OR, 1.7; 

95% CI, 1.2-2.5). Coinfection with B. hominis and D. fragilis was more common than 

would be expected on the basis of their separate occurrence in case patients (observed rate 
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of infection, 5.0% [43/854]; expected rate of infection, 2.2%; P = .001) and in control 
patients (observed, 8.4% [48/574]; expected, 4.4%; P = .001 ). 

Table 2. Case patients who tested positive for pathogens, according to variables associated with illness and 

patient characteristics 

No. ( %) of case patients who tested posil :ive for 
Salmo Campylo rota NLV Giardia Dienta a pathogen 
nella bacter virus moeba * 

study year SDD 
1996/1997 12(3.5) 31 (8.9) 8 (2.3) 18(5.2) 20(5.7) 26(7.7) 111 (35.6) 
1997/1998 12(4.7) 28(10.9) 22(8.5) 12(4.7) 15(5.8) 14(5.7) 97(37.9) 
1998/1999 9(3.8) 28(11.9) 14(5.9) 13(5.5) 10(4.2) 16(7.0) 90(38.1) 

quarter of the year SDD SDD SDD 
first 3(1.6) 11(5.8) 17(8.9) 14(7.3) 7(3.7) 16(8.9) 65 (34.2) 
second 7(3.5) 36(18.2) 20(10.0) 8 (4.0) 5 (2.5) 13(6.7) 85 (47.8) 
third 17(6.3) 25 (9.3) 3(1.1) 9 (3.4) 20(7.4) 16(6.1) 86 (34.7) 
fourth 6(3.1) 17(8.8) 5 (2.6) 12 (6.2) 14(7.3) 12 (6.4) 67 (34.7) 

fever SDD SDD SDD SDD 
yes 22(6.8) 49(15.0) 31(9.5) 17(5.2) 19(5.9) 24 (7.8) 151 (47.9) 
no 11(2.1) 40 (7.6) 14(2.6) 26 (4.9) 27(5.1) 33 (6.4) 152(30.8) 

blood in stool SDD SDD 
yes 7(2.4) 31 (32.6) 1(1.0) 6(6.3) 4 (4.2) 2 (2.4) 45 (50.0) 
no 26(3.4) 58 (7.7) 44(5.8) 37 (4.9) 20(5.2) 55 (7.5) 258 (35.9) 

abdominal cramps SDD SDD 
yes 30(4.6) 74(11.2) 23(3.5) 28(4.3) 37(5.6) 44 (6.9) 221 (35.5) 
no 3(1.6) 15(7.8) 22(11.2) 15(7.7) 9 (4.6) 13(7.0) 82(44.1) 

vomiting SDD SDD SDD 
yes 10(2.9) 31 (8.9) 34(9.7) 30(8.6) 18(5.2) 24(7.2) 146(44.5) 
no 23 (4.6) 58(11.5) 1 1 (2.2) 13(2.6) 28(5.5) 33 (6.8) 157(32.6) 

max freq of stools 
p.d. 
normal** 

SDD SDD max freq of stools 
p.d. 
normal** 4(2.6) 8 (5.2) 5(3.3) 11 (7.2) 9(5.9) 18(12.2) 49 (34.3) 
2-3 0(0.0) 3 (3.4) 1 (10.0) 0(0.0) 0 (0.0) 0 (0.0) 29(34.1) 
4-6 10(2.6) 18(6.0) 27 (3.4) 11 (2.9) 22 (5.8) 20 (5.4) 113(31.7) 
7+ 18(7.0) 54 (20.0) 9 (3.5) 16(6.2) 14(5.4) 13(5.2) 121 (48.2) 
p.d. = per day; NLV=Norwalk-like viruses 

SDD: significantly differently distributed than in patients without this pathogen 

* includes: Salmonella, Campylobacter, Yersinia, Shigella, VTEC, rotavirus, adenovirus, astrovirus, SLV, 

NLV, Giardia lamblia, Ctyptosporidium. Cyclospora, Entamoeba histolytica 

** the normal number of stools was determined by the patient 

Discussion and conclusions 
This is the first study in The Netherlands and one of the very few in the world in which the 
relative importance of a broad range of pathogens in an unselected population of case 
patients who consulted a GP for gastroenteritis has been established. Factors associated 
with specific pathogens were measured similarly for all respondents, regardless of the 
infection, and respondents were not aware of the infection at the time that they completed 
the questionnaire. 

60 



Etiology of gastroenteritis in sentinel general practices 

In general, age of the individuals and duration of symptoms were the factors that best 
distinguished between infections with the various microbiological pathogens. 

Age group of 0-4 years 

Among patients who were <5 years of age, viruses were the most common pathogens; in 
total, viruses accounted for more than one-third to almost half of all cases. While it is well 
known that rotavirus is the primary cause of gastroenteritis for patients in this age group 
[21-25], the prevalence of NLV infections was surprisingly high as well. This is consistent 
with the findings of recent studies of children in the community and patients who presented 
to GPs or pediatricians in the United Kingdom, France, and Finland [21-23]. 
Several factors might have affected this predominance of viruses noted among patients in 
the youngest age groups, such as the high consultation rate, which favors the discovery of 
relatively mild infections; the lack of toilet-training and knowledge of personal hygiene; the 
close, interpersonal contact that occurs at day care centers, which could enable fecal-oral 
transmission; a high force of infection leading to a young medianage of infection; and the 
built-up immunity that prevents symptomatic infections at an older age [26-29], Apart from 
exposure, the pathogenic mechanisms of rotavirus may play a role. In mice, a protein acts as 
an enterotoxin that causes diarrhea in baby mice but not in older mice [30], A similar 
mechanism is suspected in humans. Little is known about the pathogenesis of NLV 
infection, although these infections are slightly less restricted to the young than are 
rotavirus infections. However, the steep decrease in the prevalence of NLV infection in 
case patients who were aged >5 years suggests a similar built-up immunity. Nevertheless. 
NLV immunity is poorly understood, and it remains to be proven if and how age-related 
resistance to infection develops. 

The percentage of patients who tested positive for Salmonella species was not higher 
among patients aged 0-4 years than it was among patients in the other age groups. Although 
laboratory-based surveillance has shown that, in several countries, the incidence of 
infection with Salmonella species is highest among patients 0-4 years of age, the proportion 
of the patients ofthat age who test positive is not higher than the proportion of older 
patients who test positive [31]. This finding suggests that there are general factors 
associated with the higher incidence of gastroenteritis in young patients (e.g., hygiene and 
day care attendance) that also result in a concomitant increase in the prevalence of 
Salmonella infection, rather than age-specific risks. Of note, Salmonella infections are 
mainly due to Salmonella typhimurium, which is found mostly in patients who 0-4 years, 
and Salmonella enteritidis, which is observed mainly in patients aged 15-60 years [31]. 

Age group of 5-14 years 

In children aged 5-14 years, Campylobacter species and G. lamblia were the most common 
pathogens. D. fragilis was also frequently recovered from both case and control patients in 
this age group. Our findings regarding Campylobacter species are consistent with the 
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results of a recent study in the United Kingdom [21]. In most developed countries, infection 
with Campylobacter species is associated with 2 age peaks, one in the youngest age group 
and another in young adults [32-35]. In developing countries, high levels of exposure result 
in a peak rate of Campylobacter infection in the youngest age group [36J. In our study, no 
peak was observed among young children: the highest percentage to test positive was found 
among case patients aged 5-29 years. In young adults the main modes of transmission are 
considered to be via consumption of food and via exposure that occurs during foreign 
travel; however, in children <5 years old, exposure to pets, exposure to environment, and 
greater vulnerability might be of more importance [34.37.38]. The different age profile of 
patients with infections between countries suggests that the relative importance of these 
different means of exposure and risk factors might differ. 
G lamblia has been reported to be a common pathogen among children in day care centers 
[18.39]. but our data suggest that transmission of G. lamblia is more common among 
school children, although G. lamblia species were observed among patients in all age 
groups. The high percentage of control patients in the school-age group who test positive 
for G. lamblia may contribute to transmission in schools [39]. Mank et al. [40] also 
reported that the highest percentage of patients who consult GPs and who test positive for 
G. lamblia were in the age group of 5-14 years. 
Overall, D. fragilis infections were more common in control patients than they were in case 
patients. Among patients who were 0-14 years of age. however, the percentage of patients 
who tested positive for D. fragilis was higher among case patients than it was among 
control patients. Although the pathogenicity of this parasite is still under debate, these 
results might indicate that D. fragilis can cause diarrhea in children. One study showed that 
D. fragilis is pathogenic in children but failed to show that the same was true for adults 
[41]. 

Age group of 15-59 years 
This age group includes young adults who are starting a household of their own and persons 
who travel [35,40], bothof which are known to be risk factors for infection with 
Campylobacter species, the most common pathogen among persons in this age group. The 
slight increase in the prevalence of infection with rotavirus and NLV, among the 15-29-
year-old patients, and of G. lamblia, among the 30-59-year-old patients, might be due to 
these patients' role as parents/caregivers of children in high-risk age groups. 

Age group of 60 years and older 
The relatively high percentage of patients infected with astrovirus in this age group (3.9%) 
is remarkable. Results from a study performed in the United Kingdom showed a similar 
overall percentage of patients who test positive for astrovirus (2.0%), although the trend 
toward positivity decreased with age [21]. Astrovirus is believed to infect almost all 
children <3 years of age [42], because antibodies to serotype 1 were present in almost all 
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persons of >5 years of age who were tested in a serosurvey [43]. The seroprevalence of 

antibodies to other serotypes was lower. Given the low incidence of astrovirus infection in 

this study, astrovirus infection may generally be mild, may not wan-ant a visit to a doctor, 

and may even be asymptomatic. In the near future we will analyze the data from a 

community cohort study and address this issue further [44], 

NLV infections have been reported to be one of the main causes of outbreaks of 

gastroenteritis among elderly patients [45]. However, in our study, NLV was not found to 

be a common pathogen among patients in the oldest age group. In a study in the United 

Kingdom, NLV was found more frequently among patients who were >75 years old in the 

general population, but not among patients consulting a GP [21]. It is possible that assisted-

livingand nursing facility staff members have enough experience with outbreaks of 

infection that consultation with a general practitioner is unnecessary. Furthermore, although 

patients in the oldest age group were not underrepresented in our study, elderly persons who 

lived in assisted-living and nursing facilities might have been underrepresented. 

Duration of symptoms 

Differences in the rate of detection of pathogens between patients with different durations 

of symptoms before their consultation with a GP reflect the severity of disease and duration 

of the episode. However, the different rates might also reflect differences in the possibility 

of detecting the various pathogens at different stages of the illness. It was interesting to note 

that NLV infections were not exclusively found in persons with acute illness, although 

these infections are typically considered mild and brief. With regard to rotavirus, 

Richardson et al. [46] reported that up to 30% of hospitalized children shed the virus for 

prolonged periods oftime. In this study, rotavirus was found in3 (1.8%) of the 168 children 

who consulted a GP >4 weeks after the onset of illness. It remains to be seen whether the 

patterns of NLV shedding are similar. 

Other associations 

No associations were found between G lamblia infection and clinical symptoms. This 

might be due to the fact that the occurrence of symptoms that are specific for G lamblia, 

such as flatulence and foul-smelling stools, was not determined in this study [4]. 

All serotypes of Yersinia species that were detected were nonpathogenic. VTEC represents 

an accumulation of serotypes with different pathogenicity, and even pathogenic serotypes 

are known to cause asymptomatic infections. 

When interpreting the results of analyses of factors associated with infections due to 

different pathogens, we should consider that the reference group in the analyses was also 

composed of patients with gastroenteritis, with or without another infection. Therefore, 

factors that are positively associated with gastroenteritis due to one infection might be 

negatively associated with another infection. Furthermore, the study population consisted of 

patients who consulted a GP. Because consultation behavior will likely depend on age and 
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other aforementioned factors, the results of this study cannot be extrapolated to cases of 
gastroenteritis in the community. To compare patients from the community with patients 
who consulted a GP, a study was performed in The Netherlands, and the findings will be 
published in the near future [44]. 

In conclusion, our study of gastroenteritis cases who consulted a GP showed that the 
importance of various pathogens varied according to age groups. In addition, we observed a 

' clear association between the agents of infection and the duration of symptoms that 
occurred before the patients sought consultation, which was also true of specific symptoms, 
such as fever, blood in the stool, and vomiting. Information about these features may 
supporta GP's decision regarding microbiological testing and treatment. 
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Abstract 
We compared gastroenteritis cases that consulted a general practitioner (GP) with those 
who did not in a community-based study and with those in a general practice-based study. 
Firstly, to identify factors associated with consultation, secondly to study the effects of 
inclusion of cases by GPs compared with inclusion by the study team, and thirdly to study 
the effects on the detection of pathogens. Furthermore, we estimated the under-
ascertainment in the enumeration of cases by GPs, to estimate an adjusted incidence of 
gastroenteritis consultation. Both studies were performed in the Netherlands and focused 
on the same population in an overlapping time-period. Overall. 5% of community cases 
consulted a GP. Consulting cases suffered from more severe gastroenteritis than non-
consulting cases. In specific, young age (<1 year), fever, abdominal cramps, and a longer 
duration of symptoms were associated with consultation. Inclusion of patients by a GP 
instead of a study team caused a selection of even more severe cases and more cases with 
chronic symptoms. When extrapolating data from GP-based studies to the community, it 
should be taken into account that gastroenteritis due to bacteria and to Giardia lamblia 
represent smaller proportions of gastroenteritis in the community, whereas gastroenteritis 
due to Norwalk-like viruses represents a larger proportion. The incidence of gastroenteritis 
in general practices was estimated between 14 and 35 per 1000 person years. 

Introduction 
Gastroenteritis is one of the most common diseases worldwide [1,2], and up-to-date 
information on the incidence, causative pathogens and transmission routes is necessary to 
control it. A study in the community is the best method to gain knowledge on 
gastroenteritis as a whole, but is very costly and time-consuming. In general practices, 
gastroenteritis patients can be recruited efficiently, but cases seeking medical care are not 
representative of all cases, and little is known about factors influencing consultation 
behaviour of cases [3.4]. If the selection of patients that present to a GP is known, 
information obtained in a general practice-based study can be extrapolated to the 
community. To study this selection directly, we compared data from a community-based 
study (CB-study, Sensor) and a general practice-based study (GP-study), which had been 
conducted partly in parallel and focused on the same population. We studied factors 
associated with consultation and factors associated with inclusion of cases by a GP 
compared to inclusion by the study team. 

Methods 
Both the GP-study and the CB-study were performed in cooperation with the general 
practice network of the Netherlands Institute of Primary Health Care (NIVEL). The 
population registered at these sentinel practices was representative of the Dutch population 
for age. gender, geographical region and degree of urbanisation. For the GP-study, all GPs 
(from 42-44 practices) enumerated consultations for gastroenteritis on weekly enumeration 
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forms from January 1996 until January 2000. Additionally, in 30-35 practices a case-
control study was performed from May 1996 until May 1999 [5]. Questionnaires and stool 
samples from cases and controls were collected on the day of consultation. The CB-study 
was a prospective cohort study with a nested case-control study [6]. An age-stratified 
sample of persons registered in the 29 to 31 participating general practices was invited to 
participate. Follow-up was from 14 December 1998 until 14 December 1999, in two 
consecutive cohorts of 6 months. All participants completed a base-line questionnaire at 
the start of the study, and cases and controls completed a questionnaire concerning short-
term risk factors. Also, a medical diary was kept by cases during the four weeks after 
enrolment in the case-control study, addressing symptoms, use of medication, bed rest, and 
absence from work or school, and use of the health care system. Finally, stool samples 
were submitted by cases (on days 1.8. 15 and 22) and controls (days 1 and 8). 
The case definition of gastroenteritis used in the GP-study was: at least three loose stools 
in 24 hours or loose stools with two additional symptoms or vomiting with two additional 
symptoms. The additional symptoms could be diarrhoea, vomiting, nausea, fever, 
abdominal pain, abdominal cramps, blood in the stool, or mucus in the stool. A new 
episode could only start after a symptom-free period of two weeks. In the CB-study the 
same case-definition was used, with one additional option: at least three times vomiting in 
24 hours. This option was included, because stool samples were also tested for bacterial 
toxins, which are often associated with vomiting only. 

Statistical analyses 

We composed a severity score for gastroenteritis, partly analogue to the severity score of 
Vesikari used for rotavirus gastroenteritis (table 1 ) [7], Degree of urbanisation was 
classified as "high" (>2500 addresses per km2), "intermediate" (500-2500), and "low" 
(<500). The highest educational level achieved by those aged 18 years and older, and by 
one of the parents for those aged 0-17 years, was used for the educational level and 
classified as "low" (primary school, lower vocational or lower general secondary 
education), "intermediate" (intermediate vocational or intermediate general secondary and 
higher general secondary education), and "high" (higher vocational secondary education 
and university education). 
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Table 1. Severity score of gastroenteritis 

symptoms score* modified score** 

fever >37.5 °C 2 2 
vomiting in 24 hours 

yes 1 
once 1 
2-4 times 2 
5 times or more 3 

duration of vomiting -
1 day 1 
2 days 2 
3 days or more 3 

nausea 1 1 
abdominal pain 1 1 
abdominal cramps 1 1 
loose or frequent stools in 24hrs 

1-3 times 1 1 
4-5 times 2 2 
6 or more times 3 3 

duration of loose or frequent stools -
1-4 days 1 
5 days 2 
6 days or more 3 

blood in stool 2 2 
mucus in stool 1 1 
head ache 1 1 

maximal score 21 13 
* for comparison consulting and non-consulting CB-study cases 

** for comparison consulting cases CB-study and GP-study cases 

Consulting and non-consulting cases in the CB-study were compared to identify person-
and illness related factors associated with consultation, by a x"-test for categorical 
variables, and by Wilcoxon singed rank test for continuous variables, and logistic 
regression analyses for the multivariate analyses. Selection of variables in the regression 
model was done retrospectively and manually, based on the likelihood ratio. Self-reported 
GP consultations in the CB-study were compared with consultations reported on the 
enumeration forms, and checked retrospectively by the GP based on the patient-record. 
Only consultations that could be confirmed by one or both of the above methods were used 
in the analyses. 

Consulting cases in the CB-study were compared with cases from the GP-study to identify 
factors associated with inclusion of cases by GPs compared to inclusion by the study team. 
In the CB-study, the distribution of variables in the first and second cohort was adjusted to 
the age distribution of the Dutch population [8], The case groups were compared by-
logistic regression. For the regression analyses, study was included as the determinant; and 
age and cohort were included as confounders in the logistic model. In the CB-study. 
consultations were reported in the medical diary, which covered a time-period of four 
weeks starting at the onset of symptoms. Therefore, cases in the GP-study that consulted 
more than four weeks after onset of symptoms were excluded in this comparison (168 
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cases). Also, cases in the CB-study included for the additional criterion in the case-
definition (three or more times vomiting in 24 hours) were excluded (no effect, since none 
of the consulting cases were included for this criterion). A modified severity score was 
used, because not all variables in the original score were available for cases in the GP-
study (table 1). 

The detected pathogens were not included in these comparisons, because this information 
is not known to the case or the GP at the time of consultation and can therefore not 
influence their decision. Nevertheless, the presence of pathogens will differ between the 
case groups because of their relation to symptoms and socio-demographic variables. 
Therefore, we compared the percentages positive for the different pathogens detected in 
cases in the GP-study with the standardized percentages in all cases in the CB-study. For 
the CB-study, results from first and second stool samples are presented (collected on day 0 
and day 7 after the onset of symptoms, respectively), because the median time of sampling 
in the GP-study was 6 days after the onset of symptoms. 

Under-ascertainment of enumeration was measured as the percentage of confirmed 
consultations in the CB-study that were not enumerated. An exact binomial 95% 
confidence interval was calculated. The incidence of gastroenteritis for which a GP was 
consulted was estimated based on the CB-study and the GP-study. For this comparison, the 
incidence in the CB-study was standardized for age and cohort. The incidence from the 
GP-study was corrected for the under-ascertainment. In addition, cases that were and were 
not enumerated were compared, to study whether any systematic selection had occurred. 
Comparison of categorical variables was done by x2-test and continuous variables by 
Wilcoxon signed rank test. 

Results 
Consultations in the CB-study 

In the CB-study, 1052 case episodes were observed. Of these, 774 were included in the 
case-control study and for 646 a medical diary was completed. A GP consultation was 
reported by the patient for 94 gastroenteritis episodes: 82 practice visits and 12 house calls. 
Of these. 61 consultations (55 practice visits and 6 house calls) were confirmed by the GP. 
This corresponds with 9.4% of all episodes, and 5% when standardized for age and cohort. 
Of the 58 consultations that took place in a week for which an enumeration form was 
received, 13 were enumerated, yielding an under-ascertainment of 78% (standardized for 
age and cohort 83%, 95% confidence interval 56%-100%). Additional to the 61 episodes 
for which a practice visit or a house call was made, a telephone consultation was reported 
for 59 episodes, and consultation of another GP was reported for 15 episodes. Telephone 
consultations and consultations of another GP were not included as consultations in the 
analyses. 

71 



Comparison of gastroenteritis cases in a general practice-based study and a community based study 

Table 2. Percentage of cases with a confirmed consultation for gastroenteritis from all cases with a diary in 

the CB-study, by patient- and illness-related variables in the entire episode 

confirmed cases % of cases univ OR 95%-c.i multiv 95%-c.i. 
consul with diary consulting OR 
tation 

total 61 646 9.4 

age in yrs 
0 29 182 15.9 1.0 - 1.0 -
1-4 21 253 8.3 0.5 0.3-0.9 0.5 0.3-0.9 
5-11 7 119 5.9 0.3 0.1-0.8 0.3 0.1-0.8 
12-17 1 15 6.7 0.4 0.0-3.0 0.4 0.0-3.1 
18-64 1 51 2.0 0.1 0.0-0.8 0.1 0.0-0.8 
>65 2 24 8.3 0.5 0.1-2.2 0.4 0.1-2.1 

education 
1-4 6 105 5.7 0.4 0.2-1.1 
5-6 30 247 12.2 1.0 -
7-8 24 288 8.3 0.6 0.4-1.1 

symptoms in entire 
episode (yes versus no) 
fever 40 275 14.6 2.8 1.6-4.9 2.5 1.4-4.4 
abdominal cramps 33 281 11.7 1.6 0.9-2.7 1.9 1.1-3.3 
blood in stool 2 9 22.2 2.8 0.6-13.7 

freq of stools in 24h 
0 1 1 126 8.7 1.0 -
1-3 27 333 8.1 0.9 0.4-1.9 
4-5 14 142 9.9 1.1 0.5-2.6 
6 or more 9 43 20.9 2.8 1.1-7.2 

freq of vomiting in 24h 
no vomiting 22 294 7.5 1.0 -
once 19 131 14.5 2.1 1.1-4.0 
2-4 14 151 9.3 1.3 0.6-2.5 
> 4 6 68 8.8 1.2 0.5-3.1 

severity score 
0-3 6 137 4.4 1.0 -
4-6 19 233 8.2 1.9 0.8-5.0 
>7 36 274 13.1 3.3 1.4-8.0 
Only variables presented for which inclusion in the logistic regression model decreased the log-likelihood 

ratio significantly (p<0.1). 

univ: univariate; multiv: multivariate; freq.: frequency: ci: confidence interval; OR odds ratio 

Comparison of consulting cases and non-consulting cases in CB-sludy 
In the univariate analyses, the age group under one year had the highest consultation rate 
(table 2). In the older age groups, the consultation rate was similar. Cases with an 
intermediate level of education tended to consult more than cases with a high or low level 
of education. A severity score of 7 or more (table 1) was positively related to consultation. 
Individual symptoms significantly related to GP-consultation were fever, a frequency of 
stools of 6 or more in 24 hours, and a frequency of vomiting of once in 24 hours. The same 
tendency, but not significant, was found for cases that suffered from blood in the stool, and 
abdominal cramps. The total duration of the episode was longer for consulting cases 
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(median 12 days) than for non-consulting cases (9 days) (p=0.02). The median duration of 
frequent stools was significantly longer in consulting cases (5.5 days) than in non-
consulting cases (4 days) (p=0.03), as was the median duration for loose stools (6 versus 4 
days, pO.Ol), for abdominal pain (5 versus 2 days, pO.Ol) and for fever (2 versus 2 days, 
p=0.01). Gender, country of birth, degree of urbanisation, region, income, chronic 
abdominal symptoms, abdominal pain, nausea, vomiting, loose stools, mucus in stool, head 
ache, bed rest, and absence from work or school showed no relation to consultation. In the 
multivariate logistic regression model only age, fever, and abdominal cramps were 
independently associated with consultation. 

When considering only the symptoms that occurred before consultation, only fever, and a 
frequency of stools of 6 or more were significantly associated with GP-consultation (not in 
table). The duration of symptoms at the time of consultation (4 days) was relatively shorter 
than the total duration of the episode for non-consulting cases (pO.Ol). 

Comparison of consulting cases in CB-study and cases in GP-study 
Compared to consulting cases from the CB-study, cases from the areas with the highest 
degree of urbanisation were overrepresented in the GP-study, as were cases from the 
western region of the country (table 3). Chronic intestinal disorders (>1 month) were more 
frequent in the GP-study. The median duration of symptoms until consultation was 
significantly longer for cases in the GP-study (6 days) than for consulting cases in the CB-
study (4 days) (pO.Ol). The median value of the modified severity score (table 1) was 
higher for cases in the GP-study (6 versus 4) (pO.Ol). In general, all symptoms were more 
common in GP-study cases than in consulting CB-study cases, except fever and vomiting. 
Significantly more frequent in GP-study cases were mucus in the stool, loose stools and a 
higher frequency of stools. 

73 



Comparison of gastroenteritis cases in a genera] practice-based study and a community based study 

Table 3. Comparison of cases in GP-study and consul! ing cases in CB-study by patient- and illness-related 
variables in the episode until GP-consultation. 

