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SUMMARY

Since 1996 Salmonella Typhimurium DT104 salmonellosis has increased in The Netherlands. This

prompted a case-control study of risk factors for salmonellosis to inform transmission routes for

this phage type. Cases were laboratory-confirmed patients with a Salmonella infection and

controls were selected from population registries by frequency matching for age, sex, degree of

urbanization and season. Cases and controls received a questionnaire on risk factors. Of the 1171

cases, 573 (49%) responded: 245 S. Enteritidis and 232 S. Typhimurium cases (both DT104 and

non-DT104), of which 58 were DT104. Of the 10 250 controls, 3409 (33%) responded. Use of H2

antagonists [odds ratio (OR) 4.4, 95% CI 1.6–12.2] and proton pump inhibitors (OR 4.2, 95%

CI 2.2–7.9), consumption of raw eggs (OR 3.1, 95% CI 1.3–7.4) and products containing raw

eggs (OR 1.8, 95% CI 1.1–3.0) were associated with endemic S. Enteritidis infection. Risk factors

for endemic S. Typhimurium infection were use of proton pump inhibitors (OR 8.3, 95% CI

4.3–15.9), occupational exposure to raw meat (OR 3.0, 95% CI 1.1–7.9), playing in a sandbox

(for children aged 4–12 years) (OR 2.4, 95% CI 1.6–3.7), consumption of undercooked meat

(OR 2.2, 95% CI 1.1–4.1) and use of antibiotics (OR 1.9, 95% CI 1.0–3.4). Use of proton pump

inhibitors (OR 11.2, 95% CI 3.9–31.9) and playing in a sandbox (OR 4.4, 95% CI 1.8–10.7) were

the only risk factors for S. Typhimurium DT104 salmonellosis. This study confirms known risk

factors for salmonellosis. However, playing in a sandbox was a predominant new risk factor for

S. Typhimurium salmonellosis in children [population attributable risk (PAR) 14%], and

especially for S. Typhimurium DT104 (PAR 32%).

INTRODUCTION

Annually, an estimated 4.5 million episodes of

gastroenteritis occur in the Dutch population of 16

million. Around 50000 cases each year are caused

by Salmonella spp. [1]. At least one out of six

cases consults a general practitioner [2–4], resulting in

approximately 3700 laboratory-confirmed cases each

year [4].

The predominant Salmonella serotype in The

Netherlands is S. Enteritidis (40–45% of all isolates),

followed by S. Typhimurium (around 30%) [5].

Although the incidence of salmonellosis has been
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decreasing, the emergence of S. Typhimurium DT104

as the principal phage type of S. Typhimurium since

1996 is worrisome, because of its multi-resistant

character [4, 5–7]. In addition, these cases might be

more severely ill than other S. Typhimurium or

Enteritidis infections [8–10]. Phage type DT104

reached a peak in 2001 accounting for 15% of all

Salmonella isolates and was 10 and 7% in 2002 and

2003, respectively [5, 11]. The emergence of DT104

also occurred in other European countries and the

United States [12–14].

S. Enteritidis infections are mainly associated

with consumption of poultry, eggs and egg-derived

products [15–20], whereas S. Typhimurium can be

found in a broad range of food products and DT104

has internationally been associated with consumption

of beef, pork, chicken, raw milk and raw-milk cheese,

travelling to foreign countries and contact with (farm)

animals or a household member with gastroenteritis

[5, 9, 10, 21–28].

In The Netherlands, S. Enteritidis is the predomi-

nant Salmonella serotype among layer chickens, but

its prevalence is low among broilers. S. Typhimurium

is found in cattle, pigs and sporadically in chicken

[5, 29, 30], but transmission routes for human

DT104 infections in The Netherlands are unclear.

Therefore a case-control study on risk factors for

salmonellosis was conducted, with special attention to

S. Typhimurium DT104.

METHODS

A case-control study on risk factors for salmonellosis

and campylobacteriosis was conducted from April

2002 to April 2003. This article is restricted to the

Salmonella part of the study. Cases were laboratory-

confirmed patients with a Salmonella infection,

identified by examination of faecal samples submitted

to the Regional Public Health Laboratories (RPHL)

in The Netherlands, which cover about 62% of the

Dutch population. All 17 laboratories participated,

although one stopped in May, and another three only

started in May, June and July 2002.

