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SUMMARY

Shiga toxin-producing Escherichia coli (STEC) bacteria can cause outbreaks and sporadic cases

of gastroenteritis in humans. Ruminants are seen as the main reservoir. The aim of this study

was to evaluate the spatial association between reported human STEC O157 infections in

The Netherlands and different livestock densities. Data were collected at the municipality level

and a spatial regression analysis was performed. Between April 1999 and December 2008,

409 symptomatic sporadic cases were registered. Adding an interaction term between season, age,

and livestock density showed an increased risk of STEC cases in summer for living in areas with

cattle, in particular for young children. In conclusion, cattle, but not pigs or poultry, are

indicated as an important source for human STEC O157 infections in rural areas. The association

is probably due to direct or indirect contact with cattle, resulting in symptomatic infections,

especially in young children.
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INTRODUCTION

Symptoms due to Shiga toxin-producing Escherichia

coli (STEC) infection in humans range from asymp-

tomatic or uncomplicated diarrhoea to more severe

symptoms like bloody diarrhoea and haemolytic

uraemic syndrome (HUS) [1, 2]. Children and the

elderly aremore likely to develop severe disease. STEC

O157 is a zoonotic agent with ruminants as the main

reservoir [1]. Inevitably, direct and indirect contact

with ruminants, especially cattle, is implicated as a

major transmission route [3, 4]. Incidence of STEC

O157 infection follows a seasonal pattern, with most

cases being reported during the late summer months

[5–7]. This pattern seems to run parallel to the seasonal

pattern in excretion of STEC O157 in ruminants [8].

Furthermore, higher incidence of human STEC in-

fection in rural areas has been found compared to

urban areas, with a spatial association between the

incidence of human STEC infection and cattle density

[6, 9, 10].

Since January 1999, all medical microbiological lab-

oratories andpublic health services inTheNetherlands

have been requested to participate in an enhanced
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surveillance of STEC O157 infection. Notification of

‘disease due to enterohaemorrhagic E. coli ’ became

mandatory in December 1999. The aim of the current

study was to evaluate the spatial association between

reported incidence of human STEC O157 infections in

The Netherlands and livestock density (cattle, pigs,

poultry) in relation to age and season.

METHODS

For enhanced surveillance, all medical microbiologi-

cal laboratories in The Netherlands were requested to

report a positive result for STEC O157 to the local

public health service. This could be a presumptive

isolate from a faecal sample or a positive serological

test for E. coliO157 antibodies. In addition, they were

requested to send an isolate to the RIVM for O- and

H-typing, and for testing for genes encoding Shiga

toxin 1 (stx1), stx2, E. coli attaching-and-effacing

(eae) gene and the EHEC haemolysin (e-hly) gene

by PCR.

Cases are defined as patients reported between

April 1999 and December 2008 with an STEC O157

isolate confirmed at the RIVM. In this period, two

national outbreaks were registered; one in 2005 in-

volving 21 cases where the most likely cause is

thought to have been filet américain [11], and one in

2007 involving 41 cases probably caused by lettuce

[12]. The latter outbreak was also linked to an out-

break in Iceland. In 2007, a regional outbreak of

seven cases was registered. All seven cases reported

consumption of filet américain, and all had bought it

at one regional supermarket chain. Cases linked to

these three outbreaks were excluded.

A spatial regression analysis was performed to

assess possible associations between STEC O157

and densities of cattle, pigs, and poultry in the period

1999–2008. Information on population counts and

livestock densities (animals/km2) for each munici-

pality were obtained from the Statistics Netherlands

database [13]. Every year, all farmers are requested to

report their number of animals to the Ministry of

Agriculture, Nature and Food Quality (response

96%), which is converted to number of animals per

municipality before beingmade available to the public.

Therefore, STEC O157 cases and population were

also aggregated by municipality (496 in total). In

The Netherlands, a median municipality comprises

19 250 inhabitants (range 1000–750 000 inhabitants),

and a municipality covers a median area of 52 km2

(range 2–472 km2). Besides municipality, cases

and population were aggregated by age group

(<5, 5–9, 10–49, o50 years), sex, and season [‘win-

ter ’ (December–May), ‘ summer’ (June–November)].

Cases and population numbers were summed over

the period 1999–2008. Person-years were defined as

the summed population numbers over this period.