GP-study consu Iting cases in CB- logistic regression 
(n= 710) s tudy (n=61) 

crude crude n crude stand OR uni\ 95%-c.i. 
n % % %** 

age in years n.r. 
0 32 4.5 29 47.5 14.1 
1-4 123 17.4 21 34.4 35.1 
5-11 59 8.4 7 11.5 18.6 
12-17 28 4.0 1 1.6 3.1 
18-64 407 57.6 1 1.6 19.3 
>65 57 8.1 2 3.3 9.8 

urbanisation ***3.0 1.6-5.9 
low 771 10.8 13 21.3 20.3 
intermediate 501 70.6 43 70.5 71.1 
high 132 18.6 5 8.2 8.6 

western region 244 34.4 16 26.2 16.4 2.6 1.1-6.3 
chronic g.i. disorder 147 20.9 2 3.4 9.9 4.9 1.1-22.0 
fever 283 39.9 37 60.7 73.0 0.6 0.4-1.2 
vomiting 300 42.3 36 59.0 52.1 0.7 0.4-1.4 
nausea 430 60.6 22 36.1 40.4 1.0 0.5-1.9 
abd pain 537 75.6 30 49.2 58.3 0.7 0.3-1.5 
abd cramps 544 76.6 32 52.5 68.7 0.7 0.4-1.4 
blood in stool 82 11.5 1 1.6 5.7 6.2 0.8-48.3 
mucus in stool 241 33.9 9 14.8 15.9 4.3 2.0-9.6 
loose stools 702 98.9 54 88.5 92.8 7.6 2.1-26.7 

maxfreq stools p. d.. ***"> 5 1.4-4.3 
normal 121 17.9 14 23.0 10.5 
1-3 stools 77 11.4 21 34.4 58.3 
4-5 stools 162 24.0 15 24.6 20.7 
6 or more stools 316 46.7 1 1 18.0 10.5 
g.i. gastro intestinal (chronic: >1 month); p.d. per day: stand: standardised. OR: odds ratio; ci: confidence 
interval, abd: abdominal 

** study population standardized according to the Dutch population; *** > 
n.r. = not relevant, because these were standardized to be equal 

proportional odds ratio presented 

Pathogens in first and second stool samples in CB-study and in the GP-study 
Bacteria, predominantly Campylobacter, were overrepresented in the GP-study compared 
to first and second samples in the CB-study (figure 1 ). Rotavirus, astrovirus. and SLV were 
more frequent in GP-study cases than in second samples of CB-study cases, while the 
frequency in GP-study cases was comparable to that in first samples of CB-study cases. 
NLV was less frequent in GP-study cases than in first and second samples of CB-study 
cases. Giardia was more frequent in GP-study cases than in first and second stool samples 
of CB-study cases. Cryptosporidium was equally frequent in both case groups. For most 
pathogens, the majority of positive second stool samples were from cases that also had a 
positive first stool sample, with the exception of NLV for which 42% of positive second 
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samples were from cases that did not have a positive first sample. For Giardia lamblia this 
was 20%. 

25 

10 
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H 1st samples pop-study (standardised) 

. aJ .M 

D2nd samples pop-study (standardised) iGP-study 

^median duration ofsymptoms until sampling ofpositive samples in GP-study 

Figure I. Percentage of cases positive for the different (groups of pathogens in first 'and second samples of 

the CB-study (standardized for age and cohort) and in the GP-study. and the median duration ofsymptoms 

until sampling of the samples positive for the different pathogens in the GP-study. 

*bacteria include Salmonella, Campylobacter, Yersinia, Shigella and VTEC 

"viruses include: rotavirus, adenovirus, astrovirus, SLV, NLV 

***parasites include: Giardia lamblia, Cryptosporidium, Cyclospora. Entamoeba histolytica 

Comparison of enumerated cases and non-enumerated cases within CB-study 

A comparison of the 13 consulting cases that were enumerated and the 45 cases that were 

not enumerated showed that cases with frequent stools were less often enumerated (14% 

versus 55%). Furthermore, cases that suffered from nausea were more often enumerated 

(35% versus 13%), and the percentage enumerated increased with decreasing degree of 

urbanisation (urban 0%, urbanised 19%, rural 39%). No significant differences were found 

for other symptoms, age, gender, chronic intestinal symptoms, other chronic illnesses, 

presence ofsymptoms on the day of consultation, house calls versus practice visits, 

severity score, being under treatment of a specialist, number of GP-visits in the past three 

months, and self-reported cause for symptoms. 

Incidence of gastroenteritis for which a GP M'as consulted 

The overall standardized incidence of gastroenteritis in the CB-study was 283 per 1000 

person years. In total, 30 case-episodes were included in the CB-study based on the 

additional criteria of the case definition (at least three times vomiting in 24 hours), none of 

these had consulted a GP. After exclusion of these case episodes, the standardized 

incidence was 276 per 1000 person years, of which 5.2% (9.4% not standardized for age 
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and cohort) reported a consultation that could be confirmed. This results in a standardized 
estimate of the incidence of gastroenteritis presented to a GP of 14 per 1000 person years. 
The incidence in the GP-study, based on the enumeration forms was 5,9 per 1000 person 
years (corrected for list-inflation) [5]. However, adjusting this figure for the standardized 
estimate of under-ascertainment found in the CB-study of 83% (not standardized for age 
and cohort: 78%). generated an incidence of gastroenteritis for which a GP is consulted in 
the GP-study of 35 per 1000 person years. The under ascertainment that could only be 
partially estimated in the GP-study itself yielded a much lower estimate of 15%. by which 
we arrived at the published incidence of 7.9 per 1000 person years [5], 

Discussion 
Consultation behaviour 
After standardization for age and cohort, for 5% of the gastroenteritis episodes a GP was 
consulted, of which 95% were practice visits and 5% house calls. This is lower than the 
estimate of 10% reported for the Netherlands in 1991. the 17% for England, but 
comparable to the 4% for Wales [4.9,10]. A significantly higher consultation rate was 
found in cases under one year of age, cases with fever, and cases with abdominal cramps. 
Also consultation was associated with a high overall severity score and a longer duration of 
symptoms. This is consistent with other studies [11]. The fact that the less than one year 
olds consulted more often than older persons might be explained by the fact that young 
children are subjectively and objectively more vulnerable than older cases. For instance, 
the risk of dehydration as a result of diarrhoea is higher in younger children. As expected. 
severity and duration of the episode were associated with consultation. However, the 
patients did not know the total duration of the episode yet at the time of consultation. Most 
likely, duration of symptoms is related to the severity, which is related to the decision of a 
patient to consult a GP. This is supported by the fact, that after correction for severity, the 
relation between duration of symptoms and consultation was no longer significant. The 
fact that the severity score was associated with the consultation rate shows that a rational 
measure of severity is indicative for consultation. Although studies on hospitalisations for 
gastroenteritis report an important role of social factors, studies on GP consultations 
mostly report the importance of severity and duration of symptoms [12.13.14.15,16]. Our 
results show that the assumption is to a large extent correct that studying cases in general 
practices means studying the more severe cases. 

Comparison of consulting cases in GP- and CB-study 
Cases in the GP-study were more often from areas with a high degree of urbanisation and 
from the western region of the country, than consulting cases from the CB-study. This is 
caused by the fact that in the CB-study. cases from these areas were already under-
represented in the cohort [6] 
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In general, episodes of cases from the GP-study were more severe and longer lasting than 
those from consulting cases in the CB-study, indicating that inclusion by the GP leads to a 
more severe case-population than the overall consulting case-population. Furthermore, 
cases in the GP-study more often suffered from chronic abdominal disorders than cases in 
the CB-study. Because GPs know most of their patients, recruitment of cases for the study-
is influenced by their knowledge of the history of the patient, which might explain the high 
frequency of patients with chronic gastrointestinal symptoms. Additionally, inclusion of 
cases by the GP might have been more exclusive than by the study team. The selection that 
GPs make based on their professional view when including cases might exclude cases with 
gastrointestinal symptoms due to other illnesses and restrict the case group to pure 
gastroenteritis cases. In a study in the US, approximately a quarter of the gastroenteritis 
episodes coincided with respiratory illness [12]. This might be one of the reasons that fever 
was more frequent in CB-study cases than in GP-based study cases. Although the selection 
that GP make when including cases might be a useful one, every GP will have a different 
view, and the selection criteria of the GPs are not clear. Therefore the use of a case 
definition for gastroenteritis in epidemiological studies remains the only method to have a 
good knowledge of the population studied. 

Comparison of the proportion of cases attributable to different pathogens 
In the CB-study, bacteria and viruses were detected less frequently in second stool samples 
than in first. This shows that by sampling after about one week, a proportion of these 
infections will be missed. Since sampling in a GP-based study does not take place until the 
patients consult a GP, which was after a median of six days of symptoms in our study, part 
of the diagnostic deficit can be attributed to the pathogens that were tested for. For 
parasites, the moment of sampling does not seem to influence the detection, which is 
consistent with the fact that parasites are excreted for a long time, but also indicates that 
the proportion of cases that does not start excreting until one week after the onset of 
symptoms is not substantial. However, in the GP-study samples positive for Giardia 
lamblia were submitted after a median of 13 days and therefore, a valid comparison with 
the CB-study should be based on third stool sample (collected after 14 days). Surprisingly, 
for NLV. the detection decreased only slightly in second samples. The fact that a 
substantial amount of cases was not positive for NLV until the second sample indicates 
that excretion of NLV does not always start at the same time as the symptoms. 
For Campylobacter, the proportion in GP-study cases was substantially higher than in CB-
study cases, implying that a large percentage of cases associated with bacterial infections 
consulted a GP. This is consistent with the fact that Campylobacter is associated with 
fever, blood in the stool, and a high frequency of stools [17J, which are all symptoms that 
were found to be related to frequent consultation. NLV was more frequent in non-
consulting cases than in consulting cases. This difference can hardly be explained by the 
late moment of sampling in the GP-study. but indicates that only a small percentage of 
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NLV-related cases consulted a GP. This is consistent with a Canadian study in children 
that also reports NLV as the only viral pathogen detected more frequently in non-
consulting children than in consulting children [18]. The relatively short duration of 
episodes related to NLV. and the fact that it is not related to any of the symptoms for 
which consultations were more frequent, support this [17]. 

For rotavirus and to a lesser extent for astrovirus and SLV. the difference between first and 
second samples was substantial. Considering that the median time of sampling in the GP-
study for rotavirus, astrovirus, and SLV was 3-5 days, both the first and the second stool 
sample in the CB-study should be used for a valid comparison of these pathogens in both 
studies. For astrovirus and SLV no information is available on whether this is a gradual 
decrease or a sudden drop somewhere in the first week. Therefore, for these viruses, a valid 
comparison with the detection in GP-study cases at 3-5 days after the onset of symptoms 
cannot be made. For rotavirus, a sharp decrease in the shedding of the virus was reported 
after 5 days [19]. Since rotavirus positive samples in the GP-study were collected after a 
median of 3 days, a comparison with the first stool sample of the CB-study seems more 
appropriate than with the second, resulting in a similar percentage attributable to rotavirus 
in both studies. This contradicts the results of Waters, who reported a higher percentage 
positive for rotavirus in consulting cases than in community cases [18]. For adenovirus and 
Cryptosporidium, no substantial differences can be seen between CB-study cases and GP-
study cases. 

In general, when studying cases in general practice, Campylobacter and Giardia lamblia 
will be overrepresented. whereas NLV will be underrepresented. For the other pathogens, 
detection rates in general practice can be used as an estimate for those in the community. 
In a study in England. Salmonella and Campylobacter were also clearly more frequent in 
general practice based-cases than in community cases [20]. The underrepresentation of 
NLV in general practices was not found in the English study. This difference might be a 
result of a lower threshold for GP consultation in England. 

Incidence of gastroenteritis for which a GP is consulted 
The incidence of gastroenteritis for which a GP was consulted in the CB-study (14 per 
1000 person years) was lower than that in the GP-study adjusted for the under-
ascertainment measured in the CB-study (35 per 1000 person years). The estimate of 
under-ascertainment in the CB-study might be an overestimate for the GP study, because 
GPs were more involved with the GP-study and therefore probably more alert on 
gastroenteritis. Also, normal practice in general practices might have been influenced by 
the fact that some consulting cases participated in the CB-study, in spite of the fact that we 
focused on not influencing the normal procedure in general practices by not giving any 
curative advise to cases. We should therefore conclude that the estimate of 83% under-
ascertainment of the enumeration is not representative for years before and after the CB-
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study. Although, the 83% is most likely an over-estimate, under-ascertainment did occur. 

A comparison of the incidence of gastroenteritis for which a GP was consulted in the CB-

study (14 per 1000 pyrs) with the crude incidence from the GP-study (5.9 per 1000 pyrs), 

gives an estimate of under-ascertainment of 58%. This might be due to the fact that the 

diagnosis of gastroenteritis by a GP is more exclusive than just the case definition, as was 

mentioned in the previous paragraph. In summary, the incidence of gastroenteritis for 

which a GP is consulted will be between 14 and 35 per 1000 person years, resulting in a 

total of 220,000 to 560,000 consultations for gastroenteritis per year in the Netherlands. 

Conclusion 

In the Netherlands, one in twenty cases with gastroenteritis consults a GP for this illness. 

As expected, consulting cases suffered from more severe gastroenteritis, especially with 

fever and abdominal cramps, and had longer episodes, than non-consulting cases. Besides, 

young children (<1 year of age) consulted more often. Inclusion of patients by the GP 

instead ,of the study team, leads to a selection of even more severe cases in the GP-based 

study and to the inclusion of more cases with chronic intestinal symptoms. In order to 

obtain comparable and complete data from different studies, general practitioners should 

use the case definition more strictly for enumeration and recruitment of cases for the study. 

When extrapolating data from GP-based studies to the community, it should be considered 

that gastroenteritis due to Campylobacter and Giardia lamblia represent a relatively small 

proportion of gastroenteritis in the community, whereas gastroenteritis due to Norwalk-like 

viruses represents a large proportion. 
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Abstract 
Viral pathogens are the most common causes of gastroenteritis in the community. To 
identify modes of transmission and thereby opportunities for prevention, a case-control 
study was conducted and risk factors for Norwalk-like viruses- (NLV). Sapporo-like 
viruses- (SLV) and rotavirus-gastroenteritis were studied. For NLV-gastroenteritis, having 
a household member with gastroenteritis, contact with a person with gastroenteritis outside 
the household, and poor food handling hygiene were associated with illness, with 
population attributable risk fractions (PARs) of respectively 17%. 56% and 47%. For SLV-
gastroenteritis, only contact with a person with gastroenteritis outside the household was 
associated with a higher risk and with a PAR of 60%. For rotavirus-gastroenteritis. contact 
with a person with gastroenteritis outside the household and food handling hygiene were 
associated with a higher risk, with PARs of 86% and 46%. Transmission of these viral 
pathogens occurs primarily from person-to-person. However, for NLV-gastroenteritis 
foodborne transmission seems to play an important role, with an estimated 12-16% of 
infections being attributable to contaminated food entering the household. Strict hygiene 
measures when being in contact with a person with gastroenteritis, and good food handling 
hygiene may prevent an estimated 80% of all NLV-gastroenteritis cases, 60% of SLV-
gastroenteritis cases, and 92% of rotavirus-gastroenteritis cases. 

Introduction 
Recent studies in the Netherlands and other countries have shown that viral infections. 
especially Norwalk-like viruses (NLV). are the most frequent cause of gastroenteritis cases 
in the community, both outbreak-related and endemic [1-8]. The overall incidence of 
gastroenteritis in the Netherlands was estimated at 283 per 1000 persons per year in a 
community-based study in 1999 [3]. NLV was detected in 11% of cases; Sapporo-like 
viruses (SLV) in 2%: and rotavirus group A in 4%. The incidence at general-practice level 
between 1996-1999 was estimated at 14 per 1000 person years, of which 5% was attributed 
to NLV, 2% to SLV, and 5% to rotavirus [2,9]. Although the illness caused by 
caliciviruses is usually self-limiting and relatively mild, the high incidence causes a high 
disease burden. SLV and rotavirus are predominantly seen in the age groups up to 12 
years, whereas NLV-gastroenteritis is seen in all age groups although the incidence 
decreases with age [3], For rotavirus, preventive measures are currently focusing on 
developing vaccines that aim at reducing hospitalizations in cases where the illness is 
complicated by dehydration. For caliciviruses, in spite of their high incidence, not much 
effort has gone into prevention and little is known about preventable routes of infection. 
Although in outbreaks possible transmission routes were identified, such as food products 
or water supplies, in endemic cases, the source is difficult to detect [10,11]. Therefore, we 
conducted a case-control study to identify risk factors that provide leads for prevention of 
endemic cases of viral gastroenteritis due to caliciviruses and rotavirus. 
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Methods 

A community-based prospective cohort study, with a nested case-control study was 

performed in the Netherlands in 1999. The cohort was followed to estimate the incidence 

of gastroenteritis. The nested case-control study was used to identify risk factors and to 

determine the etiology [3]. The study was performed in cooperation with the sentinel 

general practice network of the Netherlands Institute of Primary Health Care (NIVEL). 

The cohort consisted of an age-stratified sample (age groups: 0 yrs, 1-4, 5-11. 12-17,18-64 

and 65+) of persons registered at general practices in this network. Cases with 

gastroenteritis identified in the cohort were included in the case-control study and a 

matched control was selected from the cohort members without gastroenteritis at that time. 

Cases and controls were matched on age, degree of urbanization, region and date of 

inclusion. At the start of follow-up, all persons in the cohort completed a questionnaire on 

demographic characteristics and long-term risk factors (such as food handling practices, 

presence of animals, etc.). Cases and controls included in the case-control study completed 

a questionnaire addressing short-term risk factors in the 7-day period before onset of 

symptoms and submitted stool samples. Cases submitted 4 stool samples (on day 1,8, 14. 

and 21 of the episode), and controls submitted two stool samples (on day 1 and 8 from 

inclusion as a control). Samples were tested for the presence of NLV and SLV by RT-

PCR, and for the presence of rotavirus group A by ELISA, as described elsewhere [3,12-

14]. 

Statistical analyses 

All gastroenteritis cases that tested positive in the first or second stool sample and their 

matched controls were included in the analyses. Gastroenteritis was defined as: three or 

more loose stools in 24 hours, or three or more times vomiting in 24 hours, or diarrhea 

with at least two additional symptoms, or vomiting with at least two additional symptoms. 

Additional symptoms could be abdominal pain, abdominal cramps, nausea, blood in stool, 

mucus in stool, fever, diarrhea or vomiting. 

Univariate analyses were done using McNemar and Bowkers-test for symmetry for 

categorical variables and paired t-tests and Wilcoxon signed rank tests for continuous 

variables. A conditional logistic regression model was used to study the independent 

effects of risk factors with an association in the univariate analyses with a p-value of less 

than 0.10. Selection of variables in the model was backwards manually based on the log-

likelihood ratio, and a significance level of 0.05 was used. 

All risk factors in the questionnaire were studied to have the possibility to generate 

hypothesis on transmission and not merely confirm existing theories. Potential risk factors 

that were studied were: chronic gastrointestinal symptoms, being breast fed, having 

animals in the household (both pets and farm animals), food handling hygiene index (see 

below), method of keeping and heating-up left-overs, presence of household equipment 

(blender, dish washer, microwave, freezer), child in diapers in household, participant or 
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other child in household attending a daycare center or primary school, size of household, 
being pregnant, eating vegetarian, nationality, country of birth of participant and parents, 
being employed, type of house, income, educational level, age and sex. The following 
factors were studied in the week before onset of illness or before inclusion as a control: 
contact with others with gastroenteritis (in and outside the household), swimming or other 
water-related sports, foreign travel, the use of antibiotics, consumption of (raw or well-
done) chicken, pork, beef, organ meat, meat in dough, fish, crab, shrimp, oysters, mussels, 
raw vegetables, salad, fruits, dried fruits, rice, raw milk, ice cream, soft cheeses, runny 
eggs, raw eggs, take-away fast-food, take-away bread rolls, take-away kebab, take-away 
Chinese food, meal services, food from canteen, food from reception, food from barbecue, 
eating out in a restaurant, and contact with farm animals (with or without diarrhea). 
Since the specific variables on food handling in the questionnaires were mainly focused on 
possible risk factors for bacterial gastroenteritis, they were used as indicators of food 
handling hygiene in these analyses. An index was made for food handling hygiene based 
on several indicator variables. Two different scores were developed: one by weighing each 
factor equally, and one optimized using the ß from a logistic model as the weight for each 
factor. NLV-gastroenteritis was used as outcome for optimizing the score, because this was 
the largest group. The following variables were included as indicators: frequency of 
shopping, checking the appearance of product in shop*, checking the packaging for 
damage in shop, following the storage instruction, checking the expiry date, duration of 
keeping eggs*, use of same cutting board for raw meat and other products*, washing of 
cutting board between use for raw meat and other products*, frequency of changing dish 
brush, the scourer* and dish cloth. Factors marked with * were independent indicators in 
the optimized score. 

The effect of food handling hygiene will be the sum of food handling hygiene in the 
household (with lesser hygiene favoring (indirect) person-to-person transmission) and 
foodborne infection by introduction of contaminated food into the household. To estimate 
the effect of the introduction of contaminated food or water into the household separately, 
we estimated the proportion preventable by hygienic food handling by calculating the 
incidence attributable to food handling hygiene among those not exposed to other persons 
with gastroenteritis and divided it by the total incidence of virus-specific gastroenteritis. 
By doing this, we assumed that all persons that reportedly had contact with a person with 
gastroenteritis were infected by this person. Therefore, the estimate will be a conservative 
one. 

Because age was likely to interact with all variables in the model, we constructed a 
separate model for the age group younger than 5 years of age and one for the age group of 
five years and older. This was possible for NLV only, because too few adults were infected 
with rotavirus and SLV. It was not possible to study risk factors for specific genotypes or 
serotypes, because the numbers were too small. 
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Population attributable risk fractions (PAR) were calculated based on the multivariate odds 
ratio's by estimating the incidence attributable to the risk factor and dividing it by the total 
incidence of virus-specific gastroenteritis. The total incidence of virus-specific 
gastroenteritis was calculated by multiplying the proportion positive and the overall 
incidence of gastroenteritis in the cohort. The incidence attributable to the risk factor was 
calculated as the total virus-specific incidence minus the estimated incidence if the risk 
factor was absent, which was estimated by weighing the cases according to their exposure 
status. Exposed cases were weighed as 1/OR of exposure, non-exposed cases as one. All 
incidence-estimates were standardized by age and cohort. Data from the case-control study 
were extrapolated to the entire cohort. 

Results 
Norwalk-like viruses (NL V) 

In total, 152 cases were found positive forNLV, of which 57 in both stool samples, 57 
only in the first sample and 38 only in the second sample. Of the matched controls 7 were 
positive for NLV, but did not have gastroenteritis. The median age of cases was 2 years. 
(Age distribution of cases: 0 yrs: 47 (31%); 1-4 yrs: 60 (39%); 5-9 yrs: 25 (16%); 10-59 
yrs: 12 (8%); 60+ yrs: 8 (5%)). 

NLV-gastroenteritis was independently associated with food handling hygiene, with 
having more than one household member with gastroenteritis (household ge-contact with 
ge), and with having contact with a person with gastroenteritis outside the household (ge-
contact) in the week before the onset of symptoms (table 1 and figure 1). 
For the risk factor "household ge-contact", the risk was slightly higher if the household 
member was a child than if the household member was an adult (5.2 (95% CI 1.8-15.3) 
versus 4.4 (95% CI 2.0-9.6)). Risks were comparable if the household member suffered 
from diarrhea or vomiting. Since not all the variables concerning the characteristics of the 
household ge-contacts could be included in one model because of their strong correlation, 
we chose to include the number of persons in the household with gastroenteritis. 
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Figure 1. Distribution of basic food handling hygiene score in NL V-gastroenlerilis 

cases (n=152) and controls (n=152). (A higher score indicates less hygienic practices.) 
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Table 1. Risk factors for NLV-gastroenterit is, prevalence in cases and controls (152 pairs), univariate and 

multivariate odds ratios (OR), using logistic regression, and population attributable risk fractions (PAR). 
NLV-gastroenteritis %in 

cases 
%in 

controls 
OR 
uni 

95% ci OR 

multi 
95% ci PAR 

Food handling hygiene (score s)* 1.3 1.0-1.5 1.3 1.0-1.7 47% 
Educational level n.i. 
Low 14.3 10.9 1.9 0.9-4.0 
Intermediate 39.5 54.4 1.0 -
High 46.3 34.7 2.2 1.2-3.9 
Participant to dec 30.9 24.7 1.7 0.9-3.3 n.i. 
Household member to dec 23.5 14.5 2.0 1.0-3.9 n.i. 
Household member to prim sch 42.8 33.1 1.6 1.0-2.7 n.i. 
Pets in household 56.3 67.6 0.6 0.4-1.0 n.i. 
Cat as pet 30.5 40.4 0.6 0.4-1.0 n.i. 
Number of household i "nembers 17% 
with ge * * 

None 48.3 85.8 1.0 - 1.0 -
One 25.8 10.0 3.7 1.7-8.0 1.2 0.3-4.2 
More than one 25.8 4.2 13.1 3.9-34.7 10.9 2.0-60.5 
Contact with persons outside 56% 
household with ge ** 

No 32.9 66.5 1.0 - 1.0 -
Yes 37.5 5.3 11.4 4.7-27.3 12.7 3.1-51.8 
Don't know 29.6 28.3 1.9 1.1-3.4 2.5 1.0-6.5 
Consumption offish** 34.6 24.1 1.8 1.0-3.2 n.i. 
Consumption of barbec :ued food** 1.5 6.6 0.2 0.05-1.0 n.i. 
ge- gastroenteritis. dcc=daycare center, prim sch = primary schoo 
confidence interval, n.i. not in final model 

* higher score indicates less hygienic practices, OR for increase of 1 
symptoms (cases), inclusion in study (control). 

uni=univariate, multi=multivanate. c i : 

in the week before onset of 

Univariately, a low or high educational level, living in a household where someone else 
attended a daycare center or primary school, and the consumption offish were positively 
associated with NLV-gastroenteritis. Pets in the household, especially a cat. and 
consumption of barbecued food were negatively associated with NLV-gastroenteritis. 
Attendance to day care and primary school were no longer associated with NLV-
gastroenteritis after correction for household ge-contact. especially if the sick household 
member was a child. Consumption of barbecued food and fish, educational level and pets 
were no longer associated with NLV-gastroenteritis after correction for food handling 
hygiene. 

