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SUMMARY
Results of the Dutch laboratory surveillance of bacterial gastroenteritis between 1991 and 2001
are presented and compared with recent ﬁndings in general practices and in the community.
Between 1996 and 2000 the mean annual number of stools screened by sentinel laboratories
was about 1000 samples/100 000 inhabitants, which is 4% of the estimated annual incidence of
gastroenteritis in the Dutch population. Campylobacter (36/100 000 inhabitants) and salmonella
(24/100 000 inhabitants) were the main pathogens isolated. Since 1996, the incidence of laboratory
conﬁrmed salmonellosis decreased by 30%, predominantly among young children. The incidence
of campylobacter was highest in urban areas and Salmonella Enteritidis emerged as the
predominant serotype in urban areas. Between 1991 and 2001, multi-resistant Salmonella
Typhimurium DT104 emerged to comprise up to 15 % of all salmonella isolates in 2001.
Reported rates of Shigella spp. and Yersinia spp. varied little, with average annual incidences
of 3.2 and 1.2 cases/100 000 inhabitants, respectively. Escherichia coli O157 (90 % STEC) was
scarcely found (0.26/100 000).

INTRODUCTION
In developed countries gastrointestinal diseases represent a major public health burden, although the
related mortality is low [1, 2]. The epidemiology of gastrointestinal infections has changed considerably in the
last 10–20 years due to the global trade in food with
changes in the area of primary food production, food
processing and resultant changes in eating habits.
In the last 10 years, epidemiological studies in The
Netherlands in general practices [3, 4] and the general
* Author for correspondence : National Institute of Public Health
and the Environment, Department for Infectious Diseases Epidemiology, PO Box 1, 3720 BA Bilthoven, The Netherlands.

population [5, 6] have provided insight into the incidence of gastroenteritis, the magnitude of the attendant health burden and the risk factors for infection.
These formal epidemiological studies, however are
not able to provide a detailed insight into the relative
importance of rare bacterial species, serotypes and
phage types and their trends. In order to implement
and evaluate appropriate control measures for these
pathogens, continuous surveillance and assessment
is necessary. For instance, detailed information on the
circulating sero- and phage types of Salmonella spp.
in humans and farm animals in The Netherlands has
proved to be extremely valuable in outbreak detection
and linking animal reservoirs to human infections [7].
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Surveillance of gastroenteritis in The Netherlands consists of several systems : (1) laboratory surveillance of
bacterial pathogens by the regional public health laboratories, (2) numbers of gastroenteritis consultations
by a network of sentinel GPs, (3) surveillance of
foodborne outbreaks reported to Food Inspection
Agencies and (4) the mandatory notiﬁcation of foodborne outbreaks and some speciﬁc pathogens. In addition, since 1999, the system is supplemented by an
intensiﬁed surveillance of STEC O157 [8].
Data on salmonella and STEC O157 are contributed on a monthly basis to the ENTERNET network [9] and reported on a yearly basis in addition
to campylobacter to the Federal Institute for Health
Protection of Consumers and Veterinary Medicine
(BgVV), Berlin, which collects data on zoonotic
pathogens in European countries (under directive 92/
117/EEC).
This study presents the results of the laboratory
surveillance of Campylobacter spp., Salmonella spp.,
Shigella spp., Yersinia spp. and Escherichia coli serotype O157 by the Dutch regional public health laboratories from 1991 to 2001.

MATERIALS AND METHODS
Laboratory surveillance system
The Dutch laboratory surveillance network for gastroenteric pathogens started in 1987 and consists of 15
out of 16 regional public health laboratories (PHL)
serving mainly general practices but also distinct and
university hospitals as well. For each patient, a standardized form is completed for the ﬁrst isolates of
Salmonella spp., Shigella spp. and Yersinia spp. Since
April 1996, Escherichia coli serotype O157 (sorbitolnegative isolates that agglutinate with E. coli O157
antiserum) that may produce verocytotoxin, has also
been reported. PHLs send the forms by mail or fax to
the Department of Infectious Diseases Epidemiology
(CIE) at the National Institute of Public Health and
the Environment (RIVM), where since 1991 the data
have been entered into a computer and thus available
in electronic format. Data accompanying the laboratory results include information on age, sex, place of
residence, recent stay abroad of the patient, type and
date of sampling, probable source of infection and
information on the strain (species and serotype, if
determined). First isolates of Salmonella spp. and
E. coli O157, from human and non-human sources,
are sent to the National Reference Centre at the