The RPHL sent the test result and a questionnaire

and accompanying letter to the physician, who

forwarded these to the patient. Salmonella isolates

were sent to the National Institute of Public Health

and the Environment for serotyping and phage

typing as described previously [30] and to the Animal

Sciences Group, Lelystad, The Netherlands, for

antibiotic susceptibility testing. Based on historic

surveillance of the numbers of confirmed Salmonella

and Campylobacter cases in the RPHL, the expected

numbers of cases by age, sex, degree of urbanization

and season were obtained. Controls (aiming at two per

case) were selected from the population registries of

25 municipalities within the service area of the RPHL

by frequency matching for the above variables ; 10 250

controls were approached in anticipation of an

expected response rate of 25%.

The questionnaires for cases and controls included

questions regarding food consumption, kitchen

hygiene and food processing, contact with animals,

occupational exposure, travel, water recreation, use

of medication (during the previous 4 weeks) and

contact with persons with gastroenteritis symptoms.

Cases were also questioned about clinical symptoms

and treatment. Questions covered the 7 days prior

to symptom onset (cases) or completion of the ques-

tionnaire (controls). Parents were asked to complete

questionnaires for young children.

The incidence of laboratory-confirmed S. Typhi-

murium and S. Enteritidis infection was calculated

using the number of cases identified from the RPHL

divided by the population covered by these labora-

tories. Adjustments in the denominator were made for

the time each laboratory participated and for under-

reporting by the laboratories. The latter was based

on a comparison between the reported number of

Salmonella cases in this study and the regular labora-

tory surveillance of Salmonella : an overlap of 79%

was found. From recognized outbreaks, all cases

except one were excluded.

Missing values were handled using multiple impu-

tation [31]. This method is recommended to avoid

bias in analyses of epidemiological data with missing

covariates [32]. Imputation was carried out with

MICE [33]. In brief, five separate values for a missing

data item were drawn from imputation models in

which the value of this variable is predicted based

on other variables in the dataset. We used linear

imputation models including all variables that corre-

lated higher than 0.1 with the variable to be imputed,

and used predictive mean matching to draw imputed

values from this model. This drawing method takes as

an imputed value the observed value of the person for

which the prediction model predicts a value closest to

the predicted value of the person with the missing

value. The parameters of the imputation model are

established using Gibbs sampling, and thus differ

between each of the five imputations so that different

matches are usually made. This method assures that
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imputed values follow the same distribution as the

observed values. With the five imputed datasets, five

different logistic regressions (or other analyses) were

carried out and the five results were pooled using SAS

PROCMIANALYSE in order to obtain a single final result.

For the risk analysis, cases with a Salmonella and

a Campylobacter infection were excluded. Analyses

were done using cross tabulations, x2 tests and ‘single ’

variable logistic regression models (which also in-

cluded age, sex, degree of urbanization and level of

education) for significance testing. For further analy-

ses, only cases and controls who had not travelled

abroad were included. Risk factors in the single-

variable analyses (Pf0.10) were selected for inclusion

in a multivariate logistic regression model. The degree

of urbanization was categorized by addresses per km2

as urban (>2500), urbanized (500–2500) and rural

(<500). The level of education achieved by adult

cases and controls, or by one of the parents for those

under 18 years was classified as low (primary, lower

vocational or lower secondary education), intermedi-

ate (intermediate vocational, intermediate secondary

or higher secondary education), and high (higher

vocational and university education).

The population attributable risk (PAR) of each risk

factor was calculated based on multivariate odds

ratios (ORs) as the number of cases attributable to the

risk factor divided by the total number of cases. The

number of cases attributable to the risk factor was

calculated as the total number of cases minus the

estimated number of cases if the risk factor was

absent, which was estimated by weighting the cases

according to their exposure status. Exposed cases

were weighted as 1/OR of exposure, non-exposed

cases as 1.

