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SUMMARY

Children may be at higher risk for carriage of antimicrobial-resistant bacteria because of higher
usage of antimicrobials. They also have higher rates of Shiga toxin-producing Escherichia coli
(STEC) infections than other population groups. Some infections, particularly in children, are
asymptomatic, but still lead to the excretion of large numbers of bacteria and viruses that may
cause clinical disease in other individuals. That is one reason why, in Lower Saxony as in other
German federal states – asymptomatic carriers of STEC are excluded from nurseries and schools
until three consecutive stool samples test negative in order to prevent secondary cases. The
prevalence of children who are asymptomatic STEC carriers is unknown. But if it is high, this
measure would have substantial socioeconomic effects on families. Infections with extended-
spectrum β-lactamase-producing Enterobacteriaceae (ESBL-E) are an increasing problem for
public health, especially for hospitals. However, there are no reliable estimates of the prevalence
of asymptomatic ESBL-E carriers in Lower Saxony, as there is no mandatory requirement to
report these carriers. In order to discuss the exclusion policies for children attending nurseries
and ascertain a baseline of ESBL-E carriers, we conducted a cross-sectional study. The aim was
to determine the prevalence of ESBL-E and STEC and identify risk factors for carriage in
nursery children without diarrhoea (asymptomatic) aged 0–6 years in four selected districts in
Northern Germany. During April–September 2014, we collected stool specimens with the support
of voluntarily participating nurseries. We tested for STEC by PCR and for ESBL-E on
chromogenic agar. Questionnaires answered by parents contained data on eating and drinking
habits, outdoor activities, prior antibiotic treatment and animal contact for each participating
child. We compared the epidemiological characteristics of ESBL-E carriers vs. non-carriers by
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using univariable analysis (P value, odds ratio and 95% confidence interval). We could not
perform a statistical analysis for STEC carriers due to the low numbers of positive STEC
specimens. Of 224 asymptomatic nursery children, we found a prevalence of 2·3% for ESBL-E
carriage and 0·5% for STEC carriage. Asymptomatic ESBL-E carriers were more likely to have
consumed raw milk, have had contact with pet rodents, or to have taken antibiotics during the
preceding 6 months. We also found a high proportion of raw milk consumption (11%). We
suggest that the low STEC prevalence in asymptomatic children supports the current practice of
excluding STEC carriers from nurseries. The association between ESBL-E carriage and raw milk
consumption and contact with pet rodents needs further investigation.

Key words: Asymptomatic children, extended-spectrum β-lactamase-producing Enterobacteriaceae,
Germany, raw milk, Shiga-like toxin-producing E. coli.

INTRODUCTION

Shiga toxin-producing Escherichia coli (STEC) are a
group of pathogenic E. coli strains capable of pro-
ducing toxins which resemble those produced by
Shigella dysenteriae [1]. Because of the numerous out-
breaks and potential life-threatening complications
(haemolytic uraemic syndrome; HUS), STEC are con-
sidered an emerging pathogen [2]. As required by the
German Protection against Infection Act [3], data on
STEC and HUS infections are collected systematically
based on reports by laboratories and physicians.
Germany registers on average about 1100 STEC
cases/year (70 HUS cases/year), with most cases oc-
curring in regions where cattle density is high, such
as Bavaria and Lower Saxony [4]. However, in
2011, a serious outbreak of E. coli producing both
Shiga toxin- and extended-spectrum β-lactamases
(ESBL) caused 4907 STEC cases (18 deaths) and
880 HUS cases (32 deaths), mainly in Northern
Germany [5].

STEC outbreak management in Germany includes
screening close contacts of notified cases to detect fur-
ther cases that might be asymptomatic. Any child test-
ing positive for STEC needs approval of the local
health authorities before they are allowed to return
to nursery, kindergarten or school, and must comply
with specified protection measures (German
Protection against Infection Act §34/2) to prevent
transmission to other children. A common measure
used by local public health offices is to exclude asymp-
tomatic children who are contacts of confirmed cases
from nurseries until three consecutive stool samples
test negative for STEC. This measure has substantial
socioeconomic effects: STEC is shed for 20 days on
average (up to 71 days) [6, 7] and parents often need
to take compassionate leave to care for their children

at home. In addition, school-age children might fall
behind in school.

Similarly, our knowledge about extended-spectrum
β-lactamase-producing Enterobacteriaceae (ESBL-E)
prevalence in asymptomatic children is limited. The
number of asymptomatic adults colonized with
ESBL-E in the community has also been increasing
[8, 9]. Recent estimates of the proportion of ESBL-E
carriers in asymptomatic adults vary between coun-
tries and range from 5·8% in Switzerland [10] to
65·7% in Thailand [11].