RIVM, for conﬁrmation, further serotyping, and/or
phage typing and/or molecular typing, and sensitivity
testing to antibiotics of relevance. Since April 1994,
a weekly form is sent by each laboratory summarizing
the number of all ﬁrst isolates of the pathogens (genus
level) identiﬁed that week, and the number of isolates
sent to the RIVM for further typing. The weekly form
includes the total number of stools screened which
serves as a proxy for the number of consultations
sought by gastroenteritis patients in the region. From
April 1995 onwards, Campylobacter spp. has been
included in the weekly form and since April 1996
E. coli O157 and the number of stools tested for this
pathogen has been included. In addition to the weeklysummarized laboratory data on Campylobacter spp.,
data on campylobacter infections in individual
patients has been obtained electronically from two
laboratories for the years 1996–2001. The collection
of laboratory data on Yersinia spp. stopped in January 1997.

Data analysis
Results are presented for the period 1991–2001. For
each year, the population size by municipality, stratiﬁed by age and sex, was obtained from the National
Bureau for Statistics and incidences were calculated
with the appropriate denominators adjusted for the
degree of coverage. Incidences were analysed by level
of urbanization [10], deﬁned on a scale from 1 (large
cities : >2500 addresses per km2) to 5 (municipalities
in the country : <500 addresses per km2). Each urbanization class represents approximately 20% of the
Dutch population.
Denominator population
The coverage of the PHLs was estimated at the community level, based on data compiled since 1984 of
isolates of Salmonella spp. which it is mandatory to
send to RIVM for serotyping and phage typing. For
each community and each year the consistency of
coverage by a PHL was checked. In this way, communities were noted that belonged to the regular
region and hence the regular population covered by
a PHL. Including the data from those communities
not covered regularly, the eﬀective population of each
PHL was estimated. Summing up the 15 PHLs, the
surveillance network has a 52.7% regular coverage
and 61.8% eﬀective coverage of the Dutch population, ﬁgures that varied only slightly between 1991
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Table 1. Summary statistics of laboratory submitted faeces and laboratory conﬁrmed cases of gastroenteritis
(data are obtained from the weekly and individual forms from the laboratories combined, between 1996 and
2000, supplemented with data on gastroenteritis from the Dutch GP sentinel (1996–9 [4] ) and population study
(1999 [6] ))
Positive
stools
( %)
Estimated cases
Stools*
Campylobacter spp.*
Salmonella spp.*
Shigella spp.*
Yersinia spp.#
Escherichia coli O157$
(4.2 % stools tested)

6.19
3.46
2.28
0.31
0.13
0.01
(0.33)

Gastroenteritis
cases/100 000
(laboratory
surveillance)

Estimated gastroenteritis cases for the whole of The Netherlands

1037
35.9
23.7
3.2
1.16
0.26

163 384
5650
3729
507
181
40

Laboratory
surveillance

Consultations
among GPs [4]

Patients in the
general population [6]

220 000

4 460 000

23 200
8600
n.e.
n.e.
n.e.

107 000
53 500
n.e.
n.e.
n.e.

* 1996–2000 data covering 9.75 million inhabitants.
# 1991–6 data covering 9.50 million inhabitants.
$ 1997–2000 data covering 5.45 million inhabitants.
n.e. ; not estimated.

and 2001. From 1991 to 1995 the mean eﬀective
coverage was 9.50 million inhabitants and between
1996 and 2001, 9.75 million inhabitants.
In 2000, all Dutch laboratories were surveyed on
their protocol for testing verocytotoxin-producing
E. coli O157 and numbers of isolates found. This
survey showed that the PHLs found 38 % of E. coli
O157 isolates in The Netherlands in 2000. Taking into
account that in previous years only some of the PHLs
looked for this pathogen in stools, it is estimated that
between 1997 and 2000 the surveillance for this
pathogen by PHLs covered an average of 5.45 million
inhabitants.
For Campylobacter spp., the incidences by age are
derived from two PHLs that have an eﬀective coverage between 1996 and 2000 of 0.33 and 0.69 million
inhabitants respectively. The incidences by level of
urbanization are derived from the second laboratory
using the coverage from the regularly covered communities, averaging 0.60 million inhabitants between
1996 and 2000.
RESULTS