RESULTS

The RPHL identified 1194 cases with salmonellosis,

of which 533 (45%) were S. Enteritidis and 437 (37%)

were S. Typhimurium (10% DT104 and 27% non-

DT104) cases. The overall incidences of S. Enteritidis

and S. Typhimurium salmonellosis were 7 and 6 per

100 000 person-years respectively, including travel-

related cases. The incidences of S. Typhimurium non-

DT104 and DT104 were 4 and 1 per 100 000 person-

years respectively (Table 1). The incidences of

S. Enteritidis and S. Typhimurium were clearly higher

for children aged 0–4 years and, to a lesser extent,

children aged 5–17 years, and during the summer. For

S. Typhimurium higher incidences were found in

rural areas. For DT104 higher incidences were found

during a longer period, from April to September

(Table 1).

Of the S. Enteritidis and S. Typhimurium cases

respectively 245 (47%) and 232 (53%) completed a

questionnaire ; 174 (54%) of the S. Typhimurium

non-DT104 cases and 58 (50%) of the DT104 cases

responded. The majority of the cases reported diar-

rhoea (97%), abdominal cramps (79%), stomach

ache (78%), fever (72%), mucus in the stool (60%)

and nausea (53%), whereas 46% reported vomiting

and 39% blood in the stool. The presence of blood

in the stool was more frequently reported by

S. Typhimurium cases than S. Enteritidis cases

(46 and 32% respectively ; x2 test, P=0.005). Blood

in the stool was also more frequent among DT104

cases than non-DT104 cases (55% vs. 43%; x2 test,

P=0.06), whereas having mucus in the stool was

more often reported by non-DT104 cases (70% vs.

58%; x2 test, P=0.11). Vomiting was more frequently

associated with S. Typhimurium DT104 than non-

DT104 (55 and 42% respectively ; x2 test, P=0.08).

At the time the questionnaire was completed, 77%

of the S. Enteritidis and 67% of the S. Typhimurium

cases had recovered; for DT104 and non-DT104

cases respectively, 71% and 63% had recovered at

this time. The median duration of symptoms for

recovered cases was 10–11 days for S. Enteritidis and

S. Typhimurium cases [25th–75th percentile (P25–75) :

7–14]. The median duration of symptoms was longer

for DT104 than for non-DT104 infections: 14 days

(P25–75 : 7–17) vs. 10 days (P25–75 : 7–14) (Kruskal–

Wallis test, P=0.05). Of the cases that had not yet

recovered, the median time between symptom onset

and completion of the questionnaire was 19 days for

S. Enteritidis infections (P25–75 : 13–27) and 17 days for

S. Typhimurium infections (P25–75 : 12–25). This time

interval was 14 days (P25–75 : 10–34) and 17 days

(P25–75 : 12–25) for DT104 and non-DT104 respect-

ively. Of the S. Enteritidis and S. Typhimurium cases,

48 (20%) and 50 (22%) respectively, were admitted

to the hospital ; 11 (19%) of the DT104 cases and

39 (22%) of the non-DT104 cases were hospitalized.

In total 10 250 controls were approached and 3409

(33%) completed the questionnaire. Travelling

abroad within 7 days prior to symptom onset was

reported by 77 S. Enteritidis (31%) and 34

S. Typhimurium cases (15%). Eight (14%) of the

DT104 cases and 26 (15%) of the non-DT104 cases

had travelled. Of the 3409 controls 244 (7%) reported

travelling abroad within 7 days prior to completion of
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the questionnaire. In a single-variable analysis,

foreign travel was strongly associated with salmonel-

losis (S. Enteritidis : OR 6.3, 95% CI 4.6–8.6; PAR

27%, 95% CI 25–28%; S. Typhimurium: OR 2.7,

95% CI 1.8–4.0; PAR 9%, 95% CI 7–11%; non-

DT104: OR 2.8, 95% CI 1.8–4.4; PAR 10%, 95% CI

7–12%; DT104: OR 2.2, 95% CI 1.0–4.9; PAR 8%,

95% CI 0.4–11%).