Food handling hygiene and ge-contact were the factors with the highest impact as 
measured by the PAR (table 1). The population attributable risk fraction for all significant 
risk factors combined was 80%. The PAR for ge-contact and household ge-contact 
combined accounted for 63% of cases. The PAR for the two factors representing 
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transmission in the household combined (hygiene and household ge-contact) was 56%. 

This is much lower than the sum of both PARs. 

For children under 5 years of age. the PAR for hygiene was lower than for persons of 5 

years and older (46% versus 63%). For children younger than 5 years, the PAR for a 

household ge-contact was 27%. However, for persons of 5 years and older, the OR for a 

household ge-contact was reduced to 1.1 when including food handling hygiene in the 

model, resulting in a PAR of only 4%. Both factors (food handling hygiene and household 

ge-contact) combined showed a similar PAR in both age groups (60% versus 65%). The 

PARs for ge-contact were comparable (51% for <5 yr-olds versus 53% for persons of 5 

years and older). 

Use of an optimized food handling hygiene score for NFV-gastroenteritis (based on the 

weighed sum of the separate factors) resulted in a higher estimate of the PAR for food 

handling hygiene (60%). 

An estimate was made of the effect of contaminated food entering the household, by 

estimating the PAR of food handling hygiene, assuming that all cases that had contact with 

a person with gastroenteritis in the week before the onset of symptoms are infected by 

these contacts. Thirty-four pairs were left for the calculation of the OR. The OR for food 

handling hygiene was slightly higher for those not having contact with someone with 

gastroenteritis (1.4 95% CI 0.8-2.2). Based on these assumptions, the estimate of the PAR 

for contaminated food entering the household was 12% of all NTV-gastroenteritis cases. If 

we used the optimized hygiene score, the estimated PAR was 16%. 

Sapporo-like viruses 

In total. 48 cases were found positive for SLV, of which 21 in both samples, 22 only in the 

first sample and 5 only in the second sample. Of the matched controls, two were positive 

for SFV. but did not have gastroenteritis. The median age of SLV-gastroenteritis cases was 

1 year. (Age-distribution of cases: 0 yrs: 19 (40%); 1-4: 21 (44%); 5-9: 4 (8%); 10-68- 4 

(8%)). 

Ge-contact was an independent risk factor for SLV-gastroenteritis (table 2). No association 

was found with food handling hygiene. Univariately, an additional positive association was 

found for a household ge-contact. The PAR for a ge-contact was comparable to that for 

NLV-gastroenteritis (60% and 54%. respectively). 
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Table 2. Risk factors for SL V-gaslroenterilis, prevalence in cases and controls (48 pairs), univariate and 

multivariate odds ratios (OR), using logistic regression, and population attributable risk fractions (PAR). 

SLV-gastroenteritis %in %in OR 95% Cl OR 95% CI PAR 
cases controls uni multi 

household member with ge* 39.6 21.3 2.8 1.0-7.8 n.i. 
contact with person outside hh with 

ge* 60% 
No 25.0 58.3 1.0 - 1.0 -
Yes 29.2 16.7 4.4 1.3-14.9 4.4 1.3-14.9 
Don't know 45.8 25.0 4.1 1.4-11.6 4.1 1.4-11.6 

ge=gastroenteritis. uni=univariate, multi=multivariate. Cl=confidence interval, n.i.: not in final model 
*in week before onset of symptoms 

Rotavirus 

In total. 54 cases were found positive for rotavirus, of which 11 cases in both samples. 41 

cases only in the first, and 2 cases only in the second. None of the matched controls were 

positive for rotavirus. The median age of rotavirus-gastroenteritis cases was 0 years. (Age 

distribution of cases: 0 yrs: 28 (52%); 1-4 yrs: 18 (33%); 5-9 yrs: 3 (6%); 10-72 yrs: 5 

(9%)). 

Rotavirus-gastroenteritis was independently associated with ge-contact and with food 

handling hygiene (table 1 and figure 2). A strong independent negative association was 

found with the presence of a blender in the household. Univariately, a high education level 

was a risk factor for rotavirus-gastroenteritis. as was a household ge-contact. The risk was 

higher if the household ge-contact was a child (OR 5.8, 95% CI 1.3-25.58) than if the 

contact was an adult (OR 4.0, 95% CI 0.5-38.2). The association of a household ge-contact 

disappeared after correction for ge-contact. The association with educational level 

disappeared after correction for food handling hygiene. 
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Figure 2. Distribution of food handling hygiene score in rotavirus-gastroenteritis cases (n=54) and controls 

(n=54). (A higher score indicates less hygienic practices.) 
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The population attributable risk fraction for ge-contact was 86%, for food handling 
hygiene it was 46%. The PAR for both factors combined was 92%. 
Use of the optimized food handling hygiene score resulted in a PAR for food handling 
hygiene of 64% and the PAR for all factors combined of 96%. 

An estimate was made of the effect of contaminated food entering the household, in the 
same way as for NLV-gastroenteritis. The cases of only 10 pairs had not had any contact 
with a person with gastroenteritis. In this group, the OR for food handling hygiene was 1.8 
(95% CI 0.8-3.9), which is higher than in the total group of rotavirus-cases. The estimate 
of the PAR for contaminated food entering the household, based on these assumptions was 
4% of all rotavirus-gastroenteritis cases. 

Table 3. Risk factors for rotavirus-gastroenteritis, prevalence in cases and controls (54 pairs), univariate 
and multivariate odds ratios (OR), using logistic regression, and population attributable risk fractions 
(PAR). 

Rotavirus gastroenteritis %in %in OR 95% CI OR 95% CI PAR 
cases controls uni multi 

hh member with ge n.i. 
No 63.4 91.7 np 
Yes, one 21.3 8.3 
Yes, more than one 14.9 0.0 
Contact with persons with o p 86% 
outside hh 

No 24.1 16.1 1.0 - 1.0 -
Yes 18.5 11.1 6.4 1.5-27.5 12.9 1.2-133.6 
Don't know 57.4 27.8 8.2 2.3-29.0 14.8 1.8-120.6 
Educational level n.i. 
Low 3.7 11.1 0.3 0.0-2.9 
Middle 27.8 42.6 1.0 -
High 68.5 46.3 2.1 0.9-4.6 
Food handling hygiene score** 1.2 1.0-1.6 1.5 1.1-2.1 46% 
Blender in hh 29.6 55.6 0.2 0.1-0.7 0.1 0.0-0.6 
ge=gastroenteritis, hh=household, np=not possible to calculate, uni=univariate, multi=multivariate, 
CI=confidence interval, n.i.: not in final model 
* in the week before the onset of symptoms 

** higher score indicates less hygienic practices, OR for increase of 1 

Discussion 
To our knowledge, this is the first study that describes risk factors for the main three viral 
pathogens causing gastroenteritis and that estimates the effect of these risk factors in the 
population. The main risk factor for NLV-, SLV-, and rotavirus-gastroenteritis was contact 
with persons with gastroenteritis, supporting the hypothesis that these viruses are mainly 
transmitted from person-to-person [10,11], The high population attributable fractions 
indicate that the majority of these infections can indeed be prevented by stopping the 
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spread from symptomatic persons to others. Therefore, additional care to prevent 
transmission during contact with a person with suspected viral gastroenteritis, will 
dramatically reduce the number of viral gastroenteritis cases. 
More surprisingly for NLV and less for rotavirus, food handling hygiene in the household 
was also strongly associated with risk of infection and with a high population attributable 
risk fraction. This indicates that these viruses do not necessarily transmit directly from one 
person to another but use food as a vehicle in a household setting. Hygienic food handling 
procedures can therefore further prevent the infection spreading from one person to another 
[12]. 

The impact of food handling hygiene can be partly explained by food contamination by a 
sick household member preparing the meals. In addition to this, however, food 
contaminated at an earlier step in the food chain may be the source of introduction of the 
infection into the household. Based on our data, a minimum estimate is that 12-16% of 
NLV-gastroenteritis and 4% of rotavirus-gastroenteritis is caused by introduction of 
contaminated food or water. This is lower than the estimate of 40% of NLV infections 
being attributable to food as presented by Mead et al based on data of NLV-outbreaks. 
Their estimate was extrapolated to a community incidence from preliminary NLV-data 
from our community study [8,15]. Clearly, the precise number of community cases of 
viral foodborne infection cannot be derived by this approach. However, we do strongly 
support the conclusion that a considerable proportion of NLV infections may be prevented 
by improving food hygiene. With respect to rotavirus, our estimate of 4% is slightly higher 
than the assumption of Mead et al. that less than 1% of all rotavirus-gastroenteritis is 
foodborne [15]. 

In surveillance systems of outbreaks of NLV. person-to-person spread and food-borne 
spread are reported to be the most common transmission routes [1,8,16]. The relative 
importance of each differs by country, and is strongly influenced by the design of the 
surveillance system. Since the information from outbreaks depends on the detection and 
investigation of these outbreaks, the outbreaks covered in a surveillance system do not 
necessarily represent all outbreaks. Since common-source outbreaks are more easily 
detected or more often investigated, outbreaks with person-to-person transmission are 
probably underrepresented in outbreak-surveillance systems. Our study shows that in 
sporadic cases, direct and indirect person-to-person transmission remain the most 
prominent modes of transmission, followed by food contaminated outside the household. 
Nevertheless, extrapolation of our estimate to the population of the Netherlands (16 
million) suggests that of the total of 650,000 NLV-gastroenteritis cases that occur 
annually, an estimated 80,000 cases are foodborne. which is more than the estimate for 
Salmonella of 50,000 foodborne cases each year out of the total of 55.000 (95% considered 
to be foodborne). 

No specific food products were associated with NLV-gastroenteritis. This is not 
remarkable, because NLV can probably survive on almost all food products that are not 
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cooked before consumption and a very low infectious dose is required as has been 
demonstrated for another naked single stranded RNA-virus, the poliovirus [17]. Since 
NLV cannot be grown in cell culture, little is known about heat inactivation profiles of 
NLV. However, studies for another enteric single stranded RNA-virus with similar 
structure (hepatitis A virus) suggests that heating for 30 seconds at 90 °C will completely 
inactivate viruses present in any food [18]. Most published foodborne outbreaks could be 
traced back to infected food handlers at some point in the production chain, suggesting that 
this is by far the most common source of foodborne infections [8,19,20,21]. Although 
NLV is relatively resistant to inactivation by chemical disinfectants and antiseptics, our 
results suggest that normal hygiene procedures in the household are useful in preventing 
disease. Because of the high transmission rate in households, persons with a household 
member with gastroenteritis are at greater risk of being infected. Since several foodborne 
outbreaks have been reported in which the food handler that had most likely contaminated 
the food, was not symptomatic (yet), it might be useful to make professional food handlers 
aware of their higher probability of being infected when living with a household member 
with gastroenteritis [21]. 

NLV transmission through contaminated water has also been described, but we found no 
relation in our study between exposure to water and NLV gastroenteritis [22,23,24], A 
limitation of our study was that we only measured the risk of infection through recreation 
in water; infection through drinking water could not be measured separately in our study 
design, although it might be covered in the 12-16% attributable to introduction of 
contaminated food or water. 

For NLV, for persons of 5 years and older, the PAR for food handling hygiene and the 
combined PAR for food handling hygiene and a household ge-contact were almost similar. 
Lhe decrease in OR for a household ge-contact to almost one after including hygiene in the 
model, shows that transmission from one ill household member to another occurs almost 
entirely through food in person of 5 years and older. For children, only part of the 
transmission from one person to another in the household is through food handling 
hygiene. Possibly, for young children exposure is very common and a better food handling 
hygiene in the household only prevents a minority of exposure possibilities. 
A large study among households in the United States showed that the proportion of 
rotavirus-infections acquired in the household was higher for adults than for children, 
indicating that children introduce the infection into the household [25], In contrast to 
rotavirus- and SLV-gastroenteritis, NLV-gastroenteritis is not limited to the youngest age 
groups. Fhis could explain why food handling hygiene and having a household ge-contact 
had a higher impact on NLV-gastroenteritis than on SLV-gastroenteritis. For rotavirus and 
SLV, it is possible that undetected asymptomatic infections (not included as cases in this 
study) occur at older age through these routes. 

Living in a household with a child attending a daycare center or primary school was 
univariately associated with NLV-gastroenteritis. However, when correcting for a 
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household ge-contact, especially a child, this association disappeared. This suggests that 
daycare centers and primary schools are the settings where the primary infection in the 
household was acquired. The fact that daycare attendance of the participant was only 
borderline associated with NLV-gastroenteritis. indicates that gastroenteritis acquired at 
daycare centers was less common in our study than secondary transmission in the 
household. 
We could not confirm the association between rotavirus-gastroenteritis and daycare center 
attendance, as has been reported by others [26.27]. A study with a comparable 
methodology in England also did not find this association [28]. This might be due to lower 
daycare center attendance in Europe than in the United States, but we could not find 
comparable data to support this. 
The presence of a blender was protective for rotavirus-gastroenteritis. A possible 
explanation for this unexpected finding could be that a blender reduces the contact of 
hands with the food and thereby the risk of contamination. 

Methodological issues 
The optimized score for food handling hygiene was fitted on the same data for NLV as it 
was used for to estimate the effect of hygiene. This might have resulted in an over-estimate 
for NLV due to the fact that noise is also modeled in the prediction. 
Although all the factors included in the food handling hygiene index are related to food 
handling, we cannot exclude that the index might be a proxy for hygiene as a whole and 
not just related to food handling. 
It was assumed that the relationship between the hygiene score and the risk of NLV-
gastroenteritis was exponential. Although, this is not entirely true, the exponential model 
was a good approximation and enabled us to loose only one degree of freedom. In general, 
these estimates will only be approximations. 
By using a case-control design based on clinical gastroenteritis, it is not possible to 
differentiate risk factors for infection with the virus from risk factors for developing illness 
after infection. Factors that represent long-term exposure might have induced immunity 
earlier in life and subsequent infections might not result in clinical disease [29.30]. As a 
result long-term risk factors might be more difficult to detect in case-control studies, or, if 
the proportion of individuals with immunity is large, even cause a negative association. 
Especially for rotavirus, for which immunity is proven to exist, this might play a role. 
Whether relevant immunity to NLV and SLV is induced is still under debate. 

Conclusion 
Transmission of these viral pathogens occurs primarily from one person to another. 
However our data show that, for NLV. foodborne and waterborne transmission also appear 
to play an important role. Contaminated food entering the household accounted for an 
estimated 12-16% of NLV-gastroenteritis cases. Food handling hygiene was mainly 
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important for persons of 5 years and older with NLV-gastroenteritis and seemed to be the 
mode of transmission for the virus spreading from one household member to another in 
this age group. For children, direct person-to-person contact was the major transmission 
route, probably due to the fact that exposure possibilities are numerous. Our results suggest 
that secondary infections in the household are often related to daycare attendance or 
primary school attendance of one of the household members. For rotavirus-gastroenteritis, 
food handling hygiene did have an impact, but less pronounced than for NLV. For SLV-
gastroenteritis only contact with symptomatic persons was identified as a risk factor. Food 
handling hygiene seems to play a smaller role in SLV-gastroenteritis and rotavirus-
gastroenteritis because symptomatic infections of these viruses occur mainly in young 
children. 
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Abstract 
In January 2001, 231 persons from the staff of an administrative department in The 
Netherlands fell sick with diarrhea and vomiting after a buffet lunch, which was served and 
prepared at a restaurant. Eighteen restaurant employees also reported illness. A 
questionnaire was e-mailed to all staff members of the department and returned 
electronically, and employees from the restaurant were interviewed. Stool samples were 
collected from the staff of the department and from the restaurant and tested for bacterial 
pathogens and Norwalk-like viruses. Analyses of the questionnaires implicated rolls in 
general with the risk of illness increasing with the number of rolls eaten. Investigations 
revealed that the bakery staff had been ill and the baker had vomited in the bakery sink at 
the time of the preparation of the rolls. Norwalk-like virus with an identical sequence was 
detected in the stool samples of the staff of the department, the restaurant, and the bakery. 
Using electronic questionnaires led to considerable timesaving. 

Introduction 
In January 2001, a Municipal Health Service (MHS) was informed that more than 80 
persons from the staff of a large administrative department in The Netherlands had 
reported ill at work that morning with symptoms of diarrhea or vomiting. Two days earlier, 
800 to 900 departmental staff, including the cases, had attended a reception with a buffet 
lunch. The reception took place at a hall of a restaurant, and the food was served and 
prepared by employees from this restaurant. During the day the outbreak was reported, the 
number of reported ill persons increased to more than 200, and a number of employees 
from the restaurant, including food handlers, also reported illness. 

Immediate action was taken by the MHS to investigate and control the outbreak. The MHS 
invited the National Institute of Public Health and the Environment (RIVM) to collaborate 
in the epidemiological investigation. The aim of the epidemiological investigation was to 
find the source of this outbreak and investigate possible modes of transmission of the 
pathogen. The investigation focused on the reception as the place of transmission of the 
infection, because the canteen where the staff of the department had eaten the day before 
the reception was also used by a different department in which there was no unusually high 
number of ill persons. 

Since the development of an RT-PCR for the detection of Norwalk-like viruses, it has 
become clear that these viruses are the major cause of outbreaks of gastroenteritis in The 
Netherlands, especially in the winter season [1]. Many of these outbreaks occur in 
institutional settings, and transmission usually occurs through direct person-to-person 
contact or through vehicles like food or surfaces [2-5], 
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Methods 

Epidemiological investigations 

A list of the food and drinks served during the lunch buffet was obtained. The lunch 

consisted mainly of rolls with a variety of different fillings: cheese, brie, ham, beef, tuna 

salad, salmon salad, egg salad and raisin rolls, and several types of drinks: coffee, tea, 

milk, buttermilk, champagne and orange juice. A questionnaire was designed based on this 

list, to gather information on the clinical picture, time and date of onset of illness, the items 

consumed and the quantity, and possible secondary cases. On the day the outbreak was 

reported, 20 ill and 20 non-ill persons that had attended the reception were asked to submit 

a stool sample. Also, all persons that had handled the food or food products for the lunch 

were interviewed and asked to submit stool samples, as were all other staff from the 

restaurant that had fallen ill. Additional questions were asked regarding food preparation 

and food handling procedures for the lunch. 

Three days after the reception but within 24 hours after the outbreak was reported, an 

Excel-file (Microsoft Corp., Redmond WA, USA) containing the questionnaire was e-

mailed to all approximately 1000 employees of the department. They were asked to 

complete the questionnaire electronically and return it by e-mail. Only employees that had 

attended the reception were asked to complete the questionnaire. The questionnaire 

information was merged and analyzed in STATA 5 (Stata Corp, Texas, USA). Since the 

response of cases was much higher than that of controls, the data were analyzed as a case-

control study, assuming that the controls were a random selection of the non-ill members 

of staff. We first performed a univariate analysis calculating odds ratios for different food 

items and amount eaten, testing for significance with chi-squared tests. We then performed 

multiple regression analyses to control for confounding. A backwards multiple logistic 

regression analysis was performed, at first including all variables in the model. Removal of 

variables was based on the log-likelihood ratio. The final model included all variables that 

attributed to the log-likelihood ratio at a significance level of 0.05. 

Microbiological testing 

The persons that were interviewed handed in stool samples to the regional laborator)' 

where the samples were tested for bacterial pathogens {Salmonella, Campylobacter, 

Shigella, Yersinia and Bacillus cereus). Part of every stool sample was sent to the National 

Institute of Public Health and the Environment (RIVM) to test for viral pathogens. Since 

the clinical picture and the season were indicative for Norwalk-like viruses (NLV), these 

tests were performed first. This was done by Reverse Transcriptase-Polymerase Chain 

Reaction (RT-PCR) and confirmed by hybridization. Genotyping was done by Reverse 

Line Blotting and was confirmed by sequencing of a fragment of the polymerase gene [6]. 
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Environmental investigations 

The Food Inspection Service (FIS) inspected the kitchen of the restaurant and the 
ingredients for the foods served at the lunch. No leftovers from the food could be tested, so 
only samples from the leftover ingredients were taken. These were tested for bacterial 
pathogens at the FIS. 
Mineral water samples were analyzed for the presence of NLV from a bottle opened at the 
time of the outbreak and a sealed bottle from the same batch. 
During the inquiries it turned out that a guest at the restaurant had become ill during a visit 
to the restaurant seven days before the buffet lunch and had vomited in the halls of the 
restaurant. The vomit was cleaned by a member of the kitchen staff and other staff from 
the restaurant had walked through it. The vomiting guest could not be traced. Therefore, 11 
days after the reception, swabs were taken from the location where the guest had vomited 
and tested for NLV. Swabs were dipped in PBS and brushed against the walls and floors. 
For NLV-testing, swabs were diluted in RNA extraction buffer and processed as fecal 
suspensions. 

To control the outbreak the sick food handlers from the restaurant were not allowed to 
work until 48 hours after recovery and general hygiene measures were reinforced by the 
FIS. 

Results 
Within 6 hours of mailing the questionnaires to the staff, 150 completed questionnaires 
were returned and included in preliminary analyses. These preliminary results implicated 
rolls with ham and cheese as possible sources and were communicated to the FIS and 
MHS. By the deadline (10 days after the reception), 505 completed questionnaires had 
been returned. 

Illness 

A case was defined as a member of the departmental staff with diarrhea (3 or more loose 
stools a day) or vomiting within 72 hours after the reception. Among the staff of the 
department, 231 persons reported diarrhea or vomiting on the questionnaires or in personal 
interviews. This corresponds with the estimate of the company physician, and gives an 
overall attack-rate in those attending the reception (800 to 900 employees) of 26-29%. The 
median time from the reception to the onset of symptoms was 31 hours (figure 1). Most 
cases (76%) reported both vomiting and diarrhea, 12% reporting just diarrhea and 12% just 
vomiting. Of the 231 cases, 141 reported to be recovered at the time of completing the 
questionnaire. Among these, the median duration of symptoms was 2 days. There was no 
difference in age or gender between cases and non-cases (median age for both 39 years; 
cases 43% female, non-cases 47% female). 
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Figure 1. Epidemic curve showing number of cases of diarrhea or vomiting among departmental staff and 

restaurant employees following a buffet lunch, by date and time of onset. The Netherlands, January 2001. 

Food preparation 

The rolls had been filled in the morning of the reception with fillings prepared in the 

restaurant the day before. The rolls had been baked and also sliced by the bakery staff. All 

ingredients for the fillings were factory-packed or canned. 

Of the 8 food handlers, 5 reported ill. The first case among the food handlers became ill 6 

hours after the reception. Among the staff of the restaurant not involved with food 

handling, 13 became ill, of which 2 before the reception (2 days and 1 day before). These 

two were not willing to submit a stool sample. 

Exposure 

Univariate analyses of exposure information showed a significant positive association of 

disease with the consumption of champagne, and rolls with salmon salad, tuna salad, ham 

and cheese (table 1). Additionally, an increased risk was found with an increasing number 

of rolls eaten. A multivariate model showed a clear association of illness with the number 

of rolls eaten. Each additional roll was associated with a doubling of the risk. Raisin rolls 

were negatively associated with risk. Coffee also seemed negatively associated with risk. 
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Table 1. Consumed foods and drinks among ill and non-ill respondents attending the reception, numbers and 

percentages, odds ratios, univariate and multivariate based on logistic regression. 

Number ill number of ORuniv. 95% CI OR 95% CI 

(%) non-ill (%) multiv 
(n=231) (n=274) 

coffee 5(2) 17(6) 
tea 5(2) 9(3) 
milk 66 (29) 66(24) 
butter milk 35(15) 39(14) 
orange juice 122 (54) 137(50) 
champagne 122(54) 1 15 (42) 
cheese 1 10(52) 110(42) 
brie 36(16) 40(15) 
ham 80(38) 76 (29) 
beef 53 (23) 55(20) 
tuna salad 89(40) 80(29) 
salmon salad 20(9) 12(4) 
egg salad 65 (29) 62 (23) 
raisin roll 77 (34) 101 (37) 
number of rolls* 
0 0(0) 19(7) 
1 25(12) 55(21) 
2 89 (44) 109(42) 
3 67(33) 67 (26) 
4+ 21 (10) 11(4) 

0.3 
0 

1-0.9 

2-2.0 

9-1.9 

7-1.8 

8-1.6 

1-2.3 

1-2.2 

7-1.8 

0-2.2 

8-1.9 

1-2.4 

0-4.5 

9-2.1 

6-1.3 

6-2.4 

0.4 

0.5 

2.0 

0.1-0.8 

0.3-0.8 
1.5-2.5 

number of rolls was included in the logistic regression model as a continuous variable 

Microbiological analysis 

Bacterial analyses of the food items were all negative. NLV was not detected in the 
environmental samples of the restaurants, nor in the mineral water samples. 
Bacterial analyses of stool samples and foods were all negative. However, the majority of 
stool samples of ill persons from the department as well as from the restaurant was positive 
for NLV (10/11 and 14/16 respectively) (table 2). All ten cases whose samples were also 
sequenced were infected with the same strain of NLV, which was different from all 
available NLV-polymerase sequences in the RIVM-database (n>l 100) and in the genbank. 
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ill 11 10(4) 

not ill 12 0 

ill 7 6(5) 

ill 4 4(1) 

ill 4 3(0) 

not ill 1 1(0) 
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Table 2. Results ofNL V testing of stool samples of staff from the department and the restaurant, January 

2001. 

nr. of nr. NLV pos 

samples (nr sequenced*) 

staff department 

food handlers 

other staff restaurant (not eaten food from reception) 

other staff restaurant (eaten food from reception) 

nr. = number 

* all sequences were identical 

Further investigations based on the results 
Because the analyses of exposure data revealed that several rolls were associated with 
illness as were rolls in general, it was unlikely that a specific filling was contaminated with 
NLV. The food handlers all reported becoming ill after the reception. This suggested that 
the rolls were contaminated before arriving at the restaurant. Therefore, the bakery that 
supplied the sliced rolls was traced and its staff interviewed. The baker reported to have 
been ill at the time of the preparation of the rolls. He became ill on the night two days 
before the reception but nonetheless went to work. He vomited in the bakery sink on 
arrival at the bakery on the morning he baked the rolls, but reported to have disinfected the 
sink with chlorine. After that, he started preparing and baking the rolls on the two days 
until the reception, but had little physical contact with the rolls. The baker took the baking 
tray with the baked rolls out of the oven and placed it on a counter. His staff took the rolls 
from the tray, sliced them, and put them in the transport crates. The slicing was done on the 
day before the reception and the morning before the reception. The raisin rolls were 
prepared and baked separately from the other rolls, in the night and morning before the 
reception. The baker reported not to have taken any additional hygiene measures because 
of his illness, apart from disinfecting the sink in which he vomited. All three persons that 
had helped slice the rolls became ill on the day of the reception. Fifteen days after the 
reception, stool samples were collected from the baker and two of the staff that had sliced 
the rolls. They all tested positive for NLV and the sequence was identical to that found in 
the cases of the department. The NLV in the stools of the other staff could not be 
genotyped, because the PCR-product was not pure enough. 