Livestock densities were averaged over these 10 years.

Next, a model was built to describe the number of

cases as a function of person-years (the population

denominator corresponding to the number of cases),

age, sex, season, and livestock density (categorized

into five classes). Since it is expected that there is a

higher risk in the summer season for young children,

an interaction between season, age, and livestock

density was added. Together, these terms are the so

called fixed-effect terms. Two extra terms were added

Table 1. Cumulative incidence rates per 1 000 000

person-years by age group and gender in

The Netherlands, 1999–2008

Gender

Age group (years)

Overall0–4 5–9 10–49 o50

Male 11.5 3.8 0.8 1.5 2.2
Female 8.6 3.7 1.5 3.0 2.8

Total 10.0 3.7 1.1 2.2 2.5

0–1 (302)
1–2 (21)
2–3 (26)  
3–4 (18)  
4–5 (18)  
5–6 (17)  
6–233 (94)  

Fig. 1. Cumulative incidence rate (r1 000 000 person-years)

(1999–2008) of STEC infections in The Netherlands.
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to account for extra variation due to spatially struc-

tured and unstructured variation. These terms are the

so-called random-effect terms. Schematically, the

model can be written as:

yij � Poisson(mij),

log (mij)= log (PYij)+fixed-effect termsij

+bstr, i+bunstr, i,

where yij is the number of cases in municipality i and

stratum j, with each stratum representing a subgroup

of individuals with the same characteristics (age, sex,

region, community, season of infection). The intensity

mij is the expected number of cases, yij is therefore

Poisson-distributed with this mean. The log of the

intensity is a summation of log person-years PYij

(the offset of the Poisson model), fixed effects and

random effects.

The spatially structured variation bstr,i represents

the effect that neighbouring municipalities are more

alike, perhaps due to a possible common unobserved

(risk) factor. This term is modelled by the intrinsic

Conditional Autoregressive Model [14]. The unstruc-

tured term bunstr,i represents possible unobserved

variation within municipalities and is modelled by

independent and identically distributed Gaussian

noise [15].

Coefficients of the fixed effects are used to calculate

relative rates. Relative rates of the spatially structured

and unstructured effects are given for each munici-

pality. Here the reference is total fixed effect for each

municipality.

Themodel was fitted by the recently developed tech-

nique called the integrated nested Laplace approxi-

mation (INLA) [16]. INLA is specifically developed

for quick statistical inference of latent Gaussian

Markov random fields like the random-effect terms in

the model above. The advantage of INLA over the

standard Markov chain Monte Carlo techniques

using WinBUGS [17] is that it has much shorter

computing times : seconds or minutes instead of hours

or days. Data pre- and post-processing, inference

and visualization were done in the statistical software

environment R [18].

RESULTS

Between April 1999 and December 2008, 409 symp-

tomatic cases of STEC O157 infection were reported,

with a median number of 40 cases/year (range 32–57

cases/year). These cases represent an annual incidence

< 26.4 (100)
26.4–64.4 (98)
64.4–107 (99)
107–156.5 (99)
> 156.5 (100)

< 1.7 (99)
1.7–33.6 (99)
33.6–141.5 (99)
141.5–473.2 (100)
> 473.2 (99)

< 1.2 (98)
1.2–283.3 (100)
283.3–1294.1 (100)
1294.1–3251.6 (98)
> 3251.6 (100)

(a)

(b)

(c)

Fig. 2. Average livestock densities (/km2) (1999–2008) in
The Netherlands for (a) cattle, (b) pigs, (c) poultry.
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rate of 1.9–3.5 cases/1 000 000 inhabitants. The gender

ratio of cases was 43% male and 57% female. The

cumulative incidence rate (summed over 10 years)

for sex and age groups is given in Table 1. Note

the higher rates for young children and females in

higher age groups. Lowest incidence is seen during

December–May, and the highest incidence between

July and September. The incidence of reported human

STEC O157 infections varies greatly between munici-

palities and appears to be higher in the northern and

eastern regions of The Netherlands (Fig. 1). Two

neighbouring areas showing particularly low inci-

dence of STEC O157 are in the mid- and north-west

of The Netherlands.

Cattle density is highest in the centre and central

north of the country (Fig. 2). Pig density is highest in

the east and south-east. Poultry density is comparable

to pig density, but with higher densities also in the

north. Figures 1 and 2 suggest an association between

cattle density and STEC O157 cases.