fairly constant in this period (Table 2) and covers
about 98 % of the materials screened for these bacteria. Between 1996 and 2000 bacterial pathogens were
recovered in 6.2 % the stools screened by the PHLs ;
Campylobacter spp. was the main pathogen isolated
3.5% of stools, followed by Salmonella spp. in 2.3 %.
In the same period the number of isolates of Campylobacter spp. (up to 1999) and Salmonella spp. decreased, almost 10 and 30 %, respectively (Table 2).
Over the years, S. Enteritidis has progressively
emerged as the predominant serotype of Salmonella
spp., replacing S. Typhimurium. Both however have
decreased in absolute numbers of isolates reported
since 1996. Between 1991 and 2001 multi-resistant
S. Typhimurium DT104 emerged as the most prevalent salmonella type, whilst the dominant phage type
of S. Enteritidis, phage type 4, decreased. The number
and spectrum of species and/or serotypes of reported
Shigella spp. (1991–9) and Yersinia spp. (1991–6)
varied little in the periods indicated (Table 2), with
average incidences of 3.2 and 1.2 cases/100 000 inhabitants, respectively (Table 1). In 2000 and 2001 the
number of reported Shigella spp. was clearly lower
than in the 9 years before.

Summary statistics and general trends
Between 1996 and 2000 the average annual number of
stool specimens screened in the 15 PHLs was 1037
specimens per year/100 000 inhabitants, i.e. about
163 000 per year for the whole of The Netherlands
(Table 1). This ﬁgure for stool specimens has been

Species, serotype and phage type distribution
The predominant serotypes of Salmonella spp. between 1996 and 2001 were S. Enteritidis and S. Typhimurium, comprising 75 % of all isolates (Table 3).
Phage type 4 decreased from more than 90 % of all
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Table 2. Trends between 1999 and 2001 in the incidence (per 100 000 inhabitants) of reported Campylobacter
spp., Salmonella spp., Yersinia spp., faecal samples tested in total and the portion tested for E. coli O157 and the
number of reported E. coli O157 isolates. The percentage contribution of the phage types DT104 and PT4 to their
respective serotypes S. Typhimurium and S. Enteritidis is indicated
1991
Stools tested*
E. coli O157 tests#
E. coli O157
Campylobacter spp.*
Salmonella spp.*
S. Typhimurium
( % DT 104)
S. Enteritidis
( % PT 4)
Shigella spp.*
Yersinia spp.·
*
#
$
·

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

—
—
—
—
—
—
—
—
29.3 26.5
10.1
9.8
4%
6%
10.1
8.9
90 % 85 %
3.2
3.7
1.07 1.31

—
—
—
—
28.7
10.2
8%
10.8
86 %
3.1
1.16

—
—
—
—
29.7
7.4
13 %
14.7
77 %
3.3
1.36

—
1076
1070
1043
1038
978
948
—
2.4 %
2.4 %
4.0 %
5.4 %
5.2 %
6.4 %
—
3$
9
13
15
19
24
—
38.9
37.7
35.2
32.9
34.8
37.0
.
.
.
.
.
.
30 1
29 0
25 7
22 7
21 0
20 1
20.1
.
.
.
.
.
.
84
10 1
80
69
67
59
6.9
18 %
21 %
26 %
27 %
32 %
29 %
43 %
14.5
12.6
11.6
9.7
8.5
9.3
8.6
81 %
84 %
83 %
76 %
68 %
63 %
60 %
3.5
3.4
3.6
3.6
3.3
2.4
2.3
1.18
0.91
—
—
—
—
—

1996–2001 data covering 9.75 million inhabitants.
1997–2001 data covering 5.45 million inhabitants.
From 1 April.
1991–6 data covering 9.50 million inhabitants.