For endemic Salmonella cases, the median time

between symptom onset and completion of the ques-

tionnaire was 18 days (P25–75 : 13–27). Consumption of

raw eggs and products containing raw eggs and recent

use of proton pump inhibitors and H2 antagonists

were associated with endemic S. Enteritidis infections

(Table 2). The PAR was highest for use of proton

pump inhibitors (7%), followed by consumption of

products containing raw eggs (5%), consumption

of raw eggs (4%) and use of H2 antagonists (2%)

(Table 2). Some exposures were negatively associated

with S. Enteritidis salmonellosis : consumption of

pork, sausage, fish, cheese, dairy products other than

milk and cheese, non-homemade sandwich, raw and

stir-fried vegetables, fruit with skin, chocolate and

nuts. No associations were found for consumption of

other food products, occupational exposure, owner-

ship of (farm) animals and playing in a sandbox.

Consumption of undercooked meat, occupational

exposure to raw meat and recent use of antibiotics

and proton pump inhibitors were associated with

endemic S. Typhimurium enteritis (Table 3). Of the

65 S. Typhimurium cases aged 4–12 years, 46 (71%)

reported having played in a sandbox, while of the 374

controls aged 4–12 years, only 183 (49%) played in a

sandbox (OR 2.5, 95% CI 1.4–4.7). In a multivariate

model including consumption of undercooked meat,

occupational exposure to raw meat, use of antibiotics

and proton pump inhibitors and playing in a sandbox

for children aged 4–12 years, these risk factors

remained associated with S. Typhimurium salmonel-

losis (Table 4). The PAR was highest for playing in a

sandbox for children aged 4–12 years (14%), followed

by use of proton pump inhibitors (8%), consumption

Table 1. Incidence of S. Enteritidis and S. Typhimurium (total, and specific for DT104 and non-DT104)

salmonellosis per 100 000 person-years by demographic variables, including travel-related cases. The Netherlands,

April 2002 to April 2003

S. Typhimurium

S. Enteritidis S. Typhimurium total DT104 Non-DT104

No. (%)
of cases Incidence

No. (%)
of cases Incidence

No. (%)
of cases Incidence

No. (%)
of cases Incidence

Total 533* 7 437* 6 117* 1 320* 4

Age (years)
0–4 87 (16) 18 136 (31) 28 31 (26) 6 105 (33) 21
5–17 112 (21) 9 115 (26) 9 32 (27) 3 83 (26) 7

18–29 91 (17) 8 45 (10) 4 15 (13) 1 30 (9) 3
30–44 68 (13) 4 26 (6) 1 3 (3) 0 23 (7) 1
45–59 85 (16) 5 33 (8) 2 9 (8) 1 24 (8) 1

o60 90 (17) 6 82 (19) 6 27 (23) 2 55 (17) 4

Sex
Male 241 (45) 6 207 (47) 5 58 (50) 1 149 (47) 4
Female 287 (54) 7 225 (51) 6 59 (50) 1 166 (52) 4

Degree of urbanization

Urban 113 (21) 6 53 (12) 3 16 (14) 1 37 (12) 2
Urbanized 298 (56) 7 214 (49) 5 55 (47) 1 159 (50) 4
Rural 100 (19) 6 141 (32) 8 34 (29) 2 107 (33) 6

Season
Apr.–June 2002 101 (19) 1 96 (22) 1 37 (32) 1 59 (18) 1

July–Sept. 2002 266 (50) 3 153 (35) 2 38 (32) 1 115 (36) 1
Oct.–Dec. 2002 102 (19) 1 106 (24) 1 30 (26) 0 76 (24) 1
Jan.–Apr. 2003 64 (12) 1 82 (19) 1 12 (10) 0 70 (22) 1

* Totals do not always add up because of missing values.
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of undercooked meat (7%), use of antibiotics (4%)

and occupational exposure to raw meat (2%). No

association was found with playing in a sandbox

for children aged 0–3 years. Many exposures were

negatively associated with S. Typhimurium infection:

consumption of chicken, beef, meat in paste, fish,

pasteurized milk, cheese, dairy products other than

milk and cheese, raw and stir-fried vegetables, fruit

with skin, homemade sauce and nuts (Table 3). No

associations were found for consumption of other

food products, occupational exposure or ownership

of (farm) animals.