Living in areas with >64 cows/km2 increases the

risk of reporting STEC O157 infection in summer by

more than twofold of that of areas with<26 cows/km2

(Table 2). No association with STEC O157 infections

was found for pig density and a decreased risk was

found for living in the highest quintile regarding

poultry density. Males had a lower risk of developing

a STEC O157 infection. Young children, especially

those aged <5 years, showed the highest chance of

developing a symptomatic STEC O157 infection com-

pared to adults aged o50 years. The 10–49 years age

group had almost half the risk for a reported STEC

O157 infection compared to older adults.

Adding an interaction term between season, age,

and livestock density in the model showed only a

seasonal effect for children aged <5 years and only

with cattle. The results for season and cattle density

for this age group are given in Table 3. Living in areas

with >26 cows/km2 increases the risk of STEC O157

infections in young children in summer compared to

the lowest quintile of cattle density.

The variation in the spatially structured residual

risks of the main model showed a clear dependence

to region (Fig. 3), with an increased residual risk

(higher than expected) for STEC O157 infection

in the northern and south-eastern regions of

The Netherlands, and a lower residual risk (lower than

expected) in the mid-west to north-western region.

DISCUSSION

In the current study, a relationship was found be-

tween cattle density and incidence of reported STEC

O157 infections in summer. Others have also reported

Table 2. Relative risk (RR) estimates with 95% confidence intervals (CI) for

STEC O157 infection in The Netherlands, 1999–2008

Variables RR (95% CI)

Age (reference age o50 yr)

0–4 yr 4.62 (3.54–6.04)
5–9 yr 1.69 (1.30–2.19)
10–49 yr 0.55 (0.41–0.73)

Sex (reference male) 1.28 (1.05–1.56)
Season (reference winter) 2.91 (1.50–5.96)

Cattle density (reference lowest quintile) Summer Winter
26.4–64.4 animals/km2 1.69 (0.90–3.17) 1.00 (0.44–2.27)

64.4–107.0 animals/km2 2.64 (1.34–5.16) 1.62 (0.69–3.81)
107.0–156.5 animals/km2 2.30 (1.13–4.65) 0.96 (0.38–2.37)
>156.5 animals/km2 2.80 (1.31–5.93) 0.79 (0.29–2.15)

Pig density (reference lowest quintile)
1.7–33.6 animals/km2 0.82 (0.45–1.49) 0.93 (0.43–1.99)
33.6–141.5 animals/km2 0.82 (0.42–1.62) 0.53 (0.21–1.32)
141.5–473.2 animals/km2 1.02 (0.48–2.17) 0.95 (0.37–2.41)

>473.2 animals/km2 1.16 (0.49–2.84) 0.82 (0.27–2.43)
Poultry density (reference lowest quintile)
1.2–283.3 animals/km2 0.65 (0.34–1.24) 1.14 (0.47–2.77)

283.3–1294.1 animals/km2 0.86 (0.41–1.77) 1.59 (0.60–4.25)
1294.1–3251.6 animals/km2 0.70 (0.33–1.50) 1.81 (0.67–4.93)
>3251.6 animals/km2 0.35 (0.15–0.81) 1.35 (0.44–4.17)
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associations for STEC O157 cases with cattle density

[6, 9, 10, 19]. Valcour and colleagues [9] have also

examined livestock indicators other than cattle, and

reported highest associations for cattle density and

manure application, and a negative association be-

tween pig density and human STEC infection. In the

Dutch situation no positive relationship between pig

or poultry density and STEC O157 infections was

found. Furthermore, campylobacteriosis was found to

be related to living in rural areas, especially in children,

in Denmark [20]. It could be argued that the risk for

cattle only is caused by pigs and poultry being kept

inside large barns, but environmental emission may

still be high. For example, in 2003, after large num-

bers of poultry were culled (almost all layer flocks) in

The Netherlands, the incidence of campylobacteriosis

immediately dropped [21]. This decrease was most

pronounced in areas where the culling took place in-

dicating that environmental emission must have been

substantial. The association found in the current study

between cattle density, but not for pigs or poultry,

with the incidence of reported STEC O157 infections

suggests that this is more likely due to direct or in-

direct contact with cattle rather than just living in a

rural area.