Table 3. Distribution of most frequently reported salmonella types in The Netherlands, 1996–2001 from
15 PHLs. The 2001 values for phage types. S. Enteritidis PT4 and S. Typhimurium DT104 are in parentheses
Serotype/Phage type

N

%

Serotype

N

%

S. Enteritidis
(S. Enteritidis PT4)
S. Typhimurium
(S. Typhimurium DT104)
S. Infantis
S. Hadar
S. Brandenburg
S. Bovismorbiﬁcans
S. Virchow
S. Panama

5863
4332
4361
1267
248
244
214
212
182
122

43.3
32 (25.9)
32.2
9.4 (14.8)
1.8
1.8
1.6
1.6
1.3
0.9

S. Goldcoast
S. Typhi
S. Livingstone
S. Derby
S. Newport
S. Paratyphi B
S. Agona
S. Braenderup
Other serotypes
Total

120
106
97
86
71
68
64
62
1412
13 532

0.9
0.8
0.7
0.6
0.5
0.5
0.5
0.5
10.5
100

phage types of S. Enteritidis in 1991 to 60 % in 2001;
multi-resistant DT104 was the principal phage type of
S. Typhimurium, comprising about 30% of all isolates up to 2000 and 43% in 2001.
Between 1991 and 2001, the relative importance of
shigella species hardly changed. S. sonnei represented
58 % of all reported shigella cases, S. ﬂexneri 32.1%,
S. boydii 5.4 %, S. dysenterica 3.2 % and other or unknown species 1.3%.
Between 1991 and 1996 the species and serotype
distribution of infections with Yersinia spp. hardly
changed. Y. enterocolitica represented 88.8 % of all
species, Y. frederiksenii 0.9%, Y. pseudotuberculosis
serogroup-1 0.6%, Y. intermedia 0.3%, Y. kristensenii 0.2% (n=1), and unknown or unreported species

9.2 %. Serotyping of yersinia isolates by the PHLs
decreased during the 1991–6 surveillance period from
almost 100% in 1991 to 60 % in 1996. The main serogroups were O :3 (59 %) and O :9 (13 %), together
almost 75 % of all Y. enterocolitica strains. Slight variations in the occurrence of serogroups O :6 (5 %) ; O :5
(7.5%) and O :7,8 (4 %) over time were usually
related to small outbreaks. Other serogroups included
O :5,27 (2.5%, not included into O :5) ; O :6,30 (1.5%,
not included into O : 6) and O :7,13 (1 %). The average
age of people infected by serogroup O :3 was lower
than for the other serogroups combined (22 years
compared to 36 years).
Between April 1996 and December 2001 an increasing number of stools was screened for E. coli
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Fig. 1. Incidence per 100 000 inhabitants by age group. Data on Salmonella spp. and Shigella spp. are for 1996–2001 from 15
PHLs covering 9.75 million inhabitants and on Yersinia spp. for 1991–6 covering 9.50 million inhabitants. 1996–2001 data
on Campylobacter spp. are for two PHLs covering 1.01 million inhabitants.

O157 (Table 2). Of isolates sent to the RIVM by
the PHLs 83 were conﬁrmed as E. coli O157 ; 90.3 %
of them were verocytotoxin-producing either VT1
(2.4 %), or VT2 (57.8%) or both (30.1%) ; 85.5 % of
isolates contained the E. coli attaching and eﬀacing
gene (eae). H-typing showed 39 % to be of the H7
type, all but one verocytotoxin producing.
Age
Age-speciﬁc incidences for laboratory-conﬁrmed
infections with Campylobacter spp. between 1996 and
2001 were available for two regions in The Netherlands (Fig. 1). Incidence was highest among very young
children 0–4 years of age, followed by young adults
15–29 years of age. Incidence gradually decreased in
those over 30 years of age. In the youngest age group
(0–4 years), 30 % more males were found as females,
however 60% more females were found in the age
class 15–29 years (data not shown).
Between 1996 and 2001 the incidence of Salmonella
spp. was clearly highest among young children 0–4
years of age (Fig. 1) but 40 % lower compared to the
period 1991–5 in the same age group (data not shown).
The incidence sharply decreased with age and increased again amongst people 60 years of age and
older. S. Typhimurium was the dominant serotype
amongst children 0–4 years old, and S. Enteritidis
among people 15–60 years of age (data not shown).
The incidence of infections with Shigella spp. was
higher among very young children (0–4 years) and
young adults (15–29 years) compared to other
age groups, especially among females (70 % higher
among females 15–40 years of age than among males,