Discussion 
This large outbreak of NLV-gastroenteritis was most likely caused by a single person. Our 
results emphasize that improper hygiene during food preparation can result in illness in 
hundreds of cases. 
This investigation also illustrated that electronically administered questionnaires can result 
in a significant improvement of the efficiency and timeliness of the outbreak investigation. 
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Since NLV were detected in almost all ill persons who submitted samples and the viral 
sequences were identical for cases and the baker. NLV is considered to be the causing 
pathogen of this foodborne outbreak, most likely attributable to contamination of rolls by 
the baker. 

The strain of virus detected (a genogroup II strain) had not been detected previously in The 
Netherlands. Surveillance of gastroenteric viruses in The Netherlands suggest that several 
outbreaks of the same virus strain occurred in the six months following this outbreak, 
raising the possibility of this outbreak being a seeding event. 

Statistical analyses implicated rolls as the vehicle by which the virus spread and that 
consumption of rolls led to the infection in staff of the department. The negative 
association of raisin rolls with illness, suggests that these were not contaminated, which 
might be due to the fact that they were prepared a day later than the other rolls. The 
infection of the staff of the restaurant was probably partly caused by handling or 
consumption of infected rolls and partly by person-to-person spread. Although secondary 
transmission might also have accounted for cases among the departmental staff, it is not 
likely that this was a route of importance in the cases included in the analyses, since 93% 
of cases reported onset of symptoms between 15 and 50 hours after the reception, which is 
the incubation period for NLV [7]. Furthermore, most cases stayed home during illness and 
will therefore not have spread the infection at work. This is supported by the shape of the 
epidemic curve which strongly suggests a point source. 

On epidemiological grounds, it is most likely that the source of infection lies at the bakery. 
All food handlers at the restaurant reported illness after the reception. The baker was ill 
when preparing the rolls and might have contaminated the bakery when vomiting in the 
sink. Although the sink was cleaned with chlorine, it has been shown before that NLV are 
relatively resistant to environmental disinfection [4]. Contamination of the rolls may have 
occurred directly from contaminated hands of the baker or his staff. However, the baker 
had little physical contact with the rolls and the staff became ill after the preparation. 
Therefore, it is likely that contamination of the rolls may have occurred through 
contaminated surfaces or implements. It has been argued that it is likely that enormous 
amounts of viral particles can be disseminated during vomiting, and can spread over 
considerable distances and be detectable for months on surfaces [3,7]. However, 
presymptomatic shedding of the virus by cases cannot be ruled out and has been described 
previously [2]. It is also difficult to exclude the possibility that food handlers from the 
restaurant might have infected the rolls in a presymptomatic stage of their illness. 
However, spread of the virus is much more likely from symptomatic cases, since excretion 
is likely to be higher and hygiene is harder to maintain when suffering from diarrhea or 
vomiting. Furthermore, it is likely that food handlers from the restaurant became infected 
with this strain from the rolls, whereas it is not likely that the bakery staff were infected 
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with the same genotype of NLV and not be otherwise linked to the outbreak. The only 
indication that the pathogen was already circulating in the restaurant before the delivery of 
the rolls is that there were 2 cases reporting illness during the previous weekend. However, 
no stool samples were submitted and it is likely that these were background infections of 
an unrelated pathogen. 

The bakery staff works according to the general hygiene code for bakers in the 
Netherlands, and regular checks were performed by the FIS. The fact that such a large 
outbreak can be caused by the illness of a single food handler, implies that current hygiene 
measures are not sufficient or are not sufficiently complied to to stop transmission of NLV. 
Vomiting is not mentioned explicitly in the hygiene code and might not be recognized as a 
symptom of a food-transmittable disease. Reports by the FIS on causes of foodborne 
outbreaks show that in the majority of foodborne outbreaks growth of the pathogens on the 
food is associated with mismanagement in temperature [8], This might be true for bacterial 
infections. However, because NLV do not grow in food, different actions pose a risk. In 
winter months, foodborne infections with NLV are very common and more 
information/education to food handlers might be necessary to prevent these outbreaks in 
the future. 

The possibility of using electronic questionnaires and reaching all exposed through the 
intranet of the department made it possible to have the first results within hours and final 
results within days. These quick results allowed rapid formulation of new hypotheses and 
the possibility to trace the baker while he was still shedding and advise him, on how to 
prevent further contamination of the bread. 
Contacting exposed persons at the office, posed the risk of missing cases that were absent 
from work due to their illness. However, NLV is a short-lasting illness and most persons 
will have returned to the office within the 10 days after the onset of the outbreak. 
This outbreak demonstrates how NLV can very easily cause large outbreaks of disease, yet 
how use of modem epidemiological, technological and virological techniques can find the 
source of contamination rapidly and shed light on the epidemiology of this agent. 
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Abstract 

The development of a vaccine against rotavirus (RV) infection has necessitated the 

estimation of the number of hospitalizations for RV infection in the Netherlands. During 

1998, pediatricians have reported all hospitalizations withRV infection and supplied 

information on the duration of admission, clinical picture, indication for admission, and 

treatment. Also, data from the National Disease Registry on hospitalizations for 

gastroenteritis (International Classification of Disease codes 006.6. 006.8,009. and 558.9) 

and laboratory surveillance data for 1996-1998 were combined in a linear regression model 

to indirectly estimate the incidence and proportion of hospitalizations attributable to RV 

infection. The direct estimate of admissions for RV infection in children aged <5 years was 

0.9 per 1000, and the indirect estimate was 2.7 per 1000 in 1998(1996,3.4; 1997, 1.6). The 

proportion of hospitalizations for gastroenteritis attributable to RV ranged from 32% in 

1997 to 58% in 1996. 

Introduction 

Rotavirus (RV) is a major cause of severe gastroenteritis, mainly in young children. One 

third of all hospitalizations for diarrhea worldwide are estimated to be attributable to RV 

infection and an estimated 870,000 deaths per year [ 1 ]. Although in industrialized countries 

the mortality due to RV infection has decreased in the past decades, the disease burden 

remains high because of high morbidity and high numbers of patients requiring 

hospitalization. Some deaths from diarrhea still occur, especially in children aged <1 year 

[2]. 

To control RV illness, several RV vaccines have been developed in the past years, and one 

tetravalent rhesus RV vaccine was approved by the US Food and Drug Administration. 

However, this was withdrawn from the marketin the summer of 1999 because of the 

possible adverse event of intussusception [3]. In the Netherlands and other European 

countries, the implementation of RV vaccination is still under debate. For this discussion, 

data on disease burden are crucial. For a well-founded cost-benefit analyses, we reviewed 

available data concerning incidence and disease burden of RV infection in the Netherlands 

and concluded that information on hospitalization rates was lacking [4]. To fill this gap, a 

1-year surveillance program on hospital admissions for RV infection was started in 1998 in 

cooperation with the Dutch Pediatric Surveillance Unit (NSCK). In addition, hospital 

discharge data were obtained from the National Disease Registry, and data on RV 

diagnostics were collected from a passive laboratory-based reporting system. Combined 

data from these 3 surveillance systems were analyzed in order to estimate the disease 

burden of hospital admissions for RV infection in the Netherlands and to provide 

information for cost-benefit analyses of RV vaccination. 
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Methods 

The NSCK 

TheNSCK has a surveillance system for a variable set of diseases in hospitalized children. 

Hospital admissions for RV infection were included in this system from 1 January 1998 

through 31 December 1998. All pediatricians receive monthly notification cards from the 

NSCK to report all children aged <15 years that meet the various case definitions; recorded 

data include the patients' initials and date of birth. For our study, the National Institute of 

Public Health and the Environment (RIVM) received a copy of all reports of admission for 

RV infection and sent a questionnaire to the notifying pediatrician. The questionnaire asked 

for information on the duration of admission, the duration of illness, the indications for 

admission, the clinical picture, treatment, and other microbiological tests that were 

performed. Questionnaires were completed after the patient was discharged. If the 

pediatrician was not prepared to complete the questionnaire, a letter of discharge with the 

name of the patient removed was sent to our institute as an alternative. The case definition 

used was as follows: children aged <15 years hospitalized with amicrobiologically 

confirmed RV infection; this included children admitted for RV infection as well as 

children with nosocomial RV infection. All different methods of testing for RV that were 

used by the hospitals were accepted. No change in the diagnostic practices of pediatricians 

was requested. In both 1997 and 1998, 9 1 % of all weekly cards, addressing the reportable 

diseases of that year, were returned to the NSCK by the pediatricians [5]. 

Hospitalization data 

The National Disease Registry collects data on all hospital discharge diagnoses from all 

hospitals in the Netherlands. Hospitalizations with a primary or any of the secondary 

diagnosis coded with International Classification of Disease (ICD) codes 001-009 and 558 

according to the ninth revision of the ICD [6] for the period 1996-1998 were obtained for 

analyses. An unlimited number of secondary diagnoses is registered. An ICD code specific 

for gastroenteritis caused by RV (008.61 ) is available, but it is not widely used in the 

Netherlands. 

Laboratory surveillance data 

In the Netherlands, 17 virological laboratories reported the number of samples that tested 

positive forRV on a weekly basis. These laboratories provide the majority of virological 

testing in the Netherlands, and the laboratories primarily focus on hospitalized patients. An 

estimated 92% of samples positive for RV were taken from children aged <5 years [4]. A 

separate surveillance system of bacterial pathogens, including Salmonella and 

Campylobacter, provided weekly data on positive results from regional public health 

laboratories, covering 55% of the Dutch population [7]. 
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Statistical analyses 
Data from notification cards and questionnaires submitted by pediatricians were entered in 
Epi-Info version 6.0IB (USD, Stone Mountain, GA) and analyzed in SAS version 6.11 
(SAS, Cary, NC). First, a description was given of children notified by the pediatricians in 
the NSCK surveillance system. Data on clinical picture and treatment were presented only 
for children for whom a completed questionnaire was available. By use of census data on 
age distribution from the Central Bureau of Statistics, a direct incidence of hospitalizations 
for RV infection was calculated for children aged 0-4 years, as reported by the pediatricians 
[8,9]. 

We compared weekly laboratory surveillance reports of RV and the weekly number of 
hospitalizations for gastroenteritis as registered by the National Disease Registry by linear 
regression to estimate the proportion of hospitalizations for gastroenteritis attributable to 
RV. We constructed a linear regression model (Y = a + bX) that best estimated the number 
of admissions for gastroenteritis (Y) assuming a constant number of admissions attributable 
to other factors than RV infection (a) and a constant scaling factor (b) for the number of 
RV-positive laboratory samples (X). The constant a and scaling factor b were estimated by 
fitting the model [10-12]. The number of admissions attributable to RV infection was the 
scaling factor (b) times the number of positive laboratory results (X) per week. Dividing this 
by the total number of hospitalizations (Y) gives the percentage attributable to RV infection. 
The analyses were restricted to admissions of children aged <5 years because older children 
are barely covered by the laboratory surveillance data. The analyses were done separately 
for admissions with primary diagnoses gastroenteritis and for primary or secondary 
diagnoses gastroenteritis; and for admissions with ICD codes related to an infectious viral 
or unknown agent (ICD codes 008.6-009.3), ICD codes related to identified nonviral agents 
(ICD codes 001-008.5 and 558.1-558.2), and ICD codes for an unknown noninfectious 
origin (ICD code 558.9). 

If the correlation coefficient of admissions for a group of ICD codes and the laboratory 
surveillance data was lower than 0.4, this group of ICD codes was not included in the final 
regression model. The weekly number of laboratory results positive for Salmonella and 
Campylobacter were included in the analyses to account for the most important bacterial 
causes. Unfortunately, no distinction could be made by age group in these data. For 
calculation of the indirect incidence by use of the estimate from the model, the same census 
data on age distribution were used [8,9]. 

Because in general the biases are likely to outweigh the random error, conventional 
confidence intervals would not provide a reliable indicator of uncertainty, and therefore are 
not presented. 
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Results 
The NSC'K surveillance in 1998 
In 1998, 1103 hospitalizations with RV infection were recorded by the pediatricians 
participating in the study. Additional information was received at the RIVM for 82.6% (911 
of 1103) of children with RV infection, 56.6% (« = 624) by questionnaire and 26.0% (n = 
287) by letter of discharge. Of all hospitalizations for which additional information was 
available, 86.6% were admissions for RV infection and 13.4% were nosocomial RV 
infections. 
A clear seasonal distribution was observed, with a maximum number of cases in February. 
Most hospitalizations were reported in the first quarter of 1998. In the first quarter, a higher 
percentage of admissions for RV was reported (88%) than of nosocomial RV (74%; x , 

P=.01). 
A smaller percentage of children admitted for RV infection (29%) was aged <1 year than of 
children with nosocomial RV infection (66%; table 1). There were more boys than girls 
admitted for RV infection. This was more pronounced for nosocomial RV infection than for 
admissions for RV infection. 

Table 1. Age distribution in children with rotavirus infection indifferent admission groups. 

admissions for RV nosocomial admissions with no 
(n=789) RV infection additional information 

(n=122) (n=185) 

Age group* 
0-2 m 26 3.3 27 22.1 16 8.6 
3-5 m 42 5.3 19 15.6 22 11.9 
6-11 m 159 20.2 35 28.7 44 23.8 

subtotal 0 years 227 28.8 81 66.4 82 44.3 

i y 293 37.1 23 18.9 56 30.3 

2y 127 16.1 12 9.8 22 11.9 

3y 69 8.8 1 0.8 7 3.8 
4y 35 4.4 2 1.6 10 5.4 

subtotal 0-4 y 751 95.2 119 97.5 177 95.7 

> 5 y 38 4.8 3 2.5 8 4.3 

gender* 
boys 398 54.5 66 60.6 
girls 332 45.5 43 39.4 - -
RV: rotavirus 
*For 14 children the gender was missing and for 72 children age was missing. 

Almost all children admitted for RV infection suffered from diarrhea (95%), vomiting 
(88%), and dehydration (85%). Weight loss was less common (46%). Most children for 
whom we have questionnaire information were rehydrated orally or through a stomach tube 
(58%), or they received a combination of oral and iv rehydration therapy (24%). In total, 
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37.0% of all children admitted for RV infection received iv rehydration therapy. Plasma 
volume expanders were administered to 1.7% of patients. The median duration these 
therapies was as follows: oral rehydration, 2 days; iv rehydration, 3 days; and treatment 
with plasma volume expanders, 2 days. 
The median duration of hospital stay for children admitted for RV infection was 3 days 
(mean, 4.0 days; range, 1-41 days). One 10-month-old boy admitted for RV infection (with 
the indications of diarrhea, vomiting, and suspicion of sepsis) was admitted to the intensive 
care unit for 3 days of his 7-day stay. Ninety-two percent of children admitted for RV 
infection were released within a week. The median duration of illness before admission for 
children admitted for RV infection was 3 days (mean, 3.7 days; range, 0-37 days). Ninety-
one percent of admissions took place in the first week of illness. At discharge, 95% of the 
children were recovered and 5% had residual symptoms, mainly diarrhea. No deaths were 
reported. 

Direct incidence, based on NSCK surveillance data 
The number of children aged 0-4 years in the Netherlands on 1 January 1998 was 969,367 
[9]. Under the assumption that the distribution of admissions for RV infection and 
nosocomial RV infection was the same for hospitalizations with and without additional 
data, the estimated number of admissions for RV infection of children aged <5 years was 
907 (incidence, 0.9 per 1000 person-years), of nosocomial RV infection 140 (incidence of 
0.1 per 1000 person-years), and of all notified hospitalizations with RV infection 1047 
(incidence of 1.1 per 1000; incidence per 100 for children aged <1 year, 1.7; for children 
aged 1 year, 1.6; for children aged 2-4 years, 0.9). 

Hospital discharge diagnoses and laboratory surveillance 
The majority of registered hospitalizations for gastroenteritis in children aged <5 years 
were coded as gastroenteritis caused by an unknown infectious or viral agent (40-42%) and 
gastroenteritis caused by an unknown noninfectious agent (52%; table 2). The distribution 
of the different codes remained almost constant over the years, but the number of 
hospitalizations decreased. 

Table 2. Number of positive laboratory results and registered hospitalisations for gastroenteritis by group of 

ICD-codes. 

pos. lab infectious, viral or unknown unknown non-infectious identified non-viral agents 
results agent 

(008.6-009 3) 
(558.9) (001-008.5,558.1-558.2) 

prim. sec. prim. sec. prim. sec. diagnosis 
diagnosis diagnosis diagnosis diagnosis diagnosis 

1996 1395 2318 640 3023 821 413 137 
1997 663 2024 600 2547 782 354 135 
1998 1088 2094 455 2480 714 282 9 
prim: primary'; sec: secondary 
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The ICD codes for noninfectious gastroenteritis (558.9) and gastroenteritis caused by an 
infectious viral or unknown agent (codes 008.6, 008.8, and 009) followed the seasonal 
distribution of RV infection (figure 1 ). The ICD codes for gastroenteritis caused by an 
identified nonviral agent (codes 001-007, 008.0-008.5,558.1, and 558.2) showed no 
seasonal distribution, and the correlation coefficient of this group with the laboratory 
surveillance data was only 0.03, although that value is significant (P = .04). Therefore, this 
group of ICD codes was not included in the estimation of the number of hospitalizations for 
RV infection. Inclusion of the laboratory surveillance data for Salmonella and 
Campylobacter had no effect on the correlation coefficients, nor did the regression 
coefficients differ significantly from zero. Therefore, these bacterial data were excluded as 
well. 
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Figure I. Seasonal distribution of registered hospital admissions with different International Classification of 

Disease code groups and number of laboratory samples positive for rotavirus (R V) in the Netherlands, 1996-

1998, by week. 

The following linear regression models were calculated. First, we calculated a model 
including admissions with primary diagnoses for viral or unknown origins for children aged 
<5 years: 

2 Y = 2 (61.1+2.85 2 X ) (r2= 0.85) 

Second, we calculated a model including secondary diagnoses: 

2 Y|= 2(44.8 + 2.38 I X , ) (r= 0.88) 

In these models, Y is the number of admissions, X is the number of RV-positive laboratory 

results, and i is the week number. 
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On the basis of these regressions models, a predicted number of hospitalizations forRV 
infection was calculated per week (figure 2). By this approach, in 1998, the winter peak in 
hospitalizations for gastroenteritis was almost entirely attributable to RV. Outside the 
winter peaks, there were hardly any hospitalizations attributable to RV. The seasonal 
pattern was similar when including secondary diagnoses. 
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Figure 2. Number of laboratory test results positive for rotavirus (RV); number of hospitalizations in for 

gastroenteritis (GE), as noted in the hospital registry (matching International Classification of Disease codes 

008.6-008.8, 009, and 558.9); and estimated number of admissions for RV infection (primary) inthe 

Netherlands, 1996-1998, byweek. Lab, laboratory. 

Indirect incidence and percentage of hospitalizations attributable to R V, based on linear 
regression models 

In 1996 and 1997, the number of children aged 0-4 years in the Netherlands was 980,906 
and 971,065, respectively [8,9]. The incidence of admissions forRV infection was the 
highest for children aged 1 year (table 3). The percentage of hospital admissions for 
gastroenteritis attributable to RV was 58% in 1996, 32% in 1997, and 53% in 1998 
(average, 48%). The incidence of all hospitalization with RV infection (primary and 
secondary diagnoses) was 4.1 per 1000 in 1996,1.9 per 1000 in 1997, and 3.2 per 1000 in 
1998. The percentage accounted for by children aged <1 year was higher for all 
hospitalizations of children aged<5 years with RV infection (30.5%) than for admissions 
for RV infection alone (26.9%). Children inthe other age groups accounted for the 
following percentages of all hospitalizations with RV infection: aged 1 year. 33.3%; aged2 
years, 20.7%; aged 3 years, 9.5%; and aged 4 years, 6.0%. 
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Table 3. Number of estimated admissions with primary diagnosis for rotavirus by age group 

1998 1996-age in 1996 1997 

for rotavirus by age group 

1998 1996- 1998 
months % n inc per n inc per n inc per % 

1000 1000 1000 
pers. pers. pers. 

0-11 893 4.7 424 2.2 696 3.6 26.9 

12-23 1158 5.9 550 2.9 903 4.7 34.9 

24-35 725 3.7 345 1.8 566 2.9 21.9 

36-47 335 1.7 159 0.8 261 1.3 10.1 

48-59 209 1.0 99 0.5 163 0.8 6.3 

total 3320 3.4 1577 1.6 2589 2.7 100.0 

Population in denominator derived from census data [12,13] 

Discussion 
The direct incidence based on the reports of pediatricians was 0.9 per 1000 person-years for 
admissions for RV infection and 1.1 per 1000 for all hospitalizations with RV infection for 
children aged <5 years in 1998. In 1998, the indirect incidence based on the linear 
regression model was 2.7 per 1000 person-years for admissions for RV infection and 3.2 
per 1000 for all hospitalizations with RV infection. Both estimates of the incidence are 
lower than the incidences found in most other countries. In England and Wales, the 
incidence of primary diagnoses was estimated at 5.2 per 1000 from May 1993 to March 
1994 [10], in Australia 7.5 per 1000 in 1993-1996 [11], in Hungary 8.4 per 1000 in 1993-
1996 [13], and 8.7 per 1000 in New South Wales, Australia, from 1991 to 1993 [12]. The 
incidences reported for Sweden (3.7 per 1000) [14], the United States(2.8 per 1000) [2,15], 
and Spain (2.5 per 1000) [16] were similar to our estimate. These differences are likely 
partly due to differences in the admission policy for children with acute gastroenteritis. For 
instance, in England, the number of consultations at general practitioners for gastroenteritis 
is higher than in the Netherlands, which may imply that the health care system is more 
easily accessible than in the Netherlands [17,18]. Another factor is the differences in the 
intensity of RV activity in the different years of study by different countries. In the 
Netherlands, the estimated incidence in 1996 was twice as low as in 1997. 
Although several groups have used the linear regression approach combining laboratory 
data and hospital registration data to obtain estimates for the incidence of hospitalizations 
for RV infection, there are some limitations of this approach that should be addressed [10-
12,16]. First the linear regression method is based on a number of assumptions. If RV is 
not the main pathogen responsible for the winter peak in hospitalizations in young children, 
this method will overestimate the percentage of hospitalizations attributable to RV 
infection. Several studies have shown, however, that among the pathogens for which 
routine testing is available, RV is the main pathogen responsible for the winter peak in 
hospitalizations of children aged <5 years [19,20]. The proportion of children admitted for 
gastroenteritis that is attributable to RV ranges between one-third and two-thirds in 
different developed countries and in different years [ 10,11,13,21 -23]. The range in this 
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percentage based on the regression analyses for the Netherlands (32%-58%) is similar to 
the percentages reported for other countries. The fact that these percentages are also similar 
to percentages based on epidemiological studies among hospitalized patients supports the 
validity of the regression method [24-28]. Furthermore, it is assumed that the number of 
admissions for RV infection is a constant multiple of the number of positive laboratory 
samples in the surveillance system. It is possible that less microbiological testing is 
performed in winter because the clinical picture, the age of the child, and the season are 
sufficient indication for the diagnosis of RV infection. On the other hand, testing for RV 
infection might be requested less often in summer because of the low likelihood ofRV 
infections in summer. These 2 effects might counterbalance each other. 
Because the coverage of the laboratory data is not known exactly, we could not differentiate 
between hospitalized patients and outpatients. Nevertheless, there is no indication that the 
proportion of samples originating from hospitalized patients changes over the years, so no 
bias is suspected as a result of the assumption of a constant multiplication factor. 
The directly estimated incidence in children aged <5 years of admissions for RV infection 
(0.9 per 1000) was only 34% of the indirectly estimated incidence for 1998 (2.7 per 1000). 
This could be due to the underreporting of the pediatricians in the NSCK surveillance 
system. The 9% nonresponse, as reported by the NSCK, covers only part of the total 
nonresponse, because the receipt of a reporting card does not mean it was properly 
completed. An analysis of reports of whooping cough found that the NSCK response rate 
was 43% [29]. The relatively high incidence of hospitalizations with RV infection could 
have led to a lower response rate, especially because the NSCK usually restricts 
surveillance to rare diseases. Several pediatricians have actively indicated that they are not 
prepared to notify the NSCK of their patients' hospitalizations with RV infection because 
of the heavy workload related to the RV infection surveillance. Further, the restriction of 
the case definition to microbiologically confirmed RV infections has also limited the 
number of notified hospitalizations. The fact that the estimate of the NSCK data (1103 
hospitalizations in 1998) is close to the number of positive samples in the laboratory 
surveillance (1088 positive results in 1998) supports ahigh coverage of hospitalized 
patients in the laboratory data. This assumption is supported by the fact that the laboratories 
included in the laboratory surveillance are hospital-based, and only virological data from 
laboratories that have no virological department but only some standardized virological 
tests are missed. This could imply that only one third of patients hospitalized forRV 
infection is confirmed by a microbiological test. 