The recent use of proton pump inhibitors was

also associated with endemic S. Typhimurium DT104

(Table 3). Moreover, 21 (78%) of the 27 DT104 cases

aged 0–12 years played in a sandbox, whereas only

406 (54%) of the 757 controls aged 0–12 years played

in a sandbox, yielding an OR of 3.0 (95% CI 1.2–7.5).

In a multivariate model, use of proton pump

inhibitors and playing in a sandbox for children aged

0–12 years remained associated with S. Typhimurium

DT104 (Table 4). The PAR for playing in a sandbox

was 32% and for use of proton pump inhibitors, 5%.

DISCUSSION

This is the first case-control study of risk factors for

sporadic S. Enteritidis and S. Typhimurium enteritis

in The Netherlands. Extrapolation of the incidences

of these two serotypes in salmonellosis found in

this study, according to the Dutch population at 1

January 2003, yields an estimate of respectively 1133

and 971 laboratory-confirmed cases and 16255 and

13931 community cases per year [1].

For S. Enteritidis infection, the association with

(raw) eggs has been reported extensively in the litera-

ture [16–21]. In The Netherlands, the total number

of Salmonella cases has decreased since 1996 (except

for 2003) [4], but the relative contribution of eggs

remained stable (y35%). The absolute number of

egg-associated cases also hardly declined after 1999

[5]. The current study confirms that S. Enteritidis is

mainly attributable to (raw) eggs, however, the PAR

calculated here was low. Possibly some cases might

not have been aware that they ate foods prepared

with raw eggs, leading to some misclassification with

regard to this. Moreover, cross-contamination might

Table 2. Single-variable and multivariate logistic regression analyses and population attributable risk of risk

factors associated with endemic S. Enteritidis salmonellosis. A case-control study in The Netherlands, April 2002

to April 2003

Risk factor
(% imputed missing values*)

Controls
(n=3119)

Cases
(n=167)

Single-variable
OR# (95% CI)

Multivariate
OR# (95% CI)

PAR$

(95% CI)

Food consumption

Pork (3) 2449 (79) 117 (70) 0.6 (0.4–0.9)
Sausage (4) 1734 (56) 70 (43) 0.6 (0.4–0.8)
Fish (3) 1458 (47) 64 (38) 0.7 (0.5–0.9)
Raw egg (1) 50 (2) 9 (5) 3.7 (1.6–8.5) 3.1 (1.3–7.4) 4 (1–5)

Products containing
raw egg (3)

237 (8) 20 (12) 2.0 (1.2–3.4) 1.8 (1.1–3.0) 5 (1–8)

Cheese (3) 2692 (86) 132 (79) 0.6 (0.4–0.9)

Dairy products other than milk
and cheese (2)

2695 (86) 122 (73) 0.4 (0.3–0.6)

Non-homemade sandwich (3) 543 (17) 15 (9) 0.6 (0.3–1.0)

Raw vegetables (2) 2114 (68) 94 (56) 0.6 (0.4–0.9)
Stir-fried vegetables (4) 1163 (37) 30 (18) 0.4 (0.3–0.6)
Fruit with skin (2) 1672 (54) 55 (33) 0.4 (0.3–0.6)
Chocolate (2) 2289 (73) 90 (54) 0.4 (0.3–0.6)

Nuts (3) 1506 (48) 59 (35) 0.6 (0.4–0.8)

Recent use of medication
Proton pump inhibitors (0) 69 (2) 15 (9) 4.1 (2.2–7.7) 4.2 (2.2–7.9) 7 (5–8)
H2 antagonists (0) 23 (1) 5 (3) 4.2 (1.5–11.4) 4.4 (1.6–12.2) 2 (1–3)

OR, Odds ratio ; CI, confidence interval ; PAR, population attributable risk.