irrespective of travel history, data not shown). Between 1996 and 2001, the incidence of shigella infection among the middle-aged (45–59 years) was 50 %
higher compared to the years 1991–5.
The highest incidence of laboratory-conﬁrmed
cases of Yersinia spp. infection between 1991–6 was
found among the youngest children (0–4 years) and
decreased with increasing age. Regards E. coli O157,
most isolates were found among the youngest children
0–4 years of age (23 %), least among adults 15–44
(10 %), and increasing again in individuals 45 years
old or over.
Seasonality
Between 1996 and 2001, the number of stools tested
was higher at the end of the winter as well as in the
summer and early autumn (Fig. 2). Between 1996 and
2001, reports of Campylobacter spp., Shigella spp.
and Salmonella spp. all had clear peaks in summer.
At the end of May reports of Campylobacter spp.
strongly increased and peaked in early September.
Reports of shigella and salmonella peaked a few
weeks later than campylobacter and reached a higher
peak incidence (Fig. 2). Seasonality of Yersinia spp.
is least pronounced but is signiﬁcantly isolated more
between the end of March and the beginning of
August. Of the 83 E. coli O157 isolates 49 % were
found between June and August (not shown in Fig. 2).
Urbanization
The occurrence of Campylobacter spp. by level of
urbanization between 1996 and 2001 could be
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4·2

Faeces samples
Campylobacter spp.
Salmonella spp.

Week fraction of year total (%)

3·6

Shigella spp.
3·0

Yersinia spp. (1991–1996)

2·4
1·8
1·2
0·6

22 Dec

8 Dec

24 Nov

27 Oct

10 Nov

13 Oct

29 Sep

15 Sep

1 Sep

18 Aug

21 Jul

4 Aug

7 Jul

9 Jun

23 Jun

26 May

12 May

28 Apr

14 Apr

31 Mar

3 Mar

17 Mar

4 Feb

18 Feb

7 Jan

21 Jan

0

Week

U1 (urban)

40

U2
U3
U4

35

U5 (rural)

30

Laboratory-confirmed cases /100 000 inhabitants

45

6·0

4·5

3·0

1·5

0

25
20

Laboratory- confirmed cases/100 000 inhabitants

Laboratory- confirmed cases /100 000 inhabitants

Fig. 2. Seasonal distribution of stools screened and of positive results of ﬁrst isolates of Campylobacter spp., Salmonella spp.
and Shigella spp. between 1996 and 2001. Reports of Yersinia spp. are for 1991–6.

15
10
5
0
Campylobacter spp.

Salmonella spp.

Shigella spp.
(1991–1995)

Shigella spp.
(1996 – 2001)

S.Enteritidis

S.Typhimurium

14
12
10
8
6
4
2
0

Fig. 3. Incidence per 100 000 inhabitants by level of urbanization. Data on Salmonella spp. and Shigella spp. are for
1996–2001 from 15 PHLs covering 9.75 million inhabitants and for 1991–6 covering 9.50 million inhabitants. 1996–2001
data on Campylobacter spp. are for one PHL covering 0.60 million inhabitants.

determined for one region in The Netherlands (Fig. 3).
Although cities with more than 100 000 inhabitants
(urbanization grade 1) do not occur in this region,
clearly, the incidence is much lower in the rural than
the urban areas. The reverse holds for Salmonella spp. :
between 1996 and 2001 the incidence is signiﬁcantly