According to the data of the NSCK. 13.4% of the hospitalizations with RV infection was 
nosocomial. The linear regression method estimated 16.5%. This is lower than the 
percentages reported for Sweden (28%), Spain (49%), and Germany (51%) [24,30.31], 
However, these studies only report on data from 1 or a few hospitals, and the variation 
between the hospitals is expected to be high. On the other hand, it might reflect real 
differences between countries. 
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The NSCK surveillance network and the linear regression estimation show similar age 

distributions for children admitted for RV infection. The overall distribution - two-thirds of 

infected children are aged<2 years-is similar to that of other countries. The sex distribution 

of children admitted for RV infection was similar to other countries, with slightly more 

boys affected than girls. Children with nosocomial RV infection were more often boys and 

were younger than children admitted for RV infection. This can be explained by the fact 

that in hospitals, there are relatively more children aged <1 year (9%) than in the general 

population (l%)and that the rate of hospitalization among children aged 0-14 years is 

higher for boys (5.9 per 100) than for girls (4.2 per 100) [8,9]. 

The median duration of stay was 3 d for children admitted for RV infection. Other countries 

have reported a median length of stay ranging 2-4 d [10,11,31]. Only in Poland has a rather 

long mean duration of 9.5 d been reported [32], This could be related to differences in 

treatment in the hospital, but it could also be related to differences in the primary care 

system that takes over the care of patient after discharge. The treatment of most children 

consisted of oral rehydration treatment, as advised by the World Health Organization and 

the European Society of Pediatricians on Gastroenteritis, Hepatology, and Nephrology [33]. 

However, 37% received iv treatment. 

Although the data from the NSCK surveillance system were not complete, the data 

concerning the duration of hospitalization and disease, clinical picture, and treatment are 

not likely to differ between reported and unreported hospitalizations, and therefore, these 

data give a valid description of all children hospitalized with RV infection in the 

Netherlands. 

Conclusion 

In the Netherlands, the incidence of admissions for RV infection in 1998 was estimated at 

0.9 (on the basis of hospital surveillance) and 2.7 (on the basis of combined laboratory and 

registry data) per 1000 children aged <5 years. The incidence varied for the 2 other years of 

study (1996,3.4 per 1000; 1997,1.6 per 1000). The highest incidence was found for 

children aged <2 years. To these totals, 13%-17% nosocomial infections should be added. 

The incidence is relatively low compared with other countries. The percentage of 

hospitalizations for gastroenteritis attributable to RV ranged from 32% to 58%, which is 

similar to the results for other industrialized countries. 

However, a cost-benefit analysis will have to show whether implementation of vaccination 

is cost-effective in the Netherlands. Apart from the financial aspect, other factors play a role 

in the decision on implementation of vaccination, such as acceptance of the vaccine by the 

target population and logistic factors in administering the vaccine. Recent experiences in 

the United States show that intussusception might be a side effect related to vaccination 

with the current vaccine [34]. Therefore, this vaccine has been withdrawn from the market 

and the Centers for Disease Control and Prevention is currently investigating the issue by 

implementing a reporting system of vaccine adverse events, an active surveillance of 
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20,000 vaccinated infants, and active case finding in 15 states [3]. If intussusception is 
proven to be aside effect, the development of other vaccines, such as nonliving vaccines or 
bovine reassortant vaccines, will revive, but it is likely to be several years before different 
vaccines will become available. In developing countries, where RV infection is still a major 
cause of death, different judgments will be made about implementation of this vaccine on 
the basis of relative mortality rates. Finally, the consequences of introduction of vaccination 
should be monitored. A surveillance system is necessary to monitor the incidence of RV 
infection and the distribution of circulating RV strains. Such a surveillance system is 
currently not present in the Netherlands. 
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Summary 

Infection with thermophilic Campylobacter spp. usually leads to an episode of acute 
gastroenteritis. Occasionally, more severe diseases may be induced, notably Guillain-Barré 
syndrome and reactive arthritis. For some, the disease may be fatal. We have integrated 
available data in one public health measure, the Disability Adjusted Life Year (DALY). 
DALYs are the sum of Years of Life Lost by premature mortality and Years Lived with 
Disability, weighted with a factor between 0 and 1 for the severity of illness. The mean 
health burden of Campylobacter-associated illness in the Dutch population in the period 
1990-5 is estimated as 1400 (90% CI 900-2000) DALY per year. The main determinants of 
health burden are acute gastroenteritis (440 DALY), gastroenteritis related mortality (310 
DALY) and residual symptoms of Guillain-Barré syndrome (340 DALY). Sensitivity 
analysis demonstrated that alternative model assumptions produced results in the above-
mentioned range. 

Introduction 
Infectious intestinal diseases are a major cause of mortality in the developing world, and 
cause significant morbidity in developed countries. Food and water are important routes of 
infection, and there is a large amount of national and international legislation to reduce the 
burden of food- and waterborne disease. Traditionally, emphasis has been on testing of end 
products for indicator organisms of faecal pollution or for process hygiene. Recent 
developments have introduced the concepts of process control (e.g. the Hazard Analysis 
Critical Control Point system in food processing) and the use of quantitative risk 
assessment to formulate safety objectives for the quality of food [1,2] and water [3]. 
In this context, risks are preferably expressed as a function of the probability and severity 
of an undesirable health effect [4]. The spectrum of disease by intestinal pathogens may-
vary from a short, self-limiting episode of nausea and vomiting to life-long sequelae or 
even death. The relative importance of these different outcomes is not usually taken into 
account [5-9]. To integrate the different health effects of gastrointestinal infection, a 
common measure is needed. Economic analyses, which identify all costs to society, 
including a monetary equivalent of life years lost, are frequently used for this purpose [10], 
However, they do not take into account the effects of disease on the quality of life, which 
is an important objective of public health policy. 

In this article, we present a methodology to integrate the health burden of different 
outcomes of gastrointestinal disease, illustrated by a case study of the health burden due to 
infection with thermophilic Campylobacter species in the Netherlands. To achieve this, we 
summarized the available epidemiological and clinical literature, and infer quantitative 
estimates of the incidence of important disease end-points, their duration and severity. The 
data were primarily selected to reflect the situation in the Netherlands in the period 1985-
95, with an emphasis on the second half of this decade. Where necessary and appropriate, 
we have also used international data. Infection with Campylobacter may result in diseases 
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that range from mild, self-limiting gastroenteritis with limited duration to life-long 

sequelae of serious, debilitating disease and premature mortality. Many of these outcomes 

are extremely rare [10-12], For the puipose of characterising the health burden, we only 

consider complications that occur relatively frequently: Guillain-Barré syndrome and 

reactive arthritis. 

We integrated the available data in the public health indicator "Disability Adjusted Life 

Years" (DALYs), which combines the effects of morbidity and mortality. Similar concepts, 

such as Quality Adjusted Life years, have been used extensively in medical technology 

assessment (MTA) and in health economics to optimise decision-making, both from the 

perspective of individual patients and society. The concept is increasingly being used in 

public health research, as demonstrated by the hallmark publication of the Global Burden 

of Disease study [13,14]. It has also been adopted as a basis for Dutch public health policy, 

as described in the Public Health Forecast study [15-17]. Both studies provide extensive 

background information on the scientific and social implications of using deliberately 

simplifying measures to capture intricately complex phenomena such as health in a single 

measure. The DALY methodology requires the availability of high quality data for all 

relevant inputs, which are currently available to only a limited extent. Therefore, not only 

point estimates are given but also appropriate distribution functions are generated to 

describe uncertainty and variability in these estimates. The uncertainty in the final estimate 

is formally evaluated using simulation methods and by sensitivity analysis. 

Acute, diarrhoeal disease 

Incidence 

The incidence of acute Campylobacter enteritis was estimated from different data sources: 

outbreak reports, laboratory reports, surveillance in general practices and population-based 

surveys. In the Netherlands, outbreaks of campylobacteriosis are rarely recognized: in the 

years 1987-94, 8 outbreaks involving 40 cases were identified by Food Inspection 

Services, i.e. an average annual incidence of 5 cases per year. 

Laboratory surveillance data for the Netherlands are available since April 1995. In the 15 

participating Regional Public Health Laboratories the annual average rate of 

Campylobacter isolations from submitted faecal specimens was 3-4%. On average, 

Campylobacter was isolated from 3600 patients per year. It is estimated (W. van Pelt, 

personal communication) that for Campylobacter spp. these laboratories cover about 62% 

of the Dutch population of 15 million, leading to an estimated annual incidence of 

laboratory-confirmed Campylobacter enteritis of approx. 5800 cases per year (4 per 10000 

persons per year). Whereas the total number of submitted faecal specimens was relatively 

constant throughout the year, there was remarkable seasonal variation in the incidence of 

laboratory confirmed campylobacteriosis. The isolation rates peaked in summer, when 6-

7% of all samples were positive for Campylobacter. 
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A sentinel study on the incidence of gastroenteritis in general practices was carried out in 
the years 1992-3. The study used the established NIVEL (Netherlands Institute for Primary 
Health Care, Utrecht, the Netherlands) sentinel surveillance system, which is a 
representative selection of practices throughout the country [18,19]. The incidence of acute 
gastroenteritis was 55.3 per 10000 person-years; after correction for non-response it was 
89.9 per 10000 person-years [20]. In 1993, the incidence was significantly lower than in 
1992: 59.6 vs. 46.6 per 10000 person-years. The incidence was not different between men 
and women, and was highest in the summer months. The incidence peaked in the younger 
age classes (420 and 182 respectively per 10000 person-years in the 0 and 1-4 year old). 
Campylobacter were cultured from 14.6% of all faecal samples (4.4% yielded Salmonella). 
The isolation percentage was lowest (< 5%) in the very young (0 years) and in the old 
(65+), and peaked in the 15-19 age-class (33%). The estimated age- and sex standardized 
incidence of Campylobacter enteritis was 6.9 per 10000 person-years. If a correction for 
non-response were applied, this estimate was 11.7 per 10000 person years. It is likely, 
however that the non-response was biased towards less severe cases and the corrected 
incidence was an overestimation because infection with thermophilic Campylobacter spp. 
usually leads to a relatively severe form of enteritis. 

In 1991, a population-based surveillance study on the incidence of acute gastroenteritis 
was performed, leading to an age-standardised estimate of 447 episodes per 1000 person-
years [21,22], Campylobacter was isolated from 4.5% of faecal samples (1.6% yielded 
salmonella). The number of positive samples was too small to draw conclusions on the 
effect of sex, age or region. Thus, the standardised incidence of Campylobacter enteritis in 
the Dutch population is estimated as 20.1 per 1000 person-years. 
In summary, in the Netherlands with a population of 15 million, approximately 300000 
persons per year experience symptoms of acute campylobacter-related gastroenteritis and 
18000 patients visit their general practitioner (excluding consultations by telephone). A 
faecal sample is sent to a laboratory and tested positive for Campylobacter for 5800 
patients. Only a small fraction of all cases is involved in recognized foodborne outbreaks. 

Duration and severity 

We obtained data on symptoms and severity of Campylobacter enteritis from outbreak 
reports and studies based on cases identified by laboratory surveillance. An analysis of the 
available data showed that the frequency of reported symptoms from both sources is 
similar. The majority of patients reported diarrhoea (90-100%), abdominal pain (70-90%) 
and fever (60-80%), whereas 25-30% reported blood in their stool. Patients in outbreaks 
more frequently reported vomiting than clinical cases (40 vs. 25%) which may be related 
to the time that elapsed between onset of the symptoms and consultation of a doctor. 
Therefore, it might be concluded that the above data represent the clinical course of all 
patients with Campylobacter enteritis. It is possible however, that outbreak associated 
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strains of bacteria are more virulent than average, and that the majority of cases in the 
general population have a more benign course. 
The median duration of outbreak cases was estimated as 4-6 days, but follows a highly 
skewed distribution with a maximum up to a month or more. There are no adequate data to 
fit a statistical distribution. We therefore used a lognormal distribution for the duration of 
campylobacteriosis in the general population with parameters on the log scale: mean u = 
1.5, S.D. a = 0.5 (median 4.5 days, 90% range 2-10 days). 

The duration of gastroenteritis of patients who consulted their general practitioner was 
generally longer than of patients who did not. Again, there are few data and an 
approximation must be used. We fitted a lognormal distribution (parameters u = 2.0 and a 
= 0.5. median 7.5 days. 90% range 3-17 days) to data reported by Rijntjes [23] on the 
clinical aspects of acute diarrhoea (including campylobacteriosis) in general practice. 

Mortality 
There is little information on Campylobacter associated mortality. Tauxe [24] estimated the 
case-fatality ratio of campylobacteriosis as 3/10000 outbreak related cases (2 deaths among 
6000 cases) and applied this rate to an estimate of all cases of Campylobacter enteritis in 
the USA (incidence 96-108 per 10000 person-years, or 2.2-2.4 million cases per year) to 
arrive at an estimate of 680-730 Campylobacter associated deaths per year in the USA. A 
similar estimate for the Netherlands would be 90 deaths per year. Smith and Blaser (cited 
in 24) reported 2 deaths among 600 cases detected by laboratory surveillance in Colorado, 
USA, leading to an estimated 200 deaths per year for the USA and 23 deaths per year in 
the Netherlands. The CAST Report on Foodborne pathogens [25] estimates the annual 
number of Campylobacter associated deaths in the USA as based on the work of Bennet 
and colleagues [26] and Todd [27] as 2100 and 1, respectively. The reported number of 
diarrhoeal deaths from all causes in the USA is approximately 3200 per year [28]. Hence, 
if the high estimates of Tauxe [24] and Bennet and colleagues [26] were realistic, it would 
be concluded that Campylobacter accounts for a major part of diarrhoeal deaths in the 
USA, or that there is considerable underreporting. Alternatively, these data overestimate 
the actual situation. Thus, there is major uncertainty in the estimated number of deaths 
related to Campylobacter enteritis. We used a conservative estimate of 30 fatal cases per 
year, with a range between a minimum of 3 and a maximum of 90. Hence, we estimated 
the most likely value of the case-fatality ratio was 1/10000 with a range between minimum 
1/100000 and maximum 2/10000. Having no distributional information, we have 
formalized the uncertainty in a Beta-Pert distribution [29]. We used data from Statistics 
Netherlands on the age-distribution of mortality from all infectious intestinal disease (ICD 
codes 1-9) and assumed these to be representative for mortality associated with 
campylobacteriosis (median age at death 78 years, interquartile range 35-85 years). 
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Guillain-Barré syndrome 

The Guillain-Barré syndrome (GBS) is an acute immune-mediated disease of the 
peripheral nervous system. Because the pathogenesis is still largely unknown, it is defined 
by a set of clinical, laboratory and electrodiagnostic criteria [30], The disease is 
characterised by areflexia, acute progressive and symmetrical motor weakness of more 
than one limb, ranging from minimal weakness of the legs to total paralysis of all 
extremities, and rapid progression (50% of patients reach their nadir in less than 2 weeks 
and 90% within 4 weeks). Respiratory muscles may also be affected and up to one-third of 
patients may need artificial ventilation. There is marked patient-to-patient variation in the 
clinical features of GBS, and it is suggested that the disease is not a single entity, but may 
result from different pathogenic mechanisms. The functional status of patients with GBS is 
scored on a seven-point disability scale (F-score, see Table 1). 
Table I. Scoring system for functional status of patients with Guillain-Barré syndrome [31]. 

F-score Functional status 
0 healthy 

1 having minor symptoms and signs, but fully capable of manual work 

able to walk 10 m or more without assistance 

3 able to walk 10 m or more with a walker or support 

bedridden or chair-bound (unable to walk 10 m with a walker or support) 

requiring assisted ventilation for at least part of the day 

4 

5 

6 dead 

Two-thirds of patients with GBS suffer from a preceding gastrointestinal, flu-like or 
respiratory infectious illness. The muscle weakness usually occurs 1-3 weeks after 
recovery, suggesting that the immune response rather than the infectious agent is related to 
the onset of the syndrome. Several studies have shown that particular infective agents are 
strongly associated with the onset of GBS. Jacobs and colleagues [32] demonstrated a 
significant relation with antecedent infection by C. jejuni, cytomegalovirus and Epstein-
Barr virus. Worldwide, the crude incidence of GBS varies between 0.8 and 2.0 per 100 000 
persons per year [33]. There appears to be no trend over the years, or in relation to factors 
such as race, standard of living, season or climate. Most studies report an increase of 
incidence with age, and sometimes also a peak incidence in young adults. Van 
Koningsveld and colleagues [33] reported a retrospective study on the incidence of GBS in 
the southwest Netherlands in the years 1986-97 and present an estimate of 1.18 (S.D.0.05) 
per 100000 person years. The mean age of patients was 47 years (S.D. 21 years). Thus, in 
the Netherlands with a population of approximately 15 million, the incidence of GBS is 
estimated as 177 cases per year. Patients with a severe course of the disease (F > 2 at nadir) 
are frequently included in clinical trials, and detailed information is available on this 
subgroup. On the contrary, very limited information is available on patients for which the 
disease takes a mild course (F < 2). In the retrospective study, data were available for 436 
patients of which 121 (28%) were mildly affected (F < 2) and 315 (72%) were severely 
affected (F > 2). 
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Serological evidence for antecedent infection with C. jejuni was obtained for 38/114 (33%) 
of severe cases and 3/14 (21%) of mild cases. No serological data for non-GBS controls 
are available in this study. However, the patients in the Dutch Guillain-Barré trial [34], in 
which treatment with plasma exchange (PE) was compared with intravenous 
immunoglobulins (IVIg), were recruited from the same cohort so that we can use data from 
the healthy control group reported by Jacobs and colleagues [32]. Based on this 
information, the attributable proportion of cases induced by C. jejuni is estimated to be 
15% for mild cases of GBS and 28% for severe cases. When interpreting these data, one 
must realise that criteria for a positive serological test result are usually chosen to prevent 
false-positive results, with a concurrent loss in sensitivity. In Table 2, the results from the 
retrospective study are corrected for published performance characteristics of the 
serological tests applied in this study [35]. Combining these data, we estimated the 
incidence of C. jejuni associated GBS in the Netherlands as 59 cases per year (10 mild 
cases of which 7 < 50 years of age, and 49 severe cases of which 24 < 50 years of age). 
Combining with estimates given previously, we estimated the probability of GBS given 
campylobacter-associated enteritis as 59 / 300000 = 2.0 x 10"4 (1 per 5000). Note that a 
small proportion of campylobacter-associated enteritis is caused by other species, mainly 
C. coli. Because GBS is exclusively associated with C. jejuni, the risks are slightly 
underestimated. Alios [37] estimates that in the USA, one of every 1058 Campylobacter 
infections results in a case of GBS. There is about a fivefold difference between this 
estimate and that for the Netherlands. This is due partly to a higher estimate of the 
incidence of GBS in the USA (3 per 100000 vs. 1 per 100000 person years) and partly to a 
lower estimate of the incidence of campylobacteriosis (10 per 1000 vs. 20 per 1000 person 
years). The surveillance data from the USA as well as from the Netherlands are subject to 
different sources of bias, making it difficult to evaluate further this difference. We have 
used the USA estimate as a high limit of the probability of developing GBS after 
campylobacteriosis. McCarthy and colleagues [38] estimated the probability of GBS 
following campylobacteriosis in a follow-up study of three outbreaks in Sweden, involving 
8000 patients. No cases of GBS were detected, so that the probability was 0 in 8000 (95% 
CI 0-3). Hence, the Dutch estimate would fall in this range, whereas the USA estimate 
would fall outside. It is possible that the Campylobacter strains involved in the Swedish 
outbreaks were not causal agents of GBS, which might result in underestimation of the 
probability in the general population. 
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Table 2. Estimation of the true attributable propori ion ofC. jejuni associated cases of Guillain-Barré 
syndrome. 

Mild cases Severe cases 
Cases Controls Cases Controls 

ELISA (positive/total) 3/14 4/50 38/114 4/50 
Apparent odds ratio (95% CI) 
Apparent attributable proportion 
Apparent prevalence 0.214 0.080 0.333 0.080 
Sensitivity 74%* 
Specificity 97% 
True prevalence* 0.260 0.070 0.427 0.070 
C. jejuni infection (ive/total) 4/14 4/50 49/114 4/50 
True odds ratio (95% CI) 4.6(1.04 -22) 8.9(2.9. •26) 
True attributable proportion 0.20 o.: 18 
34 positive results of 46 patients with culture confirmed C. jejuni gastroenteritis 

Calculated as P,nle = (Papp + S P - 1)/(SE + SP - I ) , with P„pp = apparent prevalence, SP = specificity, SE = 
sensitivity [36] 

Duration and severity 

Visser [39] has shown that the probability of recovering to the stage of independent 
locomotion after 6 months (F < 2) is smaller for patients over 50 years of age. Other 
clinical studies also commonly report age as an important determinant of recovery, hence 
in the following the clinical course is described separately for patients younger or older 
than 50 years and it is also necessary to distinguish the prognosis of mild and severe cases. 
Very limited information is available on the recovery of mildly affected patients. Clinical 
experience at the outpatient department of University Hospital Rotterdam suggests that 
after 6 months. 50% of the patients are fully recovered (F=0), whereas virtually all patients 
have reached F=l. From this information, a model for the clinical course of mildly affected 
patients was constructed, assuming a simple exponential decrease of the number of patients 
with F-scores 2 and 1. According to the model, 79% of patients were fully recovered after 
1 year whereas 21% still suffered from minor symptoms (F = 1). The initial ratio of 
patients with F-scores 1 and 2 was independent of age. In the absence of further 
information, we assumed that the time course of recovery of mild cases is also independent 
of age. Information on the clinical course of severe cases was obtained from original data 
of the Dutch IVIg trial [34]. Visser [39] describes the clinical heterogeneity of these 
patients in relation to antecedent infections and treatment choice. C. jejuni associated GBS 
was more severe in nature than other GBS, as was obvious from the difference in 
functional score at nadir: a very high proportion of C. jejuni positive patients required 
assisted ventilation (F=5: 54% vs 20% for all patients). C. jejuni positive patients 
recovered significantly better when subjected to IVIg as compared to PE. For other 
patients, including those infected with cytomegalovirus, this difference was only apparent 
after 8 weeks of treatment, but not after 6 months. Using IVIg treatment, 75% of C. jejuni 
positive patients were able to walk independently after 6 months. This figure is in-between 
the values of 73 and 82%. which were found for all patients, treated with PE and IVIg, 
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respectively. Hence we assumed that the data on all patients in the Dutch trial are 
representative for C. jejuni positive patients, provided they receive optimal treatment. 
Directly after hospitalisation, 60% of the randomised patients are in F-score 4. At nadir, 
approximately 20% of the patients are in F-score 5. Throughout the hospitalisation period, 
patients tend to recover and this is reflected by a gradual increase of the percentage of 
patients in F-scores 0-2. Virtually all patients recovered from the need of intensive care 
treatment, but after half year, the end of follow-up in the clinical trial, a sizeable proportion 
were still severely affected (17% in F-scores 3 and 4). Bernsen and colleagues [40] 
evaluated the residual health status of patients after a period of 31 months to 6 years after 
onset of GBS and demonstrated that within this time period, there were no significant 
differences in residual functional health status related to the time since the acute phase. We 
therefore assumed that the health status at follow-up in this study will persist life-long. 
This study showed that only 25% of all patients recovered functionally (F = 0) but 
continued to report psychosocial impairment, whereas 44% of patients continued to suffer 
from minor symptoms (F = 1 ). As much as 31 % of the severely affected patients did not 
recover fully but continued to suffer from functional limitations (F = 2-4). 

a. Age < 50 years 

0 60 120 180 360 

Time after hospital admission (days) 

b. Age > 50 years 

3 

— 
60 120 180 

Time after hospital admission (days) 

Figure 1. Functional status of patients with Guillain-Barré syndrome (age <50 years, >50 yrs) 
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Mortality 

Mortality related to GBS is usually low. In the Dutch IVIg trial, a case-fatality ratio of only 

2% was observed [34], but other studies report ratios up to 5%. Van Koningsveld and 

colleagues [33] reported 16 fatal cases among 476 cases of GBS in the southwest 

Netherlands (mortality ratio 3.4%). We used a Beta-Pert distribution with most likely value 

2%, minimum 1% and maximum 5% to simulate the uncertainty in the case-fatality ratio. 

The mean age of the fatal cases in the retrospective study was 71 years (range 30-86). 

Reactive arthritis 

Reactive arthritis is an immune-mediated inflammation of the joints that is associated with 

recent infection at a distant site, usually the urogenital or gastrointestinal tract. There may 

or may not be extra-articular features. Rheumatic symptoms develop between 3 and 30 

days after infection, and are accompanied by an increase in specific antibodies. The 

pathogenic mechanism is not clear; there is evidence of genetic predisposition because in 

the Netherlands, approximately 70% of patients with reactive arthritis are HLA-B27 

positive compared with only 7% in the general population [41]. Berden and colleagues [42] 

and Van de Putte and colleagues [43] in the Netherlands first reported infection with C. 

jejuni as the triggering agent of reactive arthritis. 

Incidence 

The incidence of reactive arthritis is difficult to estimate. The diagnosis depends on clinical 

or laboratory evidence of recent infection but subclinical precipitating infections are well 

known. Also, different studies have used different case-definitions, resulting in inclusion of 

cases with different degrees of severity and duration. Kvien and colleagues [44] reported a 

general practitioner based survey of the incidence of reactive arthritis in Oslo, Norway in 

the period March 1988 to March 1990. They found the incidence of reactive arthritis 

associated with gastroenteritis was 2.9 per 100 000 person years for the total population 

and 5.0 per 100 000 person years for the population between 18 and 60 years of age. Of 

these, 11% (3/27 patients) were associated with C. jejuni, or 3.2 per 1 000 000 person years 

for the total population. Similar data are not available for the Netherlands. Extrapolation of 

the Oslo data may give a rough indication of the expected number of patients, but ignores 

differences in incidence of infection with C. jejuni and prevalence of the HLA-B27 gene 

(83% of all patients in Oslo earned this gene). These data would lead to an estimate of 50 

GP consultations in the Netherlands per year because of C. jejuni associated reactive 

arthritis. Eastmond and colleagues [45] earned out a follow-up study of 136 culture-

positive individuals, who were infected with C. jejuni as a consequence of a power failure 

at a milk pasteurisation plant. Of this cohort, 88 had symptoms of gastroenteritis and one 

patient developed reactive arthritis (1.1% of clinical, culture-positive cases or 0.74% of all 

culture-positive individuals). The duration of the symptoms was 2 weeks. Bremell and 

colleagues [46] also conducted a follow-up study of 86 attendants at a banquet, 35 of 
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whom developed gastroenteritis and 31 of whom were asymptomatically infected. These 
authors found symptoms in joints, muscles or spine in seven subjects with enteritis (20%), 
but in none of the asymptomatically infected persons. In six patients, the symptoms were 
restricted to pain in the muscles, joints or lower back that lasted less than a month. One 
HLA-B27 patient who was diagnosed as having incomplete reactive arthritis had a familial 
history of arthritis and again developed classical reactive arthritis in association with a new 
episode of gastroenteritis after 7 years. 