* Fraction of imputed missing values among cases and controls together.
# Adjusted for age, sex, degree of urbanization and level of education.
$ Based on the multivariate odds ratio.
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play a role in kitchens where raw eggs were prepared

(even if the eggs were not consumed raw), i.e. con-

tamination of kitchen surfaces and utensils and hence

other food items, not properly heated afterwards such

as salads. This was not explicitly included in our

questionnaire, and thus might have underestimated

the PAR for raw eggs. Therefore, continued public

and professional education about proper heating of

eggs, minimizing cross-contamination and the risk of

using raw eggs in foods not properly heated before

consumption, is necessary. Ideally, food safety edu-

cation should be supported by regulation. In October

2001, the Dutch Ministries of Agriculture and of

Public Health announced legislation for a ban of shell

eggs containing Salmonella in The Netherlands, but

the draft proposal was turned down by the European

Commission in 2003. Nevertheless, several hygiene

codes in The Netherlands outline the use of pasteur-

ized eggs instead of raw eggs in foods that are not

properly heated before consumption.

S. Typhimurium was associated with consumption

of undercooked meat and occupational exposure to

raw meat. This corresponds with the high prevalence

of S. Typhimurium in cattle and pigs [29, 30], and

with outbreak reports of this serotype related to beef

and pork [10, 24, 25]. However, the most important

risk factor was newly identified: 44% of the

S. Typhimurium cases aged 4–12 years, and 52% of

the S. Typhimurium DT104 cases aged 0–12 years

were attributable to playing in a sandbox. Consider-

ing all S. Typhimurium and DT104 cases specifically,

14 and 32% respectively, were attributable to this

Table 3. Single-variable logistic regression analyses of risk factors associated with endemic S. Typhimurium

salmonellosis, with distinction between DT104 and non-DT104. A case-control study in The Netherlands,

April 2002 to April 2003

Risk factor
(% imputed missing
values*)

Controls
(n=3119)

Salmonella Typhimurium

Total Non-DT104 DT104

Cases
(n=193)

OR#

(95% CI)
Cases
(n=143)

OR#

(95% CI)
Cases
(n=50)

OR#

(95% CI)

Food consumption

Chicken (1) 2196 (70) 113 (59) 0.7 (0.5–1.0) 79 (55) 0.6 (0.4–0.9) 34 (68)
Beef (2) 2575 (83) 144 (75) 0.7 (0.5–1.0) 107 (75) 37 (73)
Meat in paste (croquette,

sausage roll, pastry) (5)

1285 (41) 57 (29) 0.5 (0.4–0.8) 45 (31) 0.6 (0.4–0.9) 12 (24) 0.4 (0.2–0.8)

Undercooked meat (7) 316 (10) 26 (13) 2.1 (1.2–3.9) 20 (14) 2.3 (1.2–4.3) 6 (13)
Fish (3) 1458 (47) 53 (27) 0.5 (0.4–0.7) 37 (26) 0.5 (0.3–0.7) 15 (30)

Pasteurized milk (1) 2344 (75) 126 (65) 0.6 (0.5–0.9) 92 (64) 0.6 (0.4–0.9) 34 (67)
Cheese (3) 2692 (86) 138 (72) 0.6 (0.4–0.9) 99 (69) 0.6 (0.4–0.9) 39 (78)
Dairy products other
than milk and cheese (2)

2695 (86) 149 (77) 0.6 (0.3–0.6) 112 (78) 0.4 (0.3–0.7) 37 (74) 0.4 (0.2–0.8)

Raw vegetables (2) 2114 (68) 78 (40) 0.4 (0.3–0.6) 55 (38) 0.4 (0.3–0.6) 23 (45) 0.5 (0.3–1.0)
Stir-fried vegetables (4) 1163 (37) 35 (18) 0.5 (0.3–0.7) 27 (19) 0.5 (0.3–0.8) 8 (15) 0.4 (0.2–0.9)
Fruit with skin (2) 1672 (54) 73 (38) 0.6 (0.4–0.8) 53 (37) 0.6 (0.4–0.8) 20 (40)