The number of human STEC O157 infections var-

ies during the year with highest incidence in summer

or late summer. Faecal excretion of STEC in cattle

shows a parallel seasonality with human infections in

The Netherlands [19, 22, 23]. This could explain the

finding that cattle density is only related to human

STEC O157 infections in summer. The chance of

Table 3. Relative risk (RR) estimates with 95% confidence intervals (CI) for

STEC O157 infection in children aged 0–4 years in The Netherlands,

1999–2008

Variables RR (95% CI)*

Season (reference winter) 7.05 (1.40–49.62)

Cattle density (reference lowest quintile) Summer Winter
26.4–64.4 animals/km2 3.25 (1.21–9.04) 1.37 (0.24–7.84)

64.4–107.0 animals/km2 3.17 (1.10–9.41) 3.39 (0.70–18.39)
107.0–156.5 animals/km2 2.91 (0.98–8.90) 1.59 (0.24–10.28)
>156.5 animals/km2 4.46 (1.44–14.30) 1.63 (0.23–11.47)

* Adjusted for the other three age groups, sex, pig density, poultry density.

< 0.66 (72)
0.66–0.8 (39)
0.8–1 (120)
1–1.25 (147)
1.25–1.5 (69)
> 1.5 (49)

< 0.66 (64)
0.66–0.8 (123)
0.8–1 (132)
1–1.25 (29)
1.25–1.5 (32)
> 1.5 (116)

(a) (b)

Fig. 3. Relative rates for the spatially (a) structured and (b) unstructured residual effects.
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contact with animals is also greater in summer, as

more animals are on pastures and humans spend more

time outside when the weather is pleasant, or they are

on holiday.

Incidence of reported STEC O157 cases was highest

and the relationship with cattle density strongest

in children aged <5 years. This is compatible with

a German case-control study where the highest odds

of disease for children aged <3 years was found for

touching a ruminant [24]. Another German study also

showed a spatial relationship with cattle density, age

and seasonality comparable to the findings in our

main model but did not study their interaction or

the eventual role of other livestock [10]. A serosurvey

among children (1–17 years) in Wisconsin showed

an increase in seropositivity for O157:H7 lipopoly-

saccharide with increasing age [25]. Highest sero-

positivity (25%) was found in children aged 15–17

years living on a farm. Contact with manure and

contact with sheep were risk factors for seropositivity.

This suggests that ruminants and manure are a com-

mon source for STEC O157, and that the chance of

encountering STEC O157 at a young age may be

considerable. If the course of the first infection is more

likely to be symptomatic than later infections this

might explain the apparent lack of relationship be-

tween cattle density and infection at older ages.

Overall, females appeared to have an increased risk

of infection with STEC O157 compared to males.

According to the cumulative incidence rates, this is

primarily the case above the age of 10 years. The study

of Kistemann et al. [19] showed the same sex ratio

among STEC O157 patients as the current study.

However, almost all age groups consisted of more

females than males in the Swedish study.

Reporting of human STEC infections is mandatory

in The Netherlands. However, the reported infections

will often be the more severe infections. A Dutch

study revealed that laboratory tests were selectively

requested by general practitioners, and only done for

12% of the patients visiting a general practitioner

with gastroenteritis [26]. Main reasons for testing a

stool sample were duration and severity of complaints.

In 2009, all Dutch laboratories received a question-

naire about their STEC diagnostics (response 85%).

Three laboratories (6%) stated not reporting a positive

STEC result as standard. This could partly explain the

low number of cases in the north-west, but not in the

mid-west area with high cattle density. A more

inspiring hypothesis for the low incidence in the latter

region could be a lower incidence of STEC O157 in

cattle due to cattle feeding practices [27] or other re-

gional farm settings. This is worthy of further inves-

tigation.

Since 2007, the enhanced surveillance has been ex-

tended to also include STEC of other serogroups,

because of the availability of a new real-time poly-

merase chain reaction (rt-PCR) method [28, 29] and

commercial kits for determination of Shiga toxins.

In the current study, only STECO157 was considered,

as reports of STEC non-O157 are not yet available

nationally. Prior to 2007, laboratory methods for de-

tecting STEC non-O157 infections were rarely used

in The Netherlands and in 2008 still no more than

25% of the laboratories are using these methods.