In the outbreak studies, the risk of developing reactive arthritis after C. jejuni associated 
enteritis was 1-3%. On this basis, the estimated number of cases of C. jejuni related 
reactive arthritis in the Netherlands would range between 3000-9000 per year. This is 
considerably higher than the number of 50 estimated above, which may possibly be 
explained by the fact that GPs or hospitals see only the more severe cases which are of 
longer duration. To estimate the health burden of C. jejuni associated reactive arthritis on a 
population basis, we used the risk as derived from outbreak studies. 

Duration 
In a follow-up study of the Oslo cohort of patients reporting to their GP, the outcome of 
disease was independent of the triggering agent or the presence of the HLA-B27 gene [47]. 
The medium duration of reactive arthritis, estimated by Kaplan-Meier analysis, was 25 
weeks (25 and 75 percentiles were 14 and 53 weeks, respectively). After two years, none 
of the patients had persistent arthritic symptoms with the exception of one patient who had 
a history of back-pain and stiffness. We have assumed that the duration of unselected cases 
of C. jejuni associated reactive arthritis is considerably shorter than cases seen by GPs or in 
hospitals and have adopted a wide range of 2-10 weeks. 

Disability Adjusted Life Years 
The different outcomes of infectious disease can be combined in one single measure, the 
Disability Adjusted Life Year (DALY), following the methodology proposed by Murray 
[48]. 

DALY = YLL + YLD 
YLL is the number of years of life lost due to mortality and YLD is the number of years 
lived with a disability, weighted with a factor between 0 and 1 for the severity of the 
disability. YLL is calculated by accumulation over all diseases and age-strata of the product 
of d, the number of deaths due to a particular disease and e*(a), the standard life 
expectancy at the age of death due to that disease. Thus: YLL = X; e * (a,) Ej dy. 
Where /' is an index for different age-classes, and ƒ is an index for different disease 
categories. We have assumed that mortality affects the population in a random fashion, and 
derive the life expectancy from the standard life table as proposed by Murray [48]. This 
table is based on the highest observed national life expectancy (for Japanese women), but 
takes into account differences in life expectancy between men and women. 
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YLD is calculated by accumulation over all diseases of the product of the number of cases 
N, the duration L and the severity weight W: 

YLD = Sj Nj Lj W, 

Severity weights 
The severity weight is not directly observable but reflects social values. There are different 
approaches to establish severity weights, which differ with respect to the group whose 
values are chosen (e.g. general public, patients, medical professionals), the method for 
evoking value choices (e.g. Standard Gamble (SG), Time Trade-Off (TTO), Person Trade
off (PTO), Visual Analog Scale (VAS)), and the presentation of the diseases to be valued 
(e.g. case-definitions or generic descriptions). In this paper, we have followed the 
methodology developed for the Global Burden of Disease (GBD) study [13,14] as 
modified for the purpose of the Dutch Public Health Status and Forecast (VTV) study [15-
17]. For the purpose of the VTV study, a two-step procedure was adopted [49]. First, using 
the PTO protocol, a panel of medical experts evaluated 16 indicator conditions with 
different severity, selected to cover evenly the total range of disabilities. The diseases to be 
evaluated were characterised by a short clinical description and a standardized 
classification using the dimensions from the EuroQol-5D+C questionnaire [50] was 
applied to harmonize the mental image. Second, the same panels valued other diseases by 
interpolation on the scale of indicator diseases, i.e. ranking as similar to or in-between 
indicator conditions. For our study, we have obtained severity weights for various diseases 
in the framework of a broader study to elicit severity weights for several health states 
related to environmental pollution from a panel of 24 physicians and 11 environmental 
epidemiologists. Our procedure was similar to the VTV approach, i.e. valuation by means 
of interpolation on the scale of indicator diseases. In contrast to Stouthard and colleagues 
[49], who valued a year of life with one or more episodes of acute, reversible illness, we 
valued the acute condition as such, without reference to its duration. Duration is entered as 
one of the independent factors in the final calculations of health burden. 

Acute, diarrhoeal disease 
In the GBD, two severity weights are presented for infectious enteric disease. Watery 
diarrhoea (further specified as five episodes a day without major pain or cramps) is one of 
the indicator conditions, and a mean disability weight of 0.066 is assigned (median 0.054) 
[48]. We use a Beta-distribution with parameter values (1.5. 21), which has these 
characteristics, to describe the variability in individual severity weights of Campylobacter-
associated diarrhoea in the general population. 

The case definition for the more severe cases of bacterial gastroenteritis as valued for this 
study is shown in Table 3. The median severity weight for this health state was 0.37 with a 
wide range between 0.05 and 0.97. The individual scores could be fitted with a Beta (1.23, 
1.90) distribution. This weight, which is used for patients who visit their general 
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practitioner, is much higher than previously mentioned weights for uncomplicated 
diarrhoea, reflecting the importance of an accurate case-definition and instructions given to 
the panel. 

Table 3. Severity weights of severe gastroenteritis and ofGBS in different junctional grades. 

Disease Case-definition Euroqol 
5D score 

Median 

Severity weight 

Range Beta-
distribution 

Severe Patients suffer from watery diarrhoea, 113211, 0.368 
gastroente with a defecation frequency of a few to 213211, 
ritis more than ten times per day, sometimes 113111, 

preceded by a period of anorexia, nausea, 213311 
vomiting and abdominal pain. Some (25% 
patients may suffer from severe each). 
abdominal cramps, fever, chills, headache 
and myalgia, nausea and malaise. Blood 
or mtictis is often present in the faeces. In 
some cases, diarrhoea leads to 
dehydration. Symptoms usually last one to 
a few weeks. 

GBS, F=l Completely recovered from an episode of 11211 0.10 
Guillain-Barré syndrome, but having 
problems of insomnia, fatigue and related 
emotional and social restraints 

GBS, F=2 Muscle weakness in legs and arms, able to 21211 0.30 
walk at least 10 m without a walking aid, 
but unable to run 

GBS, F=3 Muscle weakness in legs and arms, and 22321 0.44 
only able to walk at least 10 m with a 
walking aid 

GBS, F=4 Severe muscle weakness in legs and arms, 33322 0.80 
not able to walk, bedridden of in a 
wheelchair 

GBS, F=5 Severe muscle weakness in legs and arms, 33332 0.94 
not able to walk, bedridden and need 
artificial ventilation for at least part of the 
day 

0.05-0.97 1.23,1.90 

0.00-0.61 0.66,4.13 

0.04-0.65 2.16,5.62 

0.20-0.80 5.50,6.70 

0.25-0.95 5.55, 1.53 

0.75-0.99 18.35, 1.63 

Guillain-Barré Syndrome 
The clinical heterogeneity of GBS requires a differentiation in disability classes. Table 3 
shows the results of weighting the different functional grades of GBS and also shows fitted 
Beta distributions. We combined these weights with data on the clinical course of GBS 
(Figure 1) to construct a composite severity weight for the clinical phase (first year after 
diagnosis) and the residual phase of GBS (Table 4). 

Reactive arthritis 
A severity weight for reactive arthritis is not available in the literature. The VTV study lists 
weights for three different grades of rheumatoid arthritis - mild: 0.21; moderate: 0.37 and 
severe: 0.94. Given the fact that most cases of reactive arthritis are relatively mild, a 
severity weight of 0.21 was considered appropriate. There is no information on the 
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variability of this weight. We arbitrarily used a BetaPert distribution with most likely value 
0.21, minimum 0.00 and maximum 0.42 (i.e. 2x most likely). 

Table 4. Distribution functions of parameters used to estimate the health burden of infection with 

thermophilic Campylobacter spp. in the Netherlands. 

Model parameters Input distribution Mean 5-perc-
entile 

Median 95-perc-
entile 

Gastroenteritis 
General population 
Incidence rate all gastroenteritis Lognormal (6.1,0.058) 447 405 446 490 

(per 1000 pyrs) 
Attr. proportion Beta (12. 235) 0.049 0.028 0.047 0.073 

Campylobacter spp. 
Severity Beta (1.5, 21) 0.067 0.008 0.054 0.168 
Duration (days) Lognormal (1.5, 0.5) 5.08 1.97 4.48 10.2 
Case-fatality ratio BetaPert (1, 10,20) 10.2 4.33 10.1 16.1 

(per 100 000 cases) 
Life expectancy of fatal cases (yr) Custom 13.2 2.60 8.18 47.0 
General practitioner 
Incidence rate campylobacteriosis Normal (1 1.7,0.87) 11.7 10.3 11.7 13.1 
(per 10 000 pyr) 
Severity Beta (1.23, 1.90) 0.393 0.049 0.368 0.821 
Duration (days) Lognormal (2.0, 0.5) 8.37 3.24 7.39 16.8 
Guillain-Barré syndrome 
Clinical 
Incidence rate (per 100 000 pyr) Normal (1.18,0.05) 1.18 1.10 1.18 1.26 
Attr proportion C jejuni mild cases Bootstrapping' 0.15 0.03 0.15 0.37 
Attr proportion C. jejuni Bootstrappings 0.28 0.17 0.27 0.37 

severe cases 
Sensitivity serology Bootstrapping* 0.74 0.63 0.74 0.85 
Specificity serology Fixed 0.97 - - -
Proportion of mild cases < 50 year Bootstrapping 0.69 0.63 0.74 0.85 
Proportion of mild cases < 50 year Bootstrapping 0.48 0.43 0.48 0.54 
Severity weights (composite) 

mild Beta (1.49, 15.29) + O.OOl" 0.080 0.012 0.073 0.223 
severe, < 50 years Beta (3.47,22.18) + 0.130" 0.244 0.175 0.256 0.389 
severe, >50 years Beta (5.83, 32.74)+ 0.19" 0.316 0.259 0.335 0.444 

Duration (years) Fixed 1 - - -
Case-fatality ratio BetaPert (0.01, 0.02, 0.05) 0.023 0.013 0.023 0.036 
Life expectancy of fatal cases Custom 18.7 5.73 11.2 81.3 

(years) 
Residual symptoms 
Severity weights 

mild Beta (0.87, 29.67)** 0.027 0.001 0.019 0.088 
severe, < 50 years Beta (2.50, 18.36)+ 0.041 0.161 0.074 0.147 0.294 
severe, >50 years Beta (3.54, 22.34) + 0.074 0.211 0.124 0.200 0.334 

Duration Custom, see Fig. 3.6 37.1 11.3 37.2 66.7 
Reactive arthritis 
Risk after enteritis by BetaPert (0.01, 0.02, 0.03) 0.020 0.008 0.020 0.032 
Campylobacter spp. 

Severity BetaPert (0.00, 0.21, 0.42) 0.210 0.079 0.210 0.340 
Duration (weeks) BetaPert (2, 6, 10) 6.00 3.51 6.00 8.48 
"Variables that are subject to uncertainty are presented in normal font, those subject to variability are bold 
5See Table 2, 

Fitted to simulated samples. 
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Integration 
Uncertainty and variability in parameter values 
The preceding information can now be integrated into an estimate of the health burden of 
infection with thermophilic Campylobacter spp. in the Netherlands. However, there is 
considerable uncertainty and variability in the available data. Here, variability is defined as 
the inherent randomness of a system under study. Uncertainty is defined as lack of 
knowledge about the system. Additional data collection can reduce uncertainty but not 
variability. Both uncertainty and variability can be expressed in a statistical distribution 
function, but require a different strategy to account for in the analysis. 
Table 1 shows the frequency distributions used for uncertainty and variability analysis, and 
some characteristic values. We considered severity and duration of disease to be variable 
parameters, and other parameters uncertain. We did not consider second order uncertainty 
(i.e. uncertainty in the parameter estimates of the distribution functions of the variable 
quantities). We performed uncertainty and sensitivity analysis in @RJSK 3.5.1 (Pallisade 
Corporation [51]) as an add-on to Microsoft Excel 97. All simulations were run using Latin 
Hypercube sampling, and terminated when all output parameters converged at the 1 % 
level. 

The strategy to account for uncertainty and variability depended on the estimated 
incidence. We explain the methodology by example of the morbidity burden of 
gastroenteritis in the total population. This value was estimated from four distribution 
functions, two of which are uncertain (incidence rate of gastroenteritis, IR and attributable 
proportion for Campylobacter, AP) and two of which are variable (duration L and severity 
W), In a population of size N, the (annual) incidence of gastroenteritis I = IRxAP x N is 
again an uncertain distribution function, which is obtained by sampling from the 
underlying distributions. Each iteration (realization of the model with a set of parameters 
randomly drawn from the underlying distributions) represents one possible value of I cases 
(per year). For each case, the individual health burden yld, is obtained by multiplying 
random samples from L and W. The total health burden in the population is then obtained 
by addition of individual estimates: 

i 

YLD = 2 yldi 

For diseases with low incidence, random variation cannot be neglected, and the individual 
burden for each incident case in each iteration has to be simulated. According to the 
Central Limit Theorem, the mean value of yld, is known with high certainty for a large 
population. In that case, the total population burden in a specific iteration can simply be 
obtained by multiplying I with the mean of'yld,. 
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Figure 2. Distribution of estimated total health burden of infection with thermophilic Campylobacter spp. in 

the Netherlands, and the contributing disability and mortality burden. 

Figure 2 show the results of the uncertainty analysis for the total health burden. The 
resulting distributions are characterised in Table 5. The mean annual morbidity burden of 
disease related to thermophilic Campylobacter spp. is estimated as 947 YLD, of which 
286+158 = 444 YLD (47%) is attributed to the effects of acute gastroenteritis. Residual 
disability from GBS is the second most important factor in the morbidity burden, 
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contributing 338 YLD (36%). Mortality associated with acute gastroenteritis accounts for a 
mean of only 32 cases per year, but adds a significant health burden of 413 YLL to the 
total estimate. The mortality related to GBS is of minor importance. Summation of 
morbidity and mortality burden yields an estimate of the mean total health burden of 
infections with thermophilic Campylobacter spp. in the Netherlands of 1382 DALY per 
year. For a population of 15 million, this implies that approximately 0.01% of all possible 
healthy life years is lost by this pathogen. 

The results show that the uncertainty of the estimate of total health burden is relatively 
small, the coefficient of variation (CV = standard deviation/mean) is approx. 0.23. Figure 2 
shows that the distribution is skewed to the right. The most likely range of the health 
burden (5th to 95th percentile) is between 927 and 1991 DALY per year. The major 
contribution to uncertainty in the overall estimate comes from uncertainty in YLL by 
gastroenteritis (CV = 0.49). This is mainly related to the relatively low incidence of fatal 
cases. The uncertainty in YLD is much smaller (CV = 0.17 for total YLD). 

Table 5. Characteristics of the output distributions of estimates of disease burden. 

Output parameter 5-percentile Median Mean 95-percentile SD 

Gastroenteritis, pop 
YLD 157 277 286 442 87 
YLL 126 382 413 811 214 
DALY 324 658 699 1203 274 

Gastroenteritis, GP 
DALY 139 158 158 178 12 

GBS, clinical 
YLD 10 17 17 23 4 
YLL 6 15 21 57 17 
DALY 18 32 38 75 18 

GBS, residual 
YLD 208 336 338 477 83 

Reactive arthritis 
YLD 73 143 149 248 54 

Total 
YLD 698 935 947 1222 160 
YLL 145 403 435 839 215 
DALY 927 1338 1382 1991 324 

Uncertainly in model assumptions 
A second source of uncertainty in the final result is the effect of the assumptions in the 
baseline model. Comparing the results of the baseline scenario with those obtained by 
alternative assumptions provides insight into the effect of these uncertainties, which are not 
accounted for in the distribution functions used above. We show the results of some 
alternative scenarios in Figure 3. 
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Figure 3. Graphical representation of scenario analysis (ReA: Reactive Arthritis, GBS: Guillain-Barré 

Syndrome, GE: Gastroenteritis, GP: General Practitioner, pop: population, YLD: Years Lived with 

Disability, YLL: Years of Life Lost). Scenarios: see text, BL: baseline. 

1. In the population based surveillance study [21], several case definitions for 
gastroenteritis were used to analyse the data. The incidence rate estimate of 447 per 1000 
person years was based on a comprehensive case-definition, in accordance with WHO 
criteria. It was felt that this case-definition could also include many cases of gastroenteritis 
of non-infectious origin and a more restrictive case-definition was also applied, resulting in 
an incidence rate estimate of 153 cases of gastroenteritis per 1000 person years. 
Campylobacter spp. were isolated from 6 faecal samples of 52 respondents. Hence, an 
alternative estimate for the incidence of campylobacter-associated gastroenteritis is 
(153/1000) x 15xl06 x (6/52) = 265 000 cases per year. This estimate would result in an 
overall reduction of the health burden by 13% to 1224 DALY, and would reduce the 
estimated burden by gastroenteritis in the total population and by reactive arthritis by 21 
and 20%, respectively. 

2. The baseline severity weight for gastroenteritis in the general population was based on a 
relatively mild case-definition of watery diarrhoea. In Annex 3 of the GBD, alternative, 
age-specific weights are given for "Diarrhoeal diseases (episodes) in the treated and 
untreated form" [13]. These estimates range between 0.119 for the 0-4 years old to 0.086 
for the 15-59 year old. An average disability weight of an episode of diarrhoeal disease of 
0.09 seems to be an acceptable simplification. Applying this weight increases the DALY 
estimate for the general population by 14% and the total estimate by 7% to 1503 DALY 
per year. 

3. If correction for non-response in sentinel surveillance is not applied, the DALY estimate 
for gastroenteritis at the general practitioner decreases by 41%, but the total DALY 
estimate is reduced by only 3% to 1354 DALY per year. 
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4. A high estimate for the incidence rate of GBS, as used in the USA, is 3.64/100 000 
person years [10]. This would increase the estimated health burden by GBS by 208%, and 
would also have a profound effect on the total estimate, which increases by 56% to 2186 
DALY per year. 
5. Assuming that the probability of acquiring GBS after campylobacter-associated 
gastroenteritis is 1: 1058 [37] has strong effects, the GBS related health burden increases by 
75% and the total estimate by 20% to 1686 DALY per year. 
6. If no correction for sensitivity of the serological test for antecedent Campylobacter 
infection in GBS patients is applied, the related health burden decreases by 26% and the 
total estimate by 7% to 1305 DALY. 
7. If only more severe cases of reactive arthritis are taken into account (incidence 50 cases 
per year, with median duration 25 weeks and severity weight 0.37), the related health 
burden is practically negligible and the total burden is reduced by 11% to 1253 DALY per 
year. 
8. An alternative for obtaining severity weights by direct panel elicitation is a model-based 
approach. For this purpose, health states are described by a generic, multiattribute 
classification system such as the Euroqol-5D system. The Euroqol-5D describes health in 
five dimensions (mobility, self-care, usual activities, pain/discomfort, anxiety/depression) 
with three levels each (no problems, some problems, extreme problems), resulting in 3' = 
243 possible health states. Different studies have evaluated a subset of these health states, 
using different valuation methods and different groups of respondents. A randomly 
selected sample of the general population in the UK was invited to evaluate 15 health 
states using VAS and TTO techniques. By varying the health states submitted to 
respondents, it was possible to obtain valuations for 42 EuroQol health states. Dolan [52] 
constructed a regression model to interpolate the other 201 health states on this scale. 
Table 6 shows a comparison between the modelled severity weights and the weights from 
the panel elicitation. In general, there is good agreement between weights for relatively 
severe health states, but the panel weights less severe states of GBS considerably higher 
than the general public. When comparing the valuations obtained by applying this model 
with the direct panel elicitation, several factors must be taken into account, (i) The panel 
elicitation was based on the PTO protocol and the model on values obtained with the TTO 
protocol. In general, the TTO protocol assigns slightly higher severity weights than the 
PTO protocol, (ii) The general public (whose values were used to develop the model) 
assigns a higher severity weight to any health state than (medical) professionals (in the 
panel), (iii) Furthermore, the general public attaches more weight to severe health states as 
is explicitly demonstrated in the model structure. 

Therefore, it is not to be expected that the two sets of severity weights correspond exactly. 
The model values are another possible set of values. Substituting these severity weights for 
the weights in the baseline results in an increase of the overall health burden by 18% to 
1653 DALY. The difference is mainly attributable to an increase of the disability burden of 
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gastroenteritis in the general population from 291 to 652 DALY, or by 124%. This is now 
the most significant single cause of health burden. The disability burden of gastroenteritis 
leading to GP consultation increases slightly and the disability burden by GBS is reduced 
by 33%. 

Table 6. Comparison of severity weights from the panel elicitation and from a regression model. 

Health state Euroqol 5D score Severity weight 

Panel Modef 

Gastroenteritis 
General population 112211 0.0711 0.15 
General Practitioner 11321,21321. 11311,21331 0.39 0.40 

GBS 
F=l 11211 0.14 0.07 
F=2 21211 0.28 0.12 

F=3 22321 0.45 0.47 
F=4 33322 0.78 0.73 
F=5 33332 0.92 0.90 

Table 3; mean from fitted Beta distributions 
§The regression model [52] allows negative scores for health states that are considered worse than death. 

Actually, the predicted score for state 33333 is -0 .59 . In the panel elicitation, all health states were valued on 

a scale between 0 (best imaginable health) to 1 (worst imaginable health). Therefore, the model predictions 

were divided by a factor of 1.59. 

'Mean score from Global Burden of Disease Study [48]. 

9. There is major uncertainty in the case-fatality ratio of Campylobacter associated 
gastroenteritis and the distribution used in the baseline scenario is arbitrary. To evaluate 
the effect of this uncertainty more fully, we ran a series of simulations in which the case-
fatality ratio (CFR) was kept constant at values of 1, 2, 3, ..., 20 per 100 000 cases. 
Figure 2 shows the results of this analysis. The mean estimate of the total health burden 
varies between approximately 1000 and 1800 DALY. Comparison with the mean and 
standard deviation of the baseline scenario demonstrates that, even though the uncertainty 
in the CFR has a major impact on the mean estimate, the contribution to overall uncertainty 
is limited. 

10. It might be argued that fatal cases by gastroenteritis are not a random selection of the 
population, but is related to those that have underlying diseases. These might result in a 
reduced life expectancy, or a reduced quality of life before the fatal event. Then, attribution 
of the standard life expectancy to these cases or assigning a weight of 1 to the lost life 
years would overestimate the true mortality burden. Figure 2 shows the effect of assuming 
lower life expectancies. As above, it is clear that the assumption has a major impact on the 
median estimate, but does not add much to overall uncertainty. 

In summary, the alternative assumptions result in variation of the median value of the total 
health burden between 900 and 2200 DALY per year, which is approximately the same as 
the range displayed in Table 5 
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Figure 4. Effect of uncertainty in the case-fatality ratio (lop) or the life expectancy or quality of life of fatal 

cases (bottom) of gastroenteritis on the total health burden and the associated uncertainty. 

Discussion 
We used the DALY methodology to integrate all epidemiological and clinical information 
of outcomes of Campylobacter infection with social values on the severity of different 
health states, to give an overall estimate on the health burden. Despite considerable 
uncertainty and variability in the underlying information, the final result appears to be 
relatively robust. The most likely value of the total health burden in the baseline scenario is 
approx. 1400 DALY per year with a (90%) range between 900 and 2000 DALY per year. 
To account for the effect of assumptions in the baseline scenario, we repeated the 
calculations using alternative assumptions with the mean estimate ranging between 900 
and 2200 DALY per year. Hence, the overall result is also relatively robust against 
alternative assumptions. This is related to the fact that the total health burden is based on 
different disease end-points, and it is unlikely that all parameter estimates for these end-
points will simultaneously have an extreme value. 
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The relative contribution of individual diseases to the total health burden is more uncertain, 
but mainly from a quantitative point of view. In the baseline scenario, gastroenteritis in the 
general population, gastroenteritis related mortality and residual symptoms from GBS are 
the major determinants of health burden. In most scenarios this order is maintained. Only 
when extreme estimates for the incidence rate of GBS are used (such as in recent work 
from the USA [10]), will (residual disability from) GBS be the leading cause of total health 
burden. 
The most important causes of health burden affect patients that are not usually seen in 
clinical settings. Most detailed data are available from clinical studies, but these relate to 
diseases or disease stages that only have a small contribution to the overall health burden. 
This contrast is most striking for GBS. There is a wealth of data on patients in their first 
year after hospitalization, which adds only 40 DALY to the health burden (or 3% of the 
total). The residual symptoms of GBS add 330 DALY or 24% of the total burden, but only 
one paper is available on this stage of the disease. There is also a lack of data on severity, 
duration and case-fatality ratio of campylobacter-associated gastroenteritis in the general 
population and on all aspects of reactive arthritis. Thus, this study indicates that active 
surveillance for gastrointestinal pathogens, based on population studies is preferred above 
passive surveillance based on clinical reports. Such studies have recently been reported 
from the UK [53] and are in progress in the Netherlands [54,55]. 