Homemade sauce or
dressing (2)

593 (19) 17 (9) 10 (7) 0.5 (0.2–1.0) 7 (13)

Nuts (3) 1506 (48) 52 (27) 0.6 (0.4–0.8) 36 (25) 0.5 (0.3–0.8) 16 (32)

Recent use of medication

Antibiotics (0) 105 (3) 16 (8) 2.2 (1.2–3.9) 12 (8) 2.1 (1.1–4.0) 4 (8)
Proton pump inhibitors (0) 69 (2) 17 (9) 8.7 (4.6–16.4) 11 (8) 7.5 (3.5–15.9) 6 (12) 11.2 (3.9–32.1)

Occupational exposure
Exposure to raw meat (4) 61 (2) 5 (3) 2.5 (1.0–6.5)$ 4 (3) 2.8 (1.0–8.2)$ 1 (2)

OR, Odds ratio ; CI, confidence interval.

* Fraction of imputed missing values among S. Typhimurium cases (total) and controls together.
# Adjusted for age, sex, degree of urbanization and level of education.
$ Marginally significant : P=0.07 S. Typhimurium (total) ; P=0.06 S. Typhimurium non-DT104.
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factor. This indicates that S. Typhimurium is not only

confined to foods, but may be widespread in the

environment or be more capable of infecting people

upon contact than S. Enteritidis. The former

hypothesis is supported by the almost three times

higher incidence of S. Typhimurium in rural

compared to urban areas. In a study of the home

environment and salmonellosis in children, various

Salmonella serotypes were found in the home en-

vironment, including soil, vacuum cleaners and pets

[34]. A review of literature on waste disposal practices

also showed that soil is a possible vector and reservoir

of enteric pathogens [35]. Possibly, free-living soil

nematodes, such as Caenorhabditis elegans that are

known to harbour and disperse bacteria, including

S. Typhimurium, may play a role in the spread and

transmission of foodborne pathogens in soil [36].

However, sandboxes may not only show the

ubiquitous occurrence of S. Typhimurium, but may

also pose a ‘true’ risk for salmonellosis. Therefore,

microbiological investigation of sandboxes is needed,

with special attention to S. Typhimurium DT104.

In The Netherlands, guidelines exist for sandboxes in

public areas, recommending covering the sandbox,

removing gross contamination and replacing sand

when contaminated with animal faeces and refreshing

the sand at least once a year. To reduce the risk for

salmonellosis, such guidelines should also be brought

to the attention of parents with young children and

owners of private sandboxes by public education.

The recent use of H2 antagonists, proton pump

inhibitors and antibiotics have previously been

identified as risk factors [21, 23, 26, 37, 38]. The

neutralization of gastric acid by anti-secretory drugs

inhibits the protective antibacterial action of gastric

juice and thus might facilitate Salmonella (and other)

infections. Antimicrobial exposure might increase the

susceptibility to Salmonella by altering the colonic

bacterial flora, or receiving medications such as

antibiotics might just be a marker of increased sus-

ceptibility to infections in general [23]. In addition,

antimicrobial exposure might lead to direct selection

of resistant strains, such as S. Typhimurium DT104,

when using antibiotics to which the strain is resistant.

Health-care providers and the public should be

educated about the risk of infection when using anti-

secretory drugs and antibiotics.

Some exposures were negatively associated with

salmonellosis, among others, consumption of cheese,

vegetables, fruit, chocolate and nuts. However, these

factors may not be protective for salmonellosis, for it

is not known if controls were actually exposed to the

Table 4. Multivariate logistic regression analyses and population attributable risk of risk factors associated

with endemic S. Typhimurium salmonellosis, with distinction between DT104 and non-DT104. A case-control

study in The Netherlands, April 2002 to April 2003

Risk factor
(% imputed missing values*)

Salmonella Typhimurium

Total Non-DT104 DT104

OR#

(95% CI)
PAR
(95% CI)

OR#

(95% CI)
PAR
(95% CI)