Other studies have found similar relationships be-

tween STEC or STEC non-O157 and cattle density as

was found for STEC O157 [10, 30].

In conclusion, the results of the current study indi-

cate that cattle, but not pigs or poultry, are an im-

portant source for human STEC O157 infections.

Besides geographical differences due to cattle density,

a seasonal association was also seen, with a relation-

ship between human STEC O157 infections and cattle

density in summer, but not in winter. Furthermore,

small children especially appear to be at higher risk of

symptomatic STEC O157 infection when living in an

area with a high density of cattle.
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14. Besag J, York J, Mollié A. Bayesian image restoration

with two applications in spatial statistics. Annals of the

Institute of Statistical Mathematics 1991; 41 : 1–59.
15. Lawson AB. Bayesian Disease Mapping – Hierarchical

Modeling in Spatial Epidemiology. Boca Raton:

Chapman & Hall/CRC, 2009.
16. Rue H, Martino S, Chopin N. Approximate Bayesian

inference for latent Gaussian models by using inte-
grated nested Laplace approximations. Journal of the

Royal Statistical Society Series B 2009; 71 : 319–392.
17. Lunn DJ, et al. WinBUGS – a Bayesian modelling

framework: concepts structure, and extensibility.

Statistics and Computing 2000; 10 : 325–337.
18. R Software.R: A language and environment for statisti-

cal computing (http://www.R-project.org). Accessed

August 2009.
19. Kistemann T, et al. GIS-supported investigation of hu-

man EHEC and cattle VTEC O157 infections in
Sweden: Geographical distribution, spatial variation

and possible risk factors. Epidemiology and Infection
2004; 132 : 495–505.

20. Ethelberg S, et al. Spatial distribution and registry-
based case-control analysis of Campylobacter infec-

tions in Denmark, 1991–2001. American Journal of
Epidemiology 2005; 162 : 1008–1015.

21. Olson CK, et al. Epidemiology of Campylobacter jejuni

infections in industrialized nations. In : Nachamkin I,
Szymanski CM, Blaser MJ, eds. Campylobacter.
Washington, DC: ASM Press, 2008, pp. 163–189.

22. Valkenburgh S, et al. Zoonoses and zoonotic agents

in humans, food, animals and feed in the
Netherlands 2003–2006. Bilthoven: Rijksinstituut voor
Volksgezondheid en Milieu ; 2007. Report No. :

330152001.
23. Schouten JM, et al. Escherichia coli O157 prevalence in

Dutch poultry, pig finishing and veal herds and risk

factors in Dutch veal herds. Preventive Veterinary
Medicine 2005; 70 : 1–15.

24. Werber D, et al. Shiga toxin-producing Escherichia coli

infection in Germany: different risk factors for different
age groups. American Journal of Epidemiology 2007;
165 : 425–434.

25. Belongia EA, et al. Diarrhea incidence and farm-

related risk factors for Escherichia coli O157:H7
and Campylobacter jejuni antibodies among rural chil-
dren. Journal of Infectious Diseases 2003; 187 :

1460–1468.
26. van den Brandhof WE, et al. General practitioner prac-

tices in requesting laboratory tests for patients with

gastroenteritis in the Netherlands, 2001–2002. BMC
Family Practice 2006; 7 : 56–63.

27. Callaway TR, et al.Diet, Escherichia coli O157:H7, and

cattle : a review after 10 years. Current Issues in
Molecular Biology 2009; 11 : 67–80.

28. Schuurman T, et al. Evaluation of 5k-nuclease and
hybridization probe assays for the detection of shiga

toxin-producing Escherichia coli in human stools.
Journal of Microbiological Methods 2007; 70 : 406–415.

29. Van Duynhoven YTHP, et al. Prevalence, charac-

terization and clinical profiles of Shiga toxin-producing
Escherichia coli in the Netherlands. Clinical Micro-
biology and Infection 2008; 14 : 437–445.

30. Haus-Cheymol R, et al. Association between indicators
of cattle density and incidence of paediatric haemolytic-
uraemic syndrome (HUS) in children under 15 years
of age in France between 1996 and 2001: an ecologi-

cal study. Epidemiology and Infection 2006; 134 :
712–718.

Livestock density and human STEC cases 1087

https://doi.org/10.1017/S0950268810002050 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268810002050