The Dutch VTV study gives a first estimate for the loss of healthy life years in the Dutch 
population. Because of major uncertainty in the underlying parameters, the reports do not 
give an estimate for the total burden, but classify diagnostic groups of diseases on the basis 
of different indicators: prevalence, severity, life years lost, years lived with disability and 
health burden as expressed in DALY. In the classification according to health burden, 
intestinal infections rank in the category 3000-10 000 DALY per year. Other disorders in 
this category are meningitis, sepsis, upper respiratory infections, stomach and duodenal 
ulcers, Down's syndrome, violence and accidental drowning. Thermophilic Campylobacter 
is only one of more than 50 infectious agents that may cause gastrointestinal illness, but 
accounts for 5% of all cases on a population basis. Extrapolating the current estimate of 
1400 DALY per year to all causes of gastroenteritis would result in an estimated burden of 
28 000 DALY per year, which is considerably higher than the VTV estimate. This figure is 
probably an overestimation because (i) not all gastroenteritis is infectious in nature, (ii) not 
all intestinal pathogens induce severe complications such as GBS and (iii) gastroenteritis 
induced by many agents (e.g. viruses and bacterial toxins) is less severe and of shorter 
duration than campylobacter-associated gastroenteritis. Nevertheless, the results of this 
study indicate that the health burden associated with gastrointestinal pathogens may be 
underestimated if only diarrhoeal illness is accounted for. Finally, even though the total 
health burden associated with Campylobacter is small in comparison to major diseases such 
as lung cancer, psychological disorders and coronary vascular diseases, the results of this 
study justify further efforts to reduce the incidence of foodborne disease, and 
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campylobacteriosis in particular. In addition to the high direct costs, related to productivity 
losses and medical consumption [56], this study adds the dimension of preventable health 
loss. 
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This thesis describes the results of several studies that were performed in close 

collaboration of the epidemiological department and microbiological laboratories. This has 

resulted in sound epidemiological studies, with a microbiological input with state-of-the-

art detection techniques and the expertise and technical equipment to test a broad panel of 

pathogens. 

Main findings 

Incidence 

The incidence of gastroenteritis in the community was 283 per 1000 person years, 

indicating that annually approximately 4.5 million episodes of gastroenteritis occur in the 

Netherlands. The incidence of consultations for gastroenteritis in general practices was 

estimated at 14 per 1000 person years, indicating that annually approximately 220.000 

persons consult a general practitioner (GP) for gastroenteritis. In both case groups the 

highest incidence was found in children 0-4 years of age. Furthermore, the incidence was 

slightly higher for persons with a high educational level and women. 

Microbiology 

In community cases, viral pathogens were the most prominent pathogens, detected in 2 1 % 

of cases, with Norwalk-like viruses (NLV) as the most frequent ones (11%), followed by 

rotavirus (4%). Bacterial pathogens were detected in only 5% of community-cases, with 

Campylobacter as the leading one (2%). Pathogenic parasites were detected in 6% of 

community cases, with Giardia lamblia as the most frequent pathogen (4%). Bacterial 

toxins were detected in 9% of cases, with 5% being attributable to Staphylococcus aureus 

A, B, C or D. The debatably pathogenic parasite Dientamoeba fragilis was detected in 20% 

of cases. However, Giardia lamblia, Staphylococcus aureus, and Dientamoeba fragilis 

were equally frequent in controls as in cases. 

In consulting cases, Campylobacter was the most common pathogen, accounting for 10% 

of cases, followed by rotavirus (5%), NLV (5%), Giardia lamblia (5%), and Salmonella 

(4%). Shigella, pathogenic types of Yersinia, VTEC, Cyclospora and Entamoeba 

histolytica are relatively rare pathogens in the Netherlands, accounting for 1 % or less of 

both community cases and cases in general practices. 

The relative importance of pathogens clearly depended on the age group under study. In 

GP-consulting cases under 5 years of age, rotavirus and NLV were detected most 

frequently. In GP-consulting cases of 5 years and older, Campylobacter was the most 

frequently detected pathogen, followed by NLV, and in the age group of 5-14 years 

followed by Giardia lamblia. In community cases, NLV was the most frequent pathogen in 

all age groups. Surprisingly, community cases of rotavirus were not restricted to the 

youngest age groups, but were also detected in 3% of cases older than 60 years. Of all 

rotavirus-positive cases, 13% was older than 5 years. 
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Except for age, duration of symptoms until consultation distinguished between infections 

with the various pathogens. Bacterial pathogens were detected mostly in patients who had 

symptoms for 1-7 days before consultation; viral pathogens mostly in patients with 

symptoms for less than 4 days, and parasites mainly in patients that had symptoms for 

more than 7 days. Remarkably, NLV was also found in 4% of cases with symptoms for 

more than 2 weeks. Furthermore, blood in the stool was indicative for Campylobacter, 

fever for Campylobacter, Salmonella and rotavirus, and vomiting for rotavirus and NLV. 

The detection of the various pathogens depended on the moment of sampling. The 

detection rate of bacteria in samples collected one week after the onset of symptoms was 

only half that in samples collected as soon as possible after the onset of symptoms. For 

viruses, samples collected after one week resulted in slightly lower detection rates. For 

parasites detection rates were similar for different moments of sampling. A preliminary 

analyses of detection rates of parasites in all four stool samples in the community-based 

study shows that testing 4 stool samples instead of 1, increased the detection percentage of 

Giardia lamblia from 5.0 to 8.0%, and of Cryptosporidium from 2.0 to 2.5%. 

Overall, 5% of all gastroenteritis cases consulted a general practitioner in person. 

However, the consultation rate was higher for the 0-year-olds, and was strongly correlated 

with severity of disease, as also reflected by the association with longer episodes, fever, 

abdominal cramps, blood in the stool, and a frequency of stools of 6 or more in 24 hours. 

Transmission ofNorwalk-like viruses, Sapporo-like viruses and rotavirus group A 

Transmission of the viral pathogens occurred primarily from symptomatic persons to 

others. However, for NLV, a significant association between food handling hygiene and 

infection suggested that foodborne and possibly drinking-waterborne transmission also 

play an important role. Almost half of all NLV cases were related to tranmission through 

food, and roughly, 15% was attributable to contaminated food entering the household. For 

rotavirus-gastroenteritis, food handling hygiene did have an impact, but less pronounced 

than for NLV. For SLV-gastroenteritis only contact with symptomatic persons was 

identified as a risk factor. 

The investigation of an outbreak caused by NLV emphasizes that improper hygiene during 

food preparation can result in illness of hundreds of cases. Yet, it also showed how use of 

modern epidemiological, technological and virological techniques can help find the source 

of contamination rapidly. 

Rotavirus hospitalisations 

The incidence of hospitalisations for rotavirus infection in children aged 0 to 4 years 

ranged between 1.6 and 3.5 per 1000 person years, indicating that annually in the 

Netherlands 1500-3500 children are admitted for a rotavirus infection. Of all 
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hospitalisations for gastroenteritis among children of 0 to 4 years of age, 32% to 58% can 

be attributed to rotavirus infection. The median duration of hospital stay was 3 days. The 

number of hospitalisations is relatively low compared to other countries, but the percentage 

of hospitalisations for gastroenteritis attributable to rotavirus is similar to that in other 

countries. 

Health burden measured in disability adjusted life years 

The estimated disease burden of Campylobacter infections in the early nineties was 1400 

DALY annually (90% confidence interval 900-2000 DALY). The main determinants of the 

health burden were gastroenteritis (440 DALY), gastroenteritis-related mortality (310 

DALY), and residual symptoms of the Guillain-Barré syndrome (340 DALY), indicating 

that illness due to Campylobacter is not merely an economical problem, but also causes a 

considerable health burden. It also indicates that the health burden of gastrointestinal 

pathogens is under-estimated when only acute episodes of gastroenteritis are accounted for. 

Methodological issues 

Apart from the selection introduced by consultation behaviour between the case groups of 

the community-based study and the general practice-based study, another selection was 

introduced by the fact that the general practitioner was responsible for the inclusion of 

cases, as opposed to the study team in the community-based study. This additional 

selection led to an overrepresentation of patients with relatively severe episodes and 

patients with chronic gastrointestinal symptoms. The combined selection resulted in a 

relatively large representation of bacterial gastroenteritis at general practice level and a 

relatively small representation of viral gastroenteritis. In general, it should be taken into 

account that inclusion of study members by general practitioners can introduce selection, 

due to the fact that their professional view and knowledge of the patients' history interfere 

with the use of objective inclusion criteria. 

Implications for public health and research 
Diagnostic deficit 

Valid estimates of the incidence of gastroenteritis in the Netherlands are now available and 

in approximately 50% of cases the microbiological etiology is known. However, this still 

leaves a diagnostic deficit of 50%. Several pathogens that were not included in our studies 

have been shown to be associated with gastroenteritis in recent years. Among the 

pathogenic E. coli, only enterohemorrhagic E. coli has been studied yet in the Netherlands. 

However, an English study has shown that enteroaggregative E.coli and enterotoxigenic 

E.coli can also be found in 5% and 2% of cases, respectively [1], Other pathogens that 

were not studied include torovirus. rotavirus group B and C, picobirnavirus, and 

enteroviruses. Rotavirus group A, B and C are associated with gastroenteritis in humans 

[2]. Of these, group A rotaviruses are recognized as the most important pathogens. In a 
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Swedish study in 1996 and 1997, 35% of all rotaviruses in adults with acute diarrhoea were 
group C [3], but in an English study on gastroenteritis, rotavirus group C was detected in 
0.2% of cases (rotavirus group A in 7.7%) [1]. For the other viruses, their causal role in 
gastroenteritis remains to be proven. In an Italian study, picobirnavirus was detected in 
only 0.4% of children with acute diarrhoea, and not in controls [4]. However, in 
hospitalised children diagnosed as gastroenteritis of probable viral origin in Toronto, 
picobirna-parvovirus was detected in 14% [5]. In a small sample of HIV-positive and HIV-
negative Venezuelan children with and without diarrhoea, no picobirnavirus was detected 
[6]. In a case-control study of children in a Brazilian slum, torovirus antigen was detected 
in 27% of children with acute diarrhoea, in 27% of children with persistent diarrhoea, and 
not in healthy controls [7]. Infection with torovirus seemed to be associated with infections 
with enteroaggregative E.coli. The association of torovirus and gastroenteritis has also 
been shown in an immunocompromised hospitalised paediatric population in Canada [8]. 
The contribution of these pathogens to gastroenteritis in the Netherlands needs to be 
studied, and can help further decrease the diagnostic deficit. Because all stool samples 
from the general practice-based study and the community-based study are stored under 
various conditions, additional testing for these pathogens is possible. These additional tests 
can provide community- and general practice-based incidence estimates for illness 
associated with these pathogens and their prevalence in healthy controls. 
The increase seen in the incidence of NLV infection, since the development of RT-PCR 
compared to EM, shows the importance of a sensitive test and raises the question whether a 
large part of the diagnostic deficit is attributable to known pathogens [9,10]. For other viral 
pathogens, such as astrovirus, several testing methods are currently being compared, to 
estimate the sensitivity of PCR compared to ELISA. For Campylobacter, we have seen that 
detection decreases in samples that took longer to reach the lab. Apparently, for culturing 
this bacterium, shipping conditions are of importance, and might be optimized. Also, 
bacterial pathogens were detected less in samples collected one week after the onset of 
symptoms, compared to samples collected immediately after the onset. Because sampling 
of GP-consulting patients usually occurs at least one week after the onset of symptoms, 
this suggestes that in general practice and in laboratory-based surveillance, the detection 
rate of bacterial pathogens is most likely an under-estimate. 

Pathogenicity 
Several possible pathogens were detected in the same percentage of controls as of cases. 
For some of these pathogens it is not clear if they are commensals in the human 
gastrointestinal tract or whether illness in cases has resulted from the infection. 
Dientamoeba fragilis was detected in 20% of cases, and is in frequency a parasite of 
importance. However, because stool samples fixated in SAF (sodium acetate, acetic acid 
and formalin) and specific expertise are required to detect Dientamoeba fragilis, not much 
study has been done on this parasite [11]. If these infections do lead to illness, it needs to 

151 



General discussion 

be studied why they are so common in healthy persons. Data from the studies presented in 
this thesis can be used to identify characteristics of cases associated with illness possibly 
resulting from Dientamoeba fragilis infection, by comparing ill and healthy persons with 
this parasite. Keystone has suggested that infection with Dientamoeba fragilis might lead 
to illness only at a very young age [12]. This is supported by our finding that in the age 
groups of 0-14 years, Dientamoeba fragilis was more frequent in cases than in controls, 
whereas in the older age groups, the opposite was observed. Further comparisons are 
necessary to clarify the pathogenicity of this pathogen. Also, for other pathogens such as 
Giardia lamblia, it is not clear why some persons developed illness and others do not. In 
addition to characteristics of the pathogen, this might be influenced by genetic make-up of 
the host. The study of genetic factors that are crucial in the development of clinical illness, 
can be an important aid in the identification of susceptible groups, in estimating the effects 
of intervention, and in the development of vaccines [13]. 

Transmission 

Person-to-person transmission was the main transmission route for NLV, SLV and 
rotavirus. Informing the public and specific occupational groups about the risks associated 
with contact with a person with diarrhoea or vomiting is therefore needed. 
For NLV, it was shown that foodborne transmission also plays an important role. However, 
the precise role of foodborne transmission and the methods of contamination of food 
products need to be investigated. A new project has started in 2001 under the 51'1 

framework of the European Union ("Foodborne viruses in Europe"), which aims to collect 
data on foodborne viral outbreaks across Europe, to study the incidence of foodborne viral 
infections, study mechanisms that lead to the emergence of new variants of NLV, study the 
sensitivity and specificity of virus detection in food, and identify high-risk foods for viral 
infections. Preliminary data suggest that international common-source outbreaks may play 
an important role in the epidemiology of NLV. A new recombinant type of NLV was 
introduced to several countries, including the Netherlands, via contaminated oysters. Also, 
another new type was introduced, which was first detected in the Netherlands in the 
outbreak described in chapter 7. These new types each caused 25% of all outbreaks 
diagnosed in the Netherlands in the winter of 2000-2001 [14]. 
For other pathogens that were found to be frequent in the Netherlands, such as 
Campylobacter, Giardia lamblia, and Cryptosporidium, information about the relevant 
modes of transmission is still limited. Current assumptions are mainly based on the 
prevalence of these pathogens in several reservoirs. 

For Campylobacter, the main reservoir is poultry and other livestock. However, recently, 
several findings have shown that the role of poultry might be more limited than assumed 
[15]. Preliminary analyses of the risk factors for Campylobacter in the general-practice 
based case-control study showed no relation with the consumption of poultry. Furthermore, 
fluoroquinolone resistance in human isolates is lower in summer, the peak season for 
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Campylobacter infections [16]. Since fluoroquinolone resistance is assumed to result 
mainly from the use of fluoroquinolones in poultry, this might indicate that especially in 
the peak season, other modes of transmission of Campylobacter are of importance, such as 
consumption of raw milk and contact with pets [17]. Currently, a case-control study on 
Campylobacter is being prepared among laboratory-confirmed cases and community 
controls to identify risk factors and their contribution to the occurrence of Campylobacter 
infection. The decreasing trend of Campylobacter in laboratory-based surveillance from 
1996-1999 has changed into an increasing trend since 2000 [18]. Therefore, additional 
preventive activities seem warranted. However, these can only be developed if the relevant 
modes of transmission are identified. 

Outbreak surveillance in the United States and in England have shown that waterborne 
transmission of Cryptosporidium is an important mode of transmission in these countries, 
through drinking water as well as recreation in surface water [19-21]. In the Netherlands, 
Cryptosporidium and Giardia are present in surface waters, but the methods of purifying 
drinking water are different and more effective for the elimination of parasites. Drinking 
water is mostly produced from (deep) ground water and is extensively filtered through 
sand dunes as opposed to the production of drinking water from surface waters and more 
focus on chlorination in the cleaning process as is done in England and the United States 
[22]. Therefore drinking-waterborne outbreaks are less likely to occur. However, 
transmission through recreational contact with water is a potential risk that needs 
investigation. A surveillance system that traces outbreaks that might be waterborne is 
necessary to investigate the importance of this mode of transmission. In addition, sampling 
of swimming pools and surface water used for recreation can provide insight in the 
potential risk of these modes of transmission. Also, for the Netherlands, there is only 
limited information on the role of person-to-person and zoonotic transmission, the other 
main potential modes of transmission for these two parasites [19,23]. Studies in other 
countries have shown that one of the major risk settings for transmission of 
Cryptosporidium and Giardia lamblia are day-care centres [19,24-26,38]. The high 
percentage of infected animals poses a potential risk for human infection, but the role and 
importance of zoonotic transmission is not yet clear [19,24,27]. An analysis of both the 
community-based and the general-practice based case-control studies indicated swimming 
as an important risk factor for Giardia lamblia. In addition, subtyping of Cryptosporidium 
and Giardia lamblia can help clarify which reservoirs are of importance to human 
infections. 

Identified risk factors and relevant modes of transmission need to be transformed into 
practical prevention possibilities. In some cases, this might require further investigation. 
For NLV, illness in food handlers is commonly found as the cause of outbreaks [28,29,36]. 
The example presented in this thesis revealed that the food handler did not seem to be fully 
aware of the risk of vomiting in a place where food was prepared. This indicates the 
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importance of educating food handlers about the risk of viral transmission through 

vomitus, and about the difficulties in eliminating NLV contamination. 

The preventive activities in the poultry industry were fully implemented in 1997 and a 

decreasing trend for Salmonella Enteritidis in broiler chicken was observed since then. 

However, the aim of decreasing infection in flocks to 10% was not reached in spite of 

extensive efforts. For Campylobacter, only a marginal decrease was established indicating 

that essential knowledge about the introduction of this bacteria in poultry flocks is lacking 

[30]. Campylobacter- and Salmonella-free poultry does not seem a feasible goal by this 

type of intervention. Apart from an increase in the measures in the poultry industry, an 

additional measure was implemented. Raw meat that might be contaminated with 

Salmonella or Campylobacter should be tagged with a label stating that this meat might be 

contaminated. In addition, the risk of cross-contamination and the necessity to thoroughly 

heat this meat should be stated clearly. Decontamination of meat products by irradiation is 

a relatively new and efficient method to reduce contamination. However, there are (still) 

several potential public concerns about irradiation, including the safety of irradiated food 

and of the technology, and the risk of slipping of hygienic standards [31]. 

Surveillance of epidemic gastroenteritis 

Many gastrointestinal pathogens have the ability to cause outbreaks, either by spread from 

person to person or from a common-source, which poses a major threat because of the 

sudden and large impact. Surveillance of outbreaks in The Netherlands is based on data 

collected by the Inspectorates for Health Protection and Veterinary Public Health, which 

focus on foodborne outbreaks, and the Municipal Health Services. However, only a small 

proportion of outbreaks is covered by this system, and in general foods are tested for 

bacterial pathogens and bacterial toxins only. Surveillance of outbreaks for Norwalk-like 

viruses from 1994 onwards has already shown that NLV is the most important nonbacterial 

pathogen causing outbreaks in the Netherlands [32,33], but because the detection of this 

virus is performed only at the national institute and not at regional level, it is not included 

in the routine testing. Encouraging regional laboratories to incorporate this test in their 

routine diagnostics would greatly reduce the diagnostic deficit and create a continuous 

monitoring system for NLV. Although currently detection of NLV is done by molecular 

methods, recent advances suggest that an ELISA-type assay may become available in the 

near future, which will greatly increase the feasibility of more routine testing at regional 

level [34]. This assay will be evaluated in the coming winter season. So far, detection 

methods for NLV in food are only operational in oysters and water, and still in 

development for other food products [35-37]. 

For parasites, a role in outbreaks is also suspected based on the experiences in other 

countries, but never proven in the Netherlands [20,24,38,39]. A pilot project (the 

eXplosion project) in cooperation with the Inspectorate for Health Protection and 
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Veterinary Public Health and the Municipal Health Services has started in 2001 in one 

region of the Netherlands, to study settings, routes and pathogens involved in outbreaks to 

identify leads for intervention and to improve the working process of handling such 

outbreaks. In 2002, this project might be expanded to the national level. So far, only a 

limited number of outbreaks have been investigated and in none of the outbreaks parasites 

were identified as the cause. 

In addition, electronic laboratory-based surveillance data of several pathogens, including 

Salmonella, Campylobacter, Shigella, E.coli 0157, and rotavirus, are screened weekly for 

unexpected increases that might indicate an outbreak. An application was developed that 

detects changes above a tolerance level in the number of positive samples by time, 

geographical location or age groups, compared to historical data of the number of positive 

samples for these pathogens [40]. The appropriate Municipal Health Service and 

Inspectorate for Health Protection and Veterinary Public Health are informed of these 

outbreaks and if investigation seems feasible and can lead to intervention, action is taken in 

cooperation with the National Institute of Public Health and the Environment. In addition 

to the national system, an international network, Enternet, is functioning, in which all 

participating countries provide surveillance information on the circulating phagetypes of 

Salmonella and Verocytotoxin producing E.coli and unexpected trends [41]. 

Health burden 

Disease-adjusted life years (DALYs) are the sum of life years lost by premature mortality 

and years lived with disability, weighted with a factor between 0 and 1 for the severity of 

disease. An extrapolation of the health burden associated with Campylobacter to 

gastroenteritis as a whole shows that the health burden of gastroenteritis is likely to be in 

the same range as that of Down's syndrome, violence, meningitis, and accidental 

drowning. The health burden of these very different diseases can only be compared, if 

incidence and severity are combined in one measure. Although there is much discussion 

about the estimates of the severity weights, comparable estimates are necessary for policy 

makers [42]. Decisions are based more and more on rational estimates, and DALYs can 

provide these estimates. The analyses of the health burden of Campylobacter has shown 

that it is feasible to give fairly robust estimates of DALYs associated with mild and brief 

diseases. However, this analysis was based on data collected up to 1995, and an update 

with new information will give more up-to-date estimates. Also, estimates of the health 

burden of other pathogens are still lacking. The fact that NLV is more frequent in 

community cases, and Campylobacter is more frequent in the relatively severe cases in the 

general practices, raises the question which one should have priority in prevention. In 

addition to feasibility and costs of intervention, this choice should also be based on the 

comparison of the health burden of these pathogens in a measure that combines both the 

incidence and the severity of disease, such as DALYs. 
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Chronic gastroenteritis 
The study of gastroenteritis cases in general practices showed that a substantial part of all 
presenting cases have symptoms for more than four weeks, and in the majority of these 
cases no pathogen was detected. Hardly any information is available on chronic 
gastroenteritis and its infectious causes in developed countries. These syndromes constitute 
a more severe burden for persons involved, and therefore deserve an additional focus in the 
study of gastroenteritis. Dientamoeba fragilis was associated with chronic gastroenteritis, 
and the potential of this parasites to cause chronic symptoms needs to be studied. In 
addition, testing of the stored stool samples for other pathogens might identify pathogens 
that are associated with more chronic gastroenteritis. 

Rotavirus vaccination 
A cost-benefit analyses for the Netherlands, based on the data from all studies combined, 
showed that introduction of a vaccine with the efficacy of the RRV-TV vaccine (that was 
introduced in 1998 and later withdrawn) would be cost-effective when the costs of a 
complete vaccination are less than 12 to 27 EUR [43]. Currently, no vaccines available and 
the decision on implementation of a new vaccine can only be made when costs and 
efficacy are known. 

Surveillance of trends 
Although much of the required information for gastroenteritis is available, we need to 
monitor the possible occurrence of changes. The continuous morbidity registration of the 
Netherlands Institute of Health Services Research provides a monitoring system for 
clinical gastroenteritis. Laboratory-based surveillance can be used to follow trends for the 
pathogens that are included in a surveillance system. However, the link between 
gastroenteritis in general practice and gastroenteritis in a laboratory-based system is still 
largely a black box. An English study has shown that for every stool submitted to the 
laboratory, 4 cases present to a general practitioner and 22 occur in the community. This 
ratio strongly differed by pathogen, from 3 community-cases with Salmonella for every 
Salmonella in the laboratory to 1562 community-cases with NLV for every NLV-positive 
sample in the laboratory [44]. The situation in the Netherlands is likely to differ from that 
in England., as can already be seen in the difference in GP-consultation percentage for 
gastroenteritis (England 17%. The Netherlands 5%) [44]. In 2001, registration of 
gastroenteritis in the continuous morbidity registration of the Netherlands Institute for 
Health Services Research includes additional information on whether or not 
microbiological testing is requested. Furthermore, an additional questionnaire is completed 
for each case for whom microbiological testing is requested, addressing the reasons for the 
request, the pathogens tested for and the results. This system will provide insight in the 
procedures for requesting microbiological testing by general practitioners and will 
hopefully clarify at least part of the black box between general practice and laboratory. 
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However, the laboratory-based surveillance system includes not only samples from general 
practice-based patients, but also from hospital-based patients. An analysis of the data from 
the pilot of the ISIS system in Arnhem has shown that approximately 50% of all stool 
samples submitted to this laboratory are from hospitalised patients. The percentage 
originating from hospitals in the positive samples differs for the various pathogens. 
Information about the requesting physician is therefore required to interpret data from this 
surveillance-system in relation to data concerning other case groups. Also, information on 
age, gender and region are required to interpret trends in laboratory-based surveillance 
data, which is still lacking for Campylobacter. 

For some pathogens additional surveillance systems are required because no diagnostic 
tests for these pathogens are performed routinely at regional laboratories, either because of 
the lack of a test or expertise or because they are hardly ever requested. For NL V, an 
outbreak-based surveillance might be more efficient than one based on individual patients, 
because the occurrence of outbreaks is very common and more easily detected than 
individual patients. For other pathogens that are not covered by laboratory surveillance, 
such as Giardia lamblia and Cryptosporidium, their role in outbreaks is not yet clear, but 
might be clarified by their inclusion in the eXplosion project. However, for these 
pathogens we also need surveillance systems that cover individual patients, which requires 
the availability of expertise and tests at the regional level or the collection of additional 
data. The most efficient scheme would be to collect samples from patients presenting to 
general practitioners. A sampling scheme designed to select the patients at highest risk for 
these parasites would include patients with symptoms for more than one week for Giardia 
lamblia. Other distinguishing factors can be found in the literature, but were not found in 
our studies. 