OR#

(95% CI)
PAR
(95% CI)

Consumption of undercooked

meat (7)

2.2 (1.1–4.1) 7 (2–10) 2.3 (1.2–4.5) 8 (2–11)

Occupational exposure to raw
meat (4)

3.0 (1.1–7.9) 2 (0–2) 3.4 (1.2–9.9) 2 (0–3)

Recent use of antibiotics (0) 1.9 (1.0–3.4) 4 (0–6) 1.9 (1.0–3.8)$ 4 (0–6)
Recent use of proton pump
inhibitors (0)

8.3 (4.3–15.9) 8 (7–8) 7.3 (3.4–15.8) 7 (5–7) 11.2 (3.9–31.9) 5 (4–5)

Playing in a sandbox for
children aged 4–12 years· (4)

2.4 (1.6–3.7) 14 (9–17) 2.1 (1.3–3.4) 12 (5–16)

Playing in a sandbox for
children aged 0–12 years· (3)

4.4 (1.8–10.7) 32 (19–38)

OR, Odds ratio ; CI, confidence interval ; PAR, population attributable risk.
* Fraction of imputed missing values among S. Typhimurium (total) cases and controls together.
# Adjusted for age, sex, degree of urbanization and level of education.
$ Reference category : cases and controls of a different age and children of the same age who did not play in a sandbox.

· Marginally significant, P=0.058.
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pathogen. A true protective effect should also be bio-

logically plausible. In addition, mathematical models

showed that negative associations can be found for

risk factors when multiple exposures occur over many

years, inducing partial immunity and less clinical

illness [39].

A limitation of this study is the relatively low

numbers of S. Typhimurium DT104 cases, which was

insufficient to detect small differences in exposures

between cases and controls. Furthermore, the recall

period for all cases was longer than for controls,

because for controls, questions addressed the 7 days

before completion of the questionnaire, while for

cases questions addressed the 7 days prior to symp-

tom onset, which was a median 18 days before

completion of the questionnaire. Multiple imputation

was used for handling missing values. Before using

this statistical method, in several questions, the

‘I don’t know’ category was associated with

salmonellosis. This suggests that controls were better

able to remember exposures than cases and conse-

quently, recall bias could theoretically play a role.

However, after using multiple imputation the results

of the analysis were similar. This implies that missing

values were randomly distributed over the response

categories and were not dependent on a certain

exposure status. The association between salmonel-

losis and consumption of (raw) eggs or undercooked

meat is well known by the general public, which may

lead to recall bias. However, the existence of different

Salmonella serotypes is not generally known. As

the association with raw eggs was specific for

S. Enteritidis and the association with undercooked

meat was specific for S. Typhimurium, recall bias is

considered unlikely.

The present study included only laboratory-

confirmed cases and, thus, reflects those with more

severe symptoms or an illness of a longer duration

[21]. Focusing on laboratory-confirmed cases might

also overestimate the proportion of young children

and travel-related cases, as these are more likely to

consult a general practitioner and general practi-

tioners are more likely to culture these cases [21, 40].

Therefore, the proportion of travel-associated S.

Enteritidis, Typhimurium and Typhimurium DT104

cases, and the respective PARs of 27, 9 and 8%

should be considered maximum values.

In conclusion, this study showed that S. Enteritidis

salmonellosis is still mainly associated with con-

sumption of (raw) eggs, but S. Typhimurium is

associated with playing in a sandbox, next to

consumption of undercooked meat and occupational

exposure to raw meat. Public and professional

education about proper food handling is needed.

Ideally, banning shell eggs with Salmonella would

reduce the incidence of S. Enteritidis considerably.

For S. Typhimurium infections, measures to reduce

the contamination of sand should be developed.

Furthermore, public and professional education is

needed to stress the importance of appropriate use

of antibiotics and anti-secretory drugs, because these

drugs facilitate Salmonella (and other) infections.

Finally, elucidation of the role of immunity following

an infection would importantly help to interpret

results on risk factors and apparently protective

factors and to judge the effect of control strategies.
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