lower in the larger Dutch cities than in the rest of the
country. S. Enteritidis emerged between 1991 and
2001 as the dominant serotype in most cities whilst
S. Typhimurium still dominates in the rural areas
(Fig. 3). Between 1996 and 2001, the incidence of
Shigella spp. was higher in the urbanized areas (grades
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1–3) compared to more rural areas (grades 4–5). The
higher occurrence in the larger cities is considerably
less pronounced than it was in the period 1991–5
(Fig. 3). No clear trend was seen for Yersinia spp.
Travel history
Between 1996 and 2001, recent travel abroad was
reported in 6.3% of the patients with a laboratoryconﬁrmed salmonella infection. Compared to this
overall ﬁgure the relative risk that an infection with
S. Enteritidis was contracted abroad was 0.8 and that
for S. Typhimurium even lower, 0.3. Nonetheless,
infections with these two serotypes are responsible for
the majority of all infections of salmonella-infected
patients that reported travelling. The relative risk
(RR) that an infection was contracted abroad was
highest for S. Paratyphi B (RR=9.4) followed by
S. Typhi (RR=8.5), S. Virchow (RR=2.7) and
S. Hadar (RR=2.1), all included in the list of most
frequently reported salmonella serotypes in The
Netherlands (Table 3). Infections with S. Typhi have
dropped by half since 1991. Mediterranean countries
were the most likely source for S. Enteritidis and
S. Typhimurium infections acquired abroad. Indonesia was the most likely source for travel-associated
infections of S. Typhi followed by Morocco, India
and Pakistan. Travel-associated S. Paratyphi B infections were most likely contracted in Turkey, followed
by Indonesia and Morocco.
Up to 1994, a recent travel history was reported in
33 % of patients with a laboratory-conﬁrmed shigella
infection, but this increased to an average of 49 %
after 1994. The majority of reported foreign countries
were developing countries, whilst very few cases reported recent travel to Europe (3 %) or North America (0.1 %). From 1996 to 2001 the countries to
which the highest number of cases of shigella infection
could be attributed were Egypt (13 %), India (12 %),
Turkey (12 %), Indonesia (8 %) and Morocco (6 %).
S. boydii was recovered more frequently from patients
who visited North Africa (29 %) or Central Asia
(33 %) ; S. sonnei from North Africa (34 %) ; S. dysenterica from the Indian subcontinent (35 %) ; and
S. ﬂexneri from African countries (45 %) and Asia
(33 %). Between 1997 and 2001, the number of Shigella spp. isolated in patients returning from Egypt
was higher than before 1997: on average 30 as compared to 9 in the preceding 6 years. Apart from Egypt
no other major trend by country of travel over time
was identiﬁed.

437

Between 1991 and 2001, the incidence of reported
cases of shigella in individuals in the age group over
44 years increased from 15% of all cases before 1995
to 23 % of all cases after 1995. This increase was
found to be almost exclusively due to an increase of
cases in this age group with reported travel abroad.
Although overall incidence is highest among the
youngest children, only 24 % of cases under 15 years
reported recent travel abroad, compared to 44 % in all
age groups. Trend analysis showed that the seasonal
peak of cases without a travel history occurred two
weeks after the seasonal peak of cases with a travel
history. When stratiﬁed by age, a delay in the seasonal
peak was observed for the categories 0–15 years
(2 weeks), and 15–40 years (3 weeks), the latter predominantly females. A delay in the seasonal peak
could not be demonstrated clearly for older cases.
DISCUSSION
Comparison with studies in general-practices and
the community
The relationship between laboratory ﬁndings of gastroenteric pathogens, gastroenteritis patients consulting a GP and estimates of the total number of infected
