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Etiology of gastroenteritis in sentinel general practices 

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. 
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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. 
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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. 
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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. 

60 
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'////////, 
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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. 
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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 

61 



Etiology of gastroenteritis in sentinel general practices 

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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