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Summary 

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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