ESBL producers have been found across
Enterobacteriaceae, including Klebsiella spp. and E.
coli [8]. ESBL are capable of inactivating β-lactam
antimicrobials and they are frequently plasmid
encoded, which supports the spread of antimicrobial
resistance [12]. Usage of β-lactam antibiotics (e.g.
penicillin, first-, second-, and third-generation cepha-
losporins) increases the conferring of bacterial resist-
ance [13], and the prescription rate of antibiotics in
German children aged <6 years is higher than for
any other age group [14]. Initially, ESBL-E were
only observed and screened in hospitals [15], where
they have caused nosocomial outbreaks in neonatal
units [16]. The aim of our study was to estimate the
prevalence of STEC and ESBL-E in asymptomatic
children and identify factors associated with STEC
and ESBL-E carriage to guide risk assessment and
management.

MATERIAL AND METHODS

Study design and data collection

We performed an anonymous cross-sectional study
between April and September 2014 in four districts
in Lower Saxony in asymptomatic nursery children
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aged 0–6 years. Lower Saxony is a federal state in nor-
thern Germany, which has a population of about eight
million and is rather rurally structured with average
population density of about 168 inhabitants/km2.
The districts were selected with regard to cattle dens-
ity. We chose two districts with a high cattle density
(range 1·3–1·77 livestock units/ha) and two with low
density (range 0·21–0·44 livestock units/ha) [17].
Being asymptomatic was defined as absence of diar-
rhoea, i.e. if the question ‘suffering from diarrhoea
within the previous 7 days’ in the questionnaire was
answered in the negative.

In cooperation with the local public health author-
ities, we recruited nurseries by using convenience sam-
pling. We provided participating nurseries with study
packages containing information material (posters
and leaflets in German), questionnaires and sample
kits. Parents completed a questionnaire, signed a con-
sent form and collected a stool specimen of their child.
The data were linked by using a common survey par-
ticipant identification number.

Questionnaire

A questionnaire was designed to collected demograph-
ic data (age, sex and district) as well as information
about food consumed (including meat and milk pro-
ducts), contact with animals, outdoor activities (e.g.
swimming), travelling, and symptoms 7 days preced-
ing answering the questionnaire, and antibiotic treat-
ment during the preceding 6 months. The questions
were selected from other epidemiological studies fo-
cusing on children [18] and were a main part of the
ethics committee evaluation. The questionnaire was
checked for completeness and plausibility. The inter-
questionnaire consistency was tested by comparing
conflicting information between two questions. If the
answers indicated that the child had suffered from
diarrhoea within the previous 7 days, the child was
excluded from the study.

Microbiology

The medical laboratory of the Governmental Institute
of Public Health of Lower Saxony analysed the stool
samples. The stool specimens were enriched in mTSB
(tryptone soya broth containing mitomycin C;
R-Biopharm AG, Germany) and incubated at 37 °C
for 18–24 h. Nucleic acid isolation was performed
using the DNA QIAamp Mini kit (Qiagen,
Germany) with 200 μl elution volume. Afterwards,

the specimens were examined for Shiga toxin
(Stx)-producing E. coli and Shiga toxin genes (stx1
and stx2) using Shiga toxin-specific DNA sequences
by polymerase chain reaction (PCR) [19]. The sensitiv-
ities and specificities of the LC-PCR assays were each
100% for the stx1 gene and 96% and 100%, respective-
ly, for the stx2 gene [19]. For stx-positive tested iso-
lates no follow-up tests (e.g. serotyping) or
cultivation were performed.

EnterobacteriaceaeproducingESBLswere culturedon
selective chromogenic culture media (CHROMagar™

ESBL, MAST Group, Germany). Microorganisms
were identified based on their metabolic profile, using
an automated system (VITEK 2 compact; bioMérieux,
France). No further ESBL confirmatory tests were
performed.

Statistical analyses

Microsoft Access2003 (Microsoft Corp., USA) was
used as the database system. Descriptive statistics
were used to characterise carriers and non-carriers
according to age, sex and district. The prevalence of
carriage for both STEC and ESBL-E was calculated.
To identify factors associated with carriage, we
used χ2 test and Fisher’s exact test. Exposures with
P < 0·05 were regarded as statistically significantly
associated. The strength of the association was
assessed with odds ratios (ORs) and 95% confidence
intervals (CIs). We conducted the statistical analyses
using Stata/SE12 software (StataCorp., USA). Due
to the low numbers of positive specimens (see Results
section), a stratified analysis was not performed.

Ethics approval

Ethics approval for the study was granted in March
2014 by the Ethics Commission of the State Chamber
of Medicine in Lower Saxony (Landesärztekammer
Niedersachsen, Hannover, Germany, BO/45/2013).