patients in the population is poorly studied [11]. Results are likely to diﬀer between western countries.
Such knowledge is fundamental for studies on the
economic costs and disease burden related to these
infections as have been performed in the United States
[12] and, for Campylobacter spp. and Salmonella spp.,
in The Netherlands [13, 14]. In The Netherlands,
several epidemiological studies have been undertaken
to estimate the incidence of gastroenteritis and associated pathogens (bacteria, viruses and parasites) ;
a study in four regions in The Netherlands in 1991 [5] ;
a nationwide community study in 1999 (Sensor) [6],
and a study among cases consulting a GP in the periods 1992–3 [3] and 1996–9 [4]. For the comparison
of rates derived from the laboratory surveillance with
recent ﬁndings in general practices and in the community, the number of stools screened were used as
a proxy for the number of consulting gastroenteritis
cases (GP consulting and hospital cases) and an estimate was made of the populations covered. It seems
plausible that the estimated 62 % coverage for salmonella applies for campylobacter as well. However, as a
minority of the reports concerns hospital cases the
coverage of more serious diseases like yersiniosis and
shigellosis may be lower and closer to the 38% coverage found for E. coli O157.
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The 1999 estimate of the incidence of gastroenteritis
in the population, was 28 300/100 000 (95 % CI
25 200–31 500) inhabitants, or 4.5 million episodes of
gastroenteritis per year in the whole population in
The Netherlands [6]. Between 1996 and 1999, the
annual incidence of gastroenteritis cases consulting a
GP in The Netherlands was estimated at 1400/100 000
inhabitants, yielding over 220 000 cases per year (4.9%
of total) [15]. Using faecal samples screened by the
PHLs as a proxy for consulting gastroenteritis
patients (GP consulting and hospital cases), yields an
estimate of 163 000 cases per year (3.6% of the estimated total number of cases in the community). The
percentage of positive ﬁndings in stools screened by
the PHLs are much lower in the ﬁrst quarter of the
year (cf. Fig. 2) due to a predominance of faecal
samples sent in for viral infection related gastroenteritis, notably rotavirus [16]. On an annual basis,
bacterial pathogens were recovered in 6.2% of the
stools screened by the PHLs (Table 1), much less than
the 15.7 % found amongst GP-consulting gastroenteritis cases [4]. Clearly (Table 1), campylobacter
was recovered relatively more often than salmonella
among gastroenteritis cases included by the GP in the
sentinel study as in routinely sent in stools screened by
the PHLs. Selection of more severe cases and postponed sampling of stools during a gastroenteritis
episode by GPs may reduce the chances of a positive
ﬁnding more in campylobacter infections than in salmonella infections. Part of the diﬀerence, however,
can also be attributed to the number of stools from
hospital cases (an estimated 25–45 %) screened by
the PHLs that may be selected by severity of disease
as well.
Trends in gastroenteritis and gastroenteric pathogens
An earlier estimate of the incidence of gastroenteritis
in the Dutch population in 1991 of 44 700/100 000
(95 % CI 38 300–51 100) [5] was higher than the above
estimate, for 1999, of 28 300/100 000 suggesting a
major decrease over this decade. However, it has been
argued that this early estimate is an overestimation
[6]. Nevertheless, isolates of the predominant gastroenteric bacteria (Campylobacter spp. and Salmonella
spp.) reported by the PHLs show a decrease since
1996. This is contrary to what is found in most other
developed countries, where laboratory reports of
Campylobacter spp. steadily increased during the
1990s [17] and Salmenolla spp. levelled oﬀ after the
S. Enteritidis epidemic in the 1980s and early 1990s

