
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Epidemiology of gastroenteritis in the Netherlands

de Wit, M.A.S.

Publication date
2002

Link to publication

Citation for published version (APA):
de Wit, M. A. S. (2002). Epidemiology of gastroenteritis in the Netherlands. [, Universiteit van
Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/epidemiology-of-gastroenteritis-in-the-netherlands(71bf75a6-1a2c-40ba-abd0-deadd4316dc7).html


CHAPTER 10 

General discussion 

147 



General discussion 

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 
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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. 

References 
1. Tompkins DS, Hudson MJ, Smith HR, Eglin RP, Wheeler JG, Brett MM, Owen RJ. Brazier JS, 

Cumberland P, King V, Cook PE. A study of infectious intestinal disease in England: microbiological 

findings in cases and controls. Commun Dis Public Health 1999;2(2): 108-113. 

2. Haffejee IE.The pathophysiology, clinical faetures and management of rotavirus diarrhoea. Q J of Med 

1991;79(228):289-299. 

3. Nilsson M, Svenungsson B, Hedlund KO, Uhnoo I, Lagergren A, Akre T, Svensson L. Incidence and 

genetic diversity of group C rotavirus among adults. J Infect Dis 2000;182(3):678-684. 

4. Cascio A, Bosco M, Vizzi E, Giammanco A, Ferraro D, Arista S. Identification of picobirnavirus from 

faeces of Italian children suffering from acute diarrhea. Eur J Epidemiol 1996;12(5):545-547. 

5. Barnett BB. Other viruses with etiologic roles in childhood gastroenteritis. Pediatr Infect Dis 1986;5(1 

Suppl):S75-82. 

6. Liste MB, Natera I, Suarez JA, Pujol FH, Liprandi F, Ludert JE. Enteric virus infections and diarrhea in 

healthy and human immunodeficiency virus-infected children. J Clin Microbiol 2000;38(8):2873-2877. 

7. Koopmans MP, Goosen ES, Lima AA, McAuliffe IT, Nataro JP, Barrett LJ, Glass RI, Guerrant RL. 

Association of torovirus with acute and persistent diarrhea in children. Pediatr Infect Dis J 1997;16(5):504-

507. 

8. Jamieson FB, Wang EE, Bain C, Good J, Duckmanton L, Pétrie M. Human torovirus: a new nosocomial 

gastrointestinal pathogen. J Ifect Dis 1998; 178(5): 1263-1269. 

9. Glass RI, Noel J, Ando T, Fankhauser R, Belliot G, Mounts A, Parashar UD, Bresee JS, Monroe SS. The 

epidemiogy of enteric caliciviruses from humans: a reassessment using new diagnostics. J Infect Dis 

2000;I81 (supp!2):S254-261. 

10. Koopmans MPG, Vinjé J, Wit M de, Leenen 1, Poel W van der, Duynhoven Y van. Molecular 

epidemiology of human enteric caliciviruses in the Netherlands. J Infect Dis 2000;181(suppl 2):S269-299. 

11. Mank TG, Zaat JOM, Blotkamp J, Polderman AM. Comparison of fresh versus sodium acetate acetate 

acid formalin preserved stool specimens for diagnosis of intestinal protozoal infections. Eur J Clin 

Microbiol&Infect Dis 1995;14:1076-1081. 

12. Keystone JS, MacPherson D, Navas L. The clinical significance of Dientamoebiasis [Abstract]. Presented 

at the 41" Annual Meeting of the American Society of Tropical Medicine, Seattle, WA, Nov 15-19, 1992. 

13. Abel L, Dessein AJ. Genetic epidemiology of infectious diseases in humans: design of population-based 

studies. Emerg Infect Dis 1998;4(4):593-603. 

14. Koopmans, M., Vennema H., LeGuyader, F., Brown, D., for the European consortium on foodborne 

viruses. Foodborne viruses in Europe: a combined research and surveillance network. American Society for 

Virology, 20th Annual Meeting. Madison, Wisconsin USA, 2001.Abstract W53-7,pl60. 

15. Corry JEL, Atabay HI. Poultry as a source of Campylobacter and related organisms. J Applied Microbiol 

2001;90(suppl):96-ll4. 

158 



General discussion 

16. TalsmaE, Goettsch, Nieste WG. Schrijnemakers PM, Sprenger MJ. Resistence in Campylobacter 

species: increased resistance to fluoroquinolones and seasonal variation. Clin Infect Dis 1999;29(4):845-848. 

17. Altekruse SF, Stern NJ, Fields PI, Swerdlow DL. Campylobacter jejuni—an emerging foodborne 

pathogen. Emerg Infect Dis 1999;5(l):28-35. 

18. Pelt W van, Ronveaux O, Wit MAS de, Wannet WJB, Duynhoven YTHP van. Laboratory surveillance of 

bacterial gastroenteritis in the Netherlands, 1991-1999. (Submitted). 

19. Juranek DD. Cryptosporidiosis: sources of infection and guidelines for prevention. Clin Infect Dis 

1995;21:S57-6I. 

20. Centers for Disease Control and Prevention. Surveillance for waterborne-disease outbreaks—United 

States, 1997-1998. MMWR Morbid Mortal Wkly Rep 2000;49(SS4):l-35. 

21. Fayer R, Morgan U, Upton SJ. Epidemiology of Cryptosporidium: transmission, detection and 

identification. Int J Parasitol 2000;30:1305-1322. 