In conclusion, the role of viral pathogens in gastroenteritis is clearly more important than 
current preventive activities would suggest. Because person-to-person transmission is the 
main mode of transmission for these viruses, research should focus on identifying specific 
activities that facilitate transmission. Increasing the awareness of the population and of 
specific occupational groups, such as food handlers and persons working in day-care 
centres and nursing homes, about the risk of person-to-person transmission and the specific 
hygienic activities that decrease these risks will decrease the incidence of viral 
gastroenteritis. Also, for NLV, the knowledge that food can easily get infected by 
symptomatic or even asymptomatic food handlers needs to be propagated, and replace the 
thought that only temperature mismanagement poses a major risk for the contamination of 
food. For the main bacterial pathogens, Salmonella and Campylobacter, attempts to 
eliminate infection from its (main) reservoir have only succeeded partially. Therefore 
prevention should work on both sides of the food chain: decreasing in the level of 
infections in reservoirs and in parallel decreasing the risk of transmission by informing 
consumers on food and kitchen hygiene. In addition, the sources of human 
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campylobacteriosis should be investigated. For Cryptosporidium and Giardia lamblia, 
their role in outbreaks needs to be established as well as the contribution of waterborne 
transmission in the Netherlands. For approximately half of all gastroenteritis cases no 
causal pathogen was detected. In this selection of patients, the highest percentage of more 
chronic symptoms is found. Since these chronic symptoms constitute a major part of the 
disease burden of gastroenteritis, further study on this group of patients is required. The 
percentage that can be attributed to several new pathogens will be investigated by using the 
stored stool samples from the general practice-based study and the community-based 
study. Possibly, some of these pathogens are related to more chronic gastroenteritis. 
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Gastroenteritis is an inflammation of the gastrointestinal tract that can be caused by a wide 
range of infectious and non-infectious causes. Gastroenteritis is defined by its clinical 
picture, characterised mainly by diarrhoea and vomiting. Worldwide, gastroenteritis causes 
substantial mortality and morbidity. In industrialized countries the mortality due to 
gastroenteritis is limited, but the morbidity remains high. The infectious causes of 
gastroenteritis include a wide range of bacteria, viruses and parasites. This thesis describes 
the results of several studies that estimate the incidence of gastroenteritis and associated 
pathogens, and the disease burden, health burden, and risk factors for specific pathogens. 
The results are mainly based on two studies on gastroenteritis: a community-based study, 
and a general practice-based study. The community-based study consisted of a prospective 
cohort study (weekly follow-up of two consecutive cohorts of 6 months each), and a nested 
case-control study. The general-practice based study consisted of weekly enumeration by 
general practitioners of consultations for new episodes of gastroenteritis, as well as a 
nested case-control study of patients consulting for gastroenteritis and controls consulting 
for other reasons. Cases and controls from both studies completed a questionnaire and 
submitted stools samples that were tested for a broad panel of pathogens. Data from both 
studies were used to estimate the incidence of gastroenteritis and associated pathogens in 
the community and in general practices, and to identify risk factors for the main viral 
pathogens. More insight in transmission of caliciviruses was obtained by an outbreak 
investigation. In addition, a hospital-based study was performed to estimate the number of 
hospitalisations for rotavirus. In combination with estimates on the disease burden of 
rotavirus from the two main studies, these data were used to estimate the expected effects 
and cost-effectiveness of a rotavirus vaccination. Finally, an analysis of all available data 
on Campylobacter was performed to estimate the health burden associated with this 
pathogen. 

The incidence of gastroenteritis in the community was 283 per 1000 person years, 
indicating that annually approximately 4.5 million episodes of gastroenteritis occur in the 
Netherlands (Chapter 2). The incidence of consultations for gastroenteritis in general 
practices was estimated at 14 per 1000 person years, indicating that annually 
approximately 220.000 persons consult a general practitioner (GP) for gastroenteritis 
(Chapter 3 and 5). 

In community cases, viral pathogens were the most prominent pathogens detected in 21% 
of cases, with Norwalk-like viruses (NLV) as the most frequent ones (11%), followed by 
rotavirus (4%). Bacterial pathogens were detected in only 5% of community-cases, with 
Campylobacter as the leading one (2%). Pathogenic parasites were detected in 6% of 
community cases, with Giardia lamblia as the most frequent parasite (4%). Bacterial 
toxins were detected in 9% of cases, with 5% being attributable to Staphylococcus aureus 
A, B, C or D. The debatably pathogenic parasite Dientamoeba fragilis was detected in 20% 
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of cases. However, Giardia lamblia. Staphylococcus aureus, and Dientamoeba fragilis 

were equally frequent in controls as in cases (Chapter 2). In GP-consulting cases, 

Campylobacter was the most common pathogen, accounting for 10% of cases, followed by 

rotavirus (5%), NLV (5%), Giardia lamblia (5%). and Salmonella (4%) (Chapter3). 

Shigella, pathogenic types of Yersinia, VTEC, Cyclospora and Entamoeba histolytica are 

relatively rare pathogens in the Netherlands, accounting for 1% or less of both community-

cases and cases in general practices. 

In both studies, only in about half of the cases, a pathogen was detected. Additional testing 

for torovirus, rotavirus group B and C, picobirnavirus, enteroviruses, enterotoxinogenic 

E.coli, and enteroaggregative E.coli of the samples stored from both studies might decrease 

the diagnostic deficit. In addition, Dientamoeba fragilis was frequently detected, but 

because of its debated pathogenicity, not included as a pathogen. Studying host-related 

factors associated with the ability of this parasite to cause illness, might also result in a 

decrease of the diagnostic deficit, especially in cases with more chronic gastroenteritis, in 

whom this parasite was even more frequent. 

The relative importance of pathogens clearly depended on the age group under study. In 

cases under 5 years of age, rotavirus, and NLV, were detected most frequently. In cases of 

5 years and older, Campylobacter was the most frequently detected pathogen in consulting 

cases, and NLV in community cases (Chapter 2 and 4). 

An analysis of data of the general practice-based study showed that several illness-related 

characteristics were associated with infection with a specific pathogen (Chapter 4). Viruses 

were associated with a short duration of symptoms before consultation of less than 4 days, 

bacteria with symptoms of 1-7 days and parasites with symptoms longer than 7 days. 

Furthermore, blood in the stool was indicative for Campylobacter, fever for 

Campylobacter, Salmonella and rotavirus, and vomiting for rotavirus and NLV. The 

association between detection rates and illness- and patient-related characteristics can be 

used by general practitioners as tools for requesting diagnostic tests more efficiently 

(Chapter 4). 

The detection of the various pathogens also depended on the moment of sampling. The 

detection rate of bacteria in samples collected one week after the onset of symptoms was 

only half that in samples collected as soon as possible after the onset of symptoms. For 

viruses, samples collected after one week resulted in slightly lower detection rates. For 

parasites, detection rates were similar for different moments of sampling, but testing 

several samples increased the total percentage positive for parasites. Therefore, differences 

in the moment of sampling and the number of samples taken, should be taken into account 

when interpreting detection rates (Chapter 5). 

Overall, 5% of all gastroenteritis cases consulted a general practitioner in person. 

However, the consultation rate was higher for the 0-year-olds and was strongly correlated 

with severity of disease, as also reflected by the association with longer episodes, fever, 

abdominal cramps, blood in the stool, and a frequency of stools of 6 or more in 24 hours. 
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When using general practice-based data for the extrapolation to community-based 
estimates, it should be considered that a selection of relatively severe cases, with a long 
duration of symptoms is included, resulting in a relatively large representation of bacterial 
gastroenteritis at general practice level and a relatively small representation of viral 
gastroenteritis (Chapter 5). 

Transmission of the viral pathogens occurred primarily from symptomatic persons to 
others. However, for NLV, a significant association between food handling hygiene and 
infection suggested that foodborne and possibly waterborne transmission also play an 
important role. Roughly, more than 10% of NLV-gastroenteritis was likely to be 
attributable to contaminated food (or water) entering the household. For rotavirus-
gastroenteritis, food handling hygiene did have an impact, but less pronounced than for 
NLV. For SLV-gastroenteritis only contact with symptomatic persons was identified as a 
risk factor. (Chapter 6). The investigation of an outbreak caused by NLV emphasizes that 
improper hygiene during food preparation can result in illness of hundreds of cases. Yet, it 
also showed how use of modem epidemiological, technological and virological techniques 
can help to find the source of contamination rapidly (Chapter 7). Increasing the awareness 
of the public and specific occupational groups, like persons working in day-care centres 
and nursing homes, about the risks of person-to-person transmission will help decrease the 
incidence of viral gastroenteritis. For food handlers, the risk of contamination of food by 
symptomatic or even presymptomatic food handlers should be stressed, as well as 
difficulties in eliminating NLV from areas and surfaces. Food handlers without symptoms, 
but living in a household where someone has gastroenteritis, should be aware of their 
increased risk of being infective. 

For Campylobacter, the important transmission routes need to be investigated. For Giardia 
lamblia and Cryptosporidium their role in outbreaks and the risk waterborne transmission 
through recreational contact with surface water should be investigated. 
Lhe incidence of hospitalisations for rotavirus infection in children aged 0 to 4 years 
ranged between 1.6 and 3.5 per 1000 person-years, indicating that annually in the 
Netherlands 1500-3500 children are admitted for a rotavirus infection. The median 
duration of hospital stay was 3 days. A cost-benefit analyses for the Netherlands, based on 
the data from all studies combined, showed that introduction of a vaccine with the efficacy 
of the RRV-TV vaccine (that was introduced in 1998 and later withdrawn) would be cost-
effective when the costs of a complete vaccination are less than 12 to 27 EUR. Currently, 
no vaccines are available and the decision on implementation of a new vaccine can only be 
made when costs and vaccine efficacy are known. (Chapter 8). 

Disability-adjusted life years (DALYs) are the sum of life years lost by premature 
mortality and years lived with disability, weighted with a factor between 0 and 1 for the 
severity of disease. The estimated disease burden of Campylobacter infections was 1400 
DALY annually (90% confidence interval 900-2000). The main determinants of the health 
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burden were gastroenteritis (440 DALY), gastroenteritis-related mortality (310 DALY), 
and residual symptoms of the Guillain-Barré syndrome (340 DALY). This indicates that 
the health burden of gastrointestinal pathogens is under-estimated when only acute 
episodes of gastroenteritis are accounted for. An extrapolation of the health burden 
associated with Campylobacter to gastroenteritis as a whole, shows that the health burden 
of gastroenteritis is likely to be in the same range as that of Down's syndrome, violence, 
meningitis, and accidental drowning. (Chapter 9). 

Results of this thesis can be used as baseline estimates and leads for future preventive 
activities, as an evaluation for preventive activities that are already in place, and for 
estimates of the effects of planned interventions. 
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Gastro-enteritis is een ontsteking van het maagdarmkanaal die veroorzaakt kan worden 
door een breed scala van infectieuze en niet-infectieuze oorzaken. Gastro-enteritis wordt 
gedefinieerd aan de hand van het klinisch beeld, dat voornamelijk wordt gekarakteriseerd 
door diarree en braken. Wereldwijd veroorzaakt gastro-enteritis een substantiële mortaliteit 
en morbiditeit. In geïndustrialiseerde landen is de mortaliteit ten gevolge van gastro-
enteritis beperkt, maar de morbiditeit blijft hoog. Tot de infectieuze oorzaken van gastro-
enteritis behoren een groot aantal bacteriën, virussen en parasieten. In dit proefschrift 
worden de resultaten beschreven van verschillende studies op basis waarvan een schatting 
wordt gemaakt van de incidentie van gastro-enteritis en de geassocieerde pathogenen. de^ 
ziektelast, en de risicofactoren. 

De resultaten zijn voornamelijk gebaseerd op twee onderzoeken over gastro-enteritis: een 
populatie-onderzoek en een huisartsenpeilstation-onderzoek. Het populatie-onderzoek is 
opgezet als een prospectieve cohortstudie (wekelijkse follow-up van twee opeenvolgende 
cohorten) met een genest patiënt-controle-onderzoek. Het huisartsenpeilstation-onderzoek 
bestond uit wekelijkse enumeratie door huisartsen, met eveneens een genest patiënt
controleonderzoek van patiënten die consulteren voor gastro-enteritis en controles die 
consulteren voor andere klachten. Patiënten en controles van beide studies vulden een 
vragenlijst in en verzamelden fecesmonsters, die werden getest op een breed scala van 
pathogenen. De data van beide studies werden gebruikt voor het schatten van de incidentie 
van gastro-enteritis en geassocieerde pathogenen in de algemene bevolking en in de 
huisartsenpraktijk en voor het identificeren van risicofactoren voor de belangrijkste virale 
pathogenen. Meer inzicht in de transmissie van Norwalk-like virussen werd verkregen door 
het onderzoeken van een outbreak. Daarnaast werd een studie uitgevoerd in ziekenhuizen 
om het aantal ziekenhuisopnamen voor rotavirus te schatten. In combinatie met schattingen 
van de ziektelast van rotavirus van de twee andere studies, worden deze data gebruikt om 
de verwachte effecten en de kosten-effectiviteit van een rotavirus vaccinatie te schatten. 
Tevens is een analyse uitgevoerd om de gezondheidslast van Campylobacter te schatten op 
basis van de beschikbare data. 

De incidentie van gastro-enteritis in de algemene bevolking was 283 per 1000 
persoonjaren, wat omgerekend 4,5 miljoen episodes van gastro-enteritis per jaar betekent 
in Nederland (Hoofdstuk 2). De incidentie van consulten voor gastro-enteritis in de 
huisartsenpraktijk was 14 per 1000 persoonjaren, wat betekent dat jaarlijks een consult 
wordt gepleegd voor 220.000 episodes van gastro-enteritis in Nederland (Hoofdstuk 3). 
In patiënten in de algemene bevolking waren virale pathogenen de belangrijkste, 
aangetoond in 21% van de patiënten, met Norwalk-like virussen (NLV) als de meest 
frequente (11%), gevolgd door rotavirus (4%). Bacteriële pathogenen werden aangetoond 
in slechts 5% van de patiënten in de algemene bevolking, waarbij Campylobacter de 
belangrijkste was (2%). Pathogène parasieten werden aangetoond in 6% van patiënten in 
de algemene bevolking, waarbij Giardia lamblia de meest frequente was (4%). Bacteriële 
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toxinen werden aangetoond in 9% van de patiënten waarvan 5% toegeschreven kon 

worden aan Staphylococcus aureus A,B,C of D. De mogelijk pathogène parasiet 

Dientamoeba fragilis werd aangetoond in 20% van de patiënten. Echter, Giardia lamblia, 

Staphylococcus aureus, en Dientamoeba fragilis werden even frequent aangetoond bij 

controles als bij patiënten (Hoofdstuk 2). In huisarts-consulterende patiënten was 

Campylobacter de meest frequente pathogeen, verantwoordelijk voor 10% van de 

patiënten, gevolgd door rotavirus (5%), NLV (5%), Giardia lamblia (5%) en Salmonella 

(4%) (Hoofdstuk 3). Shigella, pathogène types van Yersinia, VTEC, Cyclospora en 

Entamoeba histolytica zijn relatief zeldzame pathogenen in Nederland, verantwoordelijk 

voor 1% of minder van zowel de patiënten in de algemene bevolking als in de 

huisartsenpraktijk. 

In beide studies, werd slechts in ongeveer de helft van de patiënten een pathogeen 

aangetoond. Aanvullende testen voor torovirus, rotavirus groep B en C, picobirnavirus, 

enterovirussen, enterotoxinogene E.coli en enteroaggregatieve E. coli op de opgeslagen 

fecesmonsters van beide studies kunnen mogelijk het diagnostisch deficit verkleinen. 

Bovendien, werd Dientamoeba fragilis vaak aangetoond, maar vanwege de discussie over 

de pathogeniciteit van deze parasiet, is deze niet meegeteld als pathogeen. De studie van 

gastheer-gerelateerde factoren geassocieerd met de mogelijkheid van deze parasiet om 

ziekte te veroorzaken, kan eveneens resulteren in een afname van het diagnostisch deficit, 

met name in patiënten met meer chronische gastro-enteritis, in welke deze parasiet nog 

frequenter werd aangetoond. 

Het relatieve belang van de pathogenen was duidelijk afhankelijk van de bestudeerde 

leeftijdsgroep. In patiënten jonger dan 5 jaar werden rotavirus en NLV het meest frequent 

gevonden. In patiënten van 5 jaar en ouder was Campylobacter de meest frequent 

aangetoonde pathogeen in consulterende patiënten en NLV in patiënten in de algemene 

bevolking. 

Een analyse van de data van de huisartsenpeilstation-onderzoek toonde dat verschillende 

ziekte-gerelateerde factoren waren geassocieerd met specifieke pathogenen (Hoofdstuk 4). 

Virussen werden geassocieerd met een duur van klachten voor consultatie van minder dan 

4 dagen, bacteriën met klachten van 1-7 dagen en parasieten met klachten van meer dan 7 

dagen. Bovendien was bloed in de ontlasting indicatief voor Campylobacter, koorts voor 

Campylobacter, Salmonella en rotavirus en braken voor rotavirus en NLV. De associaties 

tussen de detectie en ziekte- en patiënt-gerelateerde factoren kunnen door huisartsen 

worden gebruikt als handvat voor het efficiënt aanvragen van diagnostische testen 

(Hoofdstuk 4). 

De detectie van de verschillende pathogenen was tevens afhankelijk van het moment van 

monstername. Het percentage waarin bacteriën werden aangetoond in fecesmonsters die 

een week na het begin van de klachten waren verzameld, was slechts de helft van dat in 

monsters die direct na het begin van de klachten waren verzameld. Het percentage waarin 

virussen werden aangetoond was iets lager in monsters verzameld na een week, vergeleken 
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met directe monstername. De percentages waarin parasieten werden aangetoond waren 
vergelijkbaar op de verschillende momenten van monstername, maar het testen van 
meerdere monsters verhoogde het percentage van de patiënten waarin een parasiet werd 
aangetoond. Verschillen in het moment van monstername en in het aantal monsters dat 
getest is moeten daarom in beschouwing worden genomen bij het interpreteren van detectie 
percentages (Hoofdstuk 5). 

In het totaal consulteerde 5% van alle gastro-enteritis patiënten een huisarts op het 
spreekuur. Het consultatie-percentage lag echter hoger voor O-jarigen en was sterk 
gecorreleerd met de ernst van de ziekte, zoals ook te zien is m de associatie met lange 
episodes, koorts, buikkramp, bloed in de ontlasting en een frequentie van ontlasting van 6 
keer of meer in 24 uur. Als de data van de huisartspeilstation-onderzoek worden 
geëxtrapoleerd naar schattingen voor de algemene bevolking, moet er rekening mee 
gehouden worden dat een selectie van relatief ernstige patiënten met een lange duur van 
klachten is bestudeerd, waardoor een grote representatie van bacteriële gastro-enteritis is 
vertegenwoordigd en een kleine van virale gastro-enteritis (Hoofdstuk 5). 
Transmissie van virale pathogenen vond voornamelijk plaats van symptomatische 
personen naar anderen. Voor NLV werd echter ook een significante associatie van hygiëne 
in de voedselbereiding en infectie aangetoond. Dit suggereert dat voedsel- en mogelijk 
water-gerelateerde transmissie ook een belangrijke rol speelt. Ruwweg, kon meer dan 10% 
van de NLV-gastroenteritis worden toegeschreven aan voedsel (of water) dat besmet het 
huishouden binnen komt. Ook voor rotavirus-gastroenteritis kon een associatie worden 
aangetoond met hygiëne in de voedselbereiding, maar minder duidelijk dan voor NLV. 
Voor SLV-gastroenteritis kon alleen het contact met symptomatische gastro-enteritis 
patiënten als risicofactor worden geïdentificeerd (Hoofdstuk 6). Het onderzoek van een 
explosie van NLV-gastroenteritis benadrukte nogmaals dat onvoldoende hygiëne tijdens de 
voedselbereiding kan resulteren in honderden zieken. Tevens werd duidelijk hoe met het 
gebruik van moderne epidemiologische, technische en virologische technieken snel de 
bron van besmetting kan worden geïdentificeerd (Hoofdstuk 7). Een toename in de 
bewustwording van de bevolking en specifieke beroepsgroepen, zoals mensen werkzaam 
m de kinderopvang en in verpleeg- of verzorgingshuizen, zal helpen de incidentie van 
virale gastroenteritis terug te dringen. Voor personen werkzaam in de voedselbereiding 
dient het risico van besmetting van voedsel door symptomatische of zelfs asymptomatische 
voedselbereiders te worden benadrukt, evenals de problemen met de eliminatie van NLV 
van ruimten en oppervlakken. Voedselbereiders zonder symptomen van gastro-enteritis, 
maar wonend in een huishouden met een persoon met gastro-enteritis, moeten zich bewust 
worden van hun verhoogde kans om besmet te zijn. 

De belangrijkste transmissie-routes voor Campylobacter moeten worden onderzocht. Voor 
Giardia lamblia en Cryptosporidium dient hun rol in outbreaks en het risico op transmissie 
via recreatief contact met water te worden bestudeerd. 
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De incidentie van ziekenhuisopnamen voor rotavirus-infecties in kinderen van 0-4 jaar 

varieerde van 1,6 tot 3,4 per 1000 persoonjaren, wat betekent dat jaarlijks 1500 tot 3500 

kinderen worden opgenomen wegens een rotavirus-infectie in Nederland. De mediane duur 

van opname was 3 dagen. Een kosten-baten-analyse voor Nederland, gebaseerd op de data 

van alle studies, toonde dat introductie van een vaccin met de effectiviteit van het RRV-TV 

vaccin (dat werd geïntroduceerd in 1998, maar later teruggetrokken) kosten-effectief is als 

de kosten van een complete vaccinatie minder zijn dan 12-27 Euro. Momenteel zijn er 

geen vaccins op de markt en het besluit over implementatie van een nieuw vaccin kan 

alleen genomen worden als de kosten en effectiviteit van het vaccin bekend zijn (Hoofstuk 

8). 

Disability-adjusted life-years (DALYs) zijn de som van het aantal levensjaren verloren 

door voortijdig overlijden en het aantal levensjaren met ziekte gewogen met een factor 

tussen de 0 en de 1 voor de ernst van de ziekte. De geschatte ziektelast van Campylobacter 

infecties was 1400 DALY per jaar (90% betrouwbaarheidsinterval 900-2000). De 

belangrijkste determinanten van de gezondheidslast waren gastroenteritis (440 DALY), 

gastroenteritis-geassocieerde mortaliteit (310 DALY), en rest-symptomen van Guillain-

Barré syndroom (340 DALY). Dit laat zien dat de gezondheidslast van gastrointestinale 

pathogenen wordt onderschat indien alleen rekening wordt gehouden met de acute 

episodes van gastro-enteritis. Een extrapolatie van de gezondheidslast geassocieerd met 

Campylobacter naar gastro-enteritis als geheel, laat zien dat de gezondheidslast van gastro-

enteritis waarschijnlijk vergelijkbaar is met die van het syndroom van Down, geweld, 

meningitis en verdrinken door ongeval (Hoofdstuk 9). 

De resultaten beschreven in dit proefschrift kunnen worden gebruikt als baseline 

schattingen en handvaten voor toekomstige preventieve activiteiten, als een evaluatie van 

reeds geïmplemteerde preventieve activiteiten, en voor schattingen van het effect van 

geplande interventies in de toekomst. 
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Mijn co-promotoren Yvonne van Duijnhoven en Marion Koopmans, wil ik graag hartelijk 

danken voor hun intensieve steun. Yvonne, waarschijnlijk is het niet altijd duidelijk 

geweest, maar ik ben je erg dankbaar voor het feit datje altijd klaar staat en altijd tijd 

maakt om mee te denken en kritisch alles te lezen. Marion, hartelijk dank voor het delen 

van je inhoudelijk kennis, voor het onvermoeibaar blijven aangeven van het het kader en 

het belang van het onderzoek in dit proefschrift. 
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wil ik hartelijk danken voor hun openheid en bereidheid tot discussie waardoor mijn kennis 
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Leeuwen, Wim Wannet en Jan Vinjé wil ik in het bijzonder bedanken, voor het meedenken 
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Martien Borgdorff wil ik hartelijk bedanken voor de enthousiaste start, en voor de 
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Arie Havelaar wil ik hartelijk danken voor het feit dat hij mij betrokken heeft bij zijn werk 

aan DALY's. Marc-Alain wil ik hartelijk bedanken voor de fijne samenwerking bij het 
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waarop de resultaten van dit proefschrift zijn gebaseerd: Isabel Araya, Carolien de Jager, 

Jan Vinjé, Titia Kortbeek, Nan van Leeuwen, Denise Hoek, Nahid Nozari, Jeroen Meijer, 

Sandy Alterna, Joke Admiraal, Harmeke Deijl, Petra de Bree. Els Benschop, Ab Schaap, 

alle deelnamende NIVEL-peilstations, alle deelnemers aan het Sensor-project, Remy 

Hirasing, en alle kinderartsen die deel hebben genomen aan de NSCK-rotavirus studie. 

Aad Bartelds wil ik hartelijk danken voor zijn bijdrage vanuit het NIVEL in het 

huisartsenpeilstationonderzoek en het Sensor-project. 

Nico Nagelkerke wil ik hartelijk danken voor zijn statistische ondersteuning en de heldere 

manier waarop hij een klein beetje van zijn enorme wijsheid wist te delen. 

Alle CIE-ers natuurlijk hartelijk bedankt voor de leuke werksfeer, waarin iedereen altijd 

klaar staat om over de vragen van een ander na te denken. Wilfrid van Pelt, bij jou kon ik 

al mijn frustraties kwijt en kreeg ik altijd weer positieve woorden over mezelf terug, en 
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daarnaast hulp over, voor mij, nieuwe manieren van analyseren en een hele nieuwe kijk op 
data. En zeker niet te vergeten een heleboel humor. Annette de Boer, hartelijk dank voor je 
eerlijke en integere kijk op het werk en de gezellige gesprekken. 
Natuurlijk waren voor het werk aan dit proefschrift niet alleen mensen op het werk van 
belang maar tevens mijn vrienden en familie die na werktijd voor mij klaarstonden. Al 
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