[18]. In the Unites States, however, recent data shows
a sustained decrease since 1996 of Salmonella spp. and
Campylobacter spp. as well as Yersinia spp. [19]. In
fact, salmonella has more than halved since the 1970s
in The Netherlands, almost entirely due to the reduction of S. Typhimurium and because of a reduction among children between 0– 4 years and
people older than 60 years of age [20]. The decrease
might be due to improved hygiene and more widespread application of HACCP procedures in animal
production chains. Also, media attention has increased
and might have improved public awareness of foodborne infections and knowledge on how to prevent
them. Moreover, meeting European regulations on
protection against zoonotic agents [21], preventive
measures in poultry in The Netherlands implemented
in 1997 and 1998, might have helped to reduce salmonella in recent years. Finally, a lower laboratory
consultation rate due to the deferral policy of GPs in
The Netherlands for gastroenteritis since 1993 [22]
may have played a role as well. However, the latter
cannot explain the trends in recent years, as the annual number of faecal samples screened by the PHLs
between 1996 and 1999 stayed fairly constant. The
predominance of infected patients with Campylobacter spp. and Salmonella Enteritidis in the larger
cities may be related to diﬀerences in exposure (food
and travel) between people in urban and rural areas.
Both agents (contrary to S. Typhimurium) are recognized as related to contamination of poultry meat.
The epidemiology of shigella is associated with a
history of travel abroad. Whilst the total annual
number of cases hardly changed between 1991 and
1999, the number of cases reporting a recent visit to a
foreign country increased from 33% in the years up
to 1994 to 49% after 1994. Thus endemic cases must
have decreased between 1991 and 1999. Especially in
the two biggest cities in The Netherlands, Amsterdam
and Rotterdam, contributing between them 25% of
all cases, active prevention of secondary infection
through contact tracing proved to be successful [23].
The decrease in these cities to a large extent explains
the decrease in 2000 and 2001 and the drop in the
incidence of urbanization level one in recent years.
The reported travel destination countries associated
with shigella infection have also been described in
other European surveillance systems [24]. The postsummer peak is likely to correspond to holidays and
family visits to shigella-endemic countries. The development of exotic tourism, particularly among people
over 44 years may explain the increase over the years
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since 1991 in this age group. There is strong evidence
for secondary transmission of shigella infections as
the seasonal increase appears ﬁrst in those who travelled. This is most clearly found for young children
and is in agreement with a recent Dutch study that
found them to be at a higher risk for infection by
secondary transmission [23]. A seasonal delay was
also found in females in the age group 15–40 years, independent of travel. A predominance of females in
this age group has been found in other studies [25]
and it has been suggested that secondary infection
of females through an infected child might play a role.
Incidence of shigella infections was higher in the cities
which can be explained either by a high proportion of
travellers coming from the city areas or by a higher
proportion of immigrants coming from the at risk
countries residing in the city areas [26] and a higher
secondary attack rate in densely populated areas.
Between 1991 and 1996, the number of isolates of
Yersinia spp. hardly varied. However, in the ﬁrst years
of the surveillance (1989/90), the number of yersinia
isolates was about twice as high as in later years.
This decrease in incidence in the early 1990s has been
observed in neighbouring countries and been attributed to changes in slaughtering procedures, speciﬁcally the prevention of contamination of carcasses by
tonsils and tongues [26]. The main serotypes O :3, and
O : 9 (previously reported in The Netherlands [27])
have often been isolated from pigs (tongue and tonsils) in Northern European countries [28]. Data from
the population study and GP sentinel study indicate
that 1.5 and 0.7% respectively of the gastroenteritis
cases were associated with a Yersinia spp. infection.
However, all were apathogenic types. About the same
ﬁgures were found for controls in these studies. This
may explain, why contrary to the literature, most yersinia isolates reported by the PHLs were found in the
summer months, being a consequence of the larger
number of stools screened in the peak season for salmonella and campylobacter.
So far, only two small clusters of STEC O157 infection have been described in The Netherlands [29].
An estimate of 40 laboratory-conﬁrmed STEC O157
infections per year indicates that this infection may be
rather uncommon in The Netherlands, especially compared to other European countries [30]. As in other
countries [31], a seasonal eﬀect with a peak in the
summer months and early autumn is apparent and
mirrors the shedding season observed in farm animals
in The Netherlands [32]. In the GP sentinel study, one
STEC O157 case was observed and none was found
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in the community study [4, 6]. However, non-O157
STEC infections were found in 0.4 % of the consulting
gastroenteritis cases and 0.2% in the community
study. Non-O157 serotypes have been rarely associated with HUS in The Netherlands, but there are
reports of such an association in other countries [22].
General remarks and recommendations
The number of stools screened was used as a proxy of
consulting gastroenteritis patients but we could not
diﬀerentiate between stools originating from hospitals
and those from general practices. An estimate of number of stools from general practice would be extremely
useful as a denominator for other national surveillance systems facilitating international comparisons.
Infections by pathogens such as Shigella spp.,
S. Typhi and S. Paratyphi B are known to be generally acquired abroad, but this is not so evident from
the laboratory reports. Although travel information
seems highly underreported, it is useful to rank
pathogens and countries of origin of the infection.
The GP sentinel study suggests that about 20 % of
Campylobacter spp. infections are travel-related. This
illustrates how the weekly enumeration of positive laboratory ﬁndings of Campylobacter spp. without any
further patient data is insuﬃcient to understanding
the epidemiology of Campylobacter spp. To be able
to target and evaluate control programmes in The
Netherlands, there should be collection of better data
on campylobacter infections and subsequent epidemiological analysis. This will be achieved by the
steadily increasing number of regions with automated
electronic laboratory surveillance, which this study
has already shown to be extremely valuable. Associations with travel and secondary transmission are
predominant characteristics of Shigella spp. infections. During the 1990s travel-associated Shigella spp.
infections increased mainly in middle-aged and older
people and infections became less restricted to large
cities and to the late summer. Yersinia spp. infections
in The Netherlands seem of limited public health signiﬁcance compared to other enteric pathogens. An
unpublished inventory in 2000 among the PHLs
showed the same level of laboratory-conﬁrmed Yersinia spp. infections as in 1991–6.
Infections with STEC O157 were rare in The
Netherlands and non-O157 STEC infections seem of
limited public health interest, as yet. However, because of the serious disease that can be caused by
STEC infections and developments abroad, all STEC
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infections in humans and animals should be continuously monitored.
Weekly reported typing results, basic patient information and simple denominator information have
been found invaluable both for outbreak detection
and following trends, allowing up-to-date assessment
of basic epidemiological characteristics. Desirable improvements such as timeliness and completeness of
data, and more detailed denominator information will
be supplied in the future by standardized electronic
laboratory surveillance, the coverage of which is rapidly increasing.
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