22. Medeina GJ. Cryptosporidium and Giardia: new challenges to the water industry. Thesis. Ipskamp, 

Amsterdam, The Netherlands, 1999. 

23. Flanagan PA. Giardia—diagnosis, clinical course and epidemiology. A review. Epidemiol Infect 

1992;109:1-22. 

24. Thompson RCA. Giardiasis as a re-emerging infectious disease ant its zoonotic potential. Int J Parasitol 

2000;30:1259-1267. 

25. Pickering LK, Woodward WE, DuPont HL, Sullivan P. Occurrence of Giardia lamblia in children in day 

care centers. J Pediatr 1984;104(4):522-526. 

26. Cordell RL, Addiss DG. Cryptosporidiosis in child care settings: a review of the liter and 

recommendations for prevention and control. Pediatr Infect Dis J 1994;13(4):310-3 17. 

27. Fang G, Aurojo V, Guerrant RL. Enteric infections associated with exposure to animals or animal 

products. Infect Dis Clin North Am 1991 ;5(3):681-701. 

28. Gaulin C, Frigon M, Poirier D, Fournier C. Tranmission of calicivirus by a foodhandler in the pre-

symptomatic phase of illness. Epidemiol Infect. 1999;123:475-478. 

29. Patterson W, Haswell P, Fryers PT, Green J. Outbreak of small round structured virus gastroenteritis 

arose after kitchen attendent vomited. CDR Rev 1997;7:R101-103. 

30. Zoonoses and zoonotic agents in humans, food, animals and feed in the Netherlands. W van Pelt and SM 

Valkenburgh (eds.). Keuringsdienst van Waren, PO box 1608, 2500RC Den Haag, september 2001. 

31. Tauxe RV. Food safety and irradiation: protecting the public from foodborne infections. Emerg Infect Dis 

2001:7(3) (Suppl):516-521. 

32. Vinjé J, Koopmans MPG. Molecular detection and epidemiology of small round-structured viruses 

(SRSV) in outbreaks of gastroenteritis in the Netherlands. J Infect Dis 1996;174:610-615. 

33. Vinjé J, Altena SA, Koopmans MPG. The incidence and genetic variability of small round-structured 

viruses in outbreaks of gastroenteritis in the Netherlands. J Infect Dis 1997;176:1374-1378. 

34. Jiang, X., Huang, P., Goudar, R., Farkas, T., Zhong, W., and Green, K. Development of a polyvalent 

ELISA using hyperimmune antisera against nine strains of NLV.American Society for Virology, 20' Annual 

Meeting. Madison, Wisconsin USA, 2001 Abstract W 47-7. pl48. 

35. Schwab KJ, Neill FH, Le Guyader F, Estes MK, Atmar RL. Development of a reverse transcription-PCR-

DNA enzyme immunoassay for detection of "Norwalk-like" viruses and hepatitis A virus in stool and 

shellfish. Appl Environ Microbiol 2001;67(2):742-749. 

36. Daniels NA. Bergmire-Sweat DA, Schwab KJ, Hendricks KA, Reddy S, Rowe SM, Fankhauser RL, 

Monroe SS, Atmar RL, Glass RI, Mead P. A foodborne outbreak of gastroenteritis associated with Norwalk-

like viruses: first molecular trace-back to deli-sandwiches contaminated during preparation. J Infect Dis 

2000;181:1467-1470. 

159 



General discussion 

37. Schwab KJ, Neill FH, Fankhauser RL, Daniels NA, Monroe SS, Bergmire-Sweat DA, Estes MK, Atmar 
RL. Development of methods to detect Norwalk-like viruses (NLVs) and hepatitis A virus in delicatessen 
foods: application to a food-horne NLV outbreak. Appl Environ Microbiol 2000;66(1):213-218. 

38. Ang LH. Outbreak of giardiasis in a daycare nursery. Commun Dis Public Hlth 2000;3(3):212-218. 

39. Furtado C, Adak GK, Stuart JM, Wall PG, Evans HS, Casemore DP. Outbreaks of waterborne infectious 
intestinal disease in England and Wales, 1992-5. Epidemiol Infect 1998;121:109-1 19. 

40. Pelt W van, Leeuwen WJ van, Duynhoven YTHP van. Een opzet voor early warning van Salmonella 
infecties. Infectieziektenbulletin 1998; 4. 

4L Fisher 1ST, on behalf of the Enter-net participants. The Enter-net international surveillance network -
how it works. Eurosurveillance monthly 1999;5:52-55. 

42. Anand S, Hanson K. Disability-adjusted life years: a critical review. J Hlth Econ 1997:16:685-702. 

43. Weite R, Jager JC, Duynhoven YTHP van, Wit MAS de. Economic evaluation of rotavirus vaccination in 
the Netherlands. Poster. 6,h annual international meeting of the Internation Society for Pharmocoeconomics 
and Outcomes Research (1SPOR). Arlington, VA, USA. May 2001. 

44. Wheeler JG, Sethi D, Cowden JM, Wall PG. Rodrigues LC, Tompkins DS, Hudson MJ, Roderick PJ. 
Study of infectious intestinal disease in England: rates in the community, presenting to general practice, and 
reported to national surveillance. Brit Med J 1999;318:1046-1050. 

160 