RESULTS

We recruited 59 nurseries, of which 30 were from dis-
tricts with high cattle density and 29 were from districts
with low cattle density. In total, 1420 study packages
were distributed to parents and 225 stool specimens
(15·8%) were returned to the Governmental Institute
of Public Health of Lower Saxony together with con-
sent forms and questionnaires. Two participants
reported diarrhoea in the preceding 7 days and
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therefore the two stool specimens were subsequently
excluded.

The median age of study participants was three
years (interquartile range 3 years). Fifty-six percent
(n= 124) were male and 44% lived in districts with
high cattle density.

STEC were found in stool specimens of two chil-
dren (one with the presence of stx1 and stx2 and
one with stx1 only). The latter child reported diar-
rhoea during the last 7 days and was therefore
excluded from the study. Hence, the prevalence of
STEC-positive asymptomatic study participants was
0·5% (n= 1/224, 95% CI 0–1·3). Due to the low num-
ber of STEC carriers, we refrained from further statis-
tical analyses.

Six specimens tested positive for ESBL-E: four sam-
ples contained ESBL-producing E. coli, one contained
both E. coli and Citrobacter and one ESBL-producing
Klebsiella. One child with ESBL-producing E. coli sta-
ted having had diarrhoea during the last 7 days and
was excluded consequently from the study. The preva-
lence of ESBL-E-positive asymptomatic study partici-
pants was 2·3% (n = 5, 95% CI 0·3–4·2).

Univariable analyses revealed no significant differ-
ence in sex, age and district between ESBL-E carriers
(n= 5) and non-carriers (n= 219). One of the ESBL-E
carriers had been hospitalized during the previous
6 months. ESBL-E carriers reported a significantly
higher use of antibiotics during the preceding 6 months
than non-carriers (see Table 1). Children with ESBL-E
positive stool specimens were 14 times more likely to
have consumed raw milk (milk that has not been pas-
teurized or cooked), 13 times more likely to have
received antibiotic treatment during the preceding 6
months and eight times more likely to have had con-
tact with pet rodents. There were too few observations
within some categories to perform a multivariable
analysis.

Out of the 224 participants, 24 (11%) reported raw
milk consumption and 17 (71%) of the 24 lived in dis-
tricts with high cattle density.

DISCUSSION

In this cross-sectional study, we identified a low STEC
prevalence and an average ESBL-E prevalence in
asymptomatic nursery children aged 0–6 years in
Lower Saxony. Univariable analysis revealed that
raw milk consumption, contact with rodents and
antibiotic treatment was more frequent in ESBL-E
carriers.

We found a surprisingly high proportion of raw
milk consumption in our total study population.

Prevalence of STEC

On some occasions, contact screening has revealed a
high proportion of asymptomatic STEC carriers and
typing has shown the presence of different strains.
This indicates a high prevalence of asymptomatic car-
riage. Fairly high numbers of asymptomatic carriers
have been found during investigation of local out-
breaks [20, 21]. For example in 2012, contact screen-
ing in 31 farm employees in Lower Saxony identified
nine asymptomatic carriers [22]. The virulence pattern
of the pathogenic factors deviated widely. If this
reflects a general high prevalence of asymptomatic
carriage in the population, it would be inadequate to
exclude a child who has been identified by chance dur-
ing a contact investigation. The current policy for ex-
clusion is based on the assumption that asymptomatic
carriers are rare. However, the actual prevalence of
asymptomatic STEC carriers in German children
has not been assessed yet. Considering the current ex-
clusion criteria from nurseries and schools, a known
STEC prevalence in asymptomatic children would
be informative for policy makers to decide on appro-
priate control measures.

The observed STEC prevalence of 0·5% in asymp-
tomatic children was lower than expected and not con-
sistent with the proportion of carriers reported in
outbreak investigations (screening of contact persons)
in Germany and other countries [23–26]. In outbreak
situations, contact persons often test positive for other
STEC strains than the outbreak strain. Our findings
do not support that there is a high prevalence of
asymptomatic STEC in the general population. Still,
little is known about secondary transmission by asymp-
tomatic carriers [27]. Furthermore, from our own la-
boratory data (unpublished data) we know that
contact screening sometimes detects asymptomatic chil-
dren carrying STEC strains other than the outbreak
strain suggesting that different serotypes circulate dur-
ing outbreaks. Contact persons of STEC cases might
have been exposed to similar risks as the cases, such
as having consumed the same food products that
constitute a risk for STEC infection.

In Norway, the National Institute of Public Health
bases its decision about exclusion from school on the
clinical severity of the STEC infection and the age of
the child [28]. If a child in a nursery setting is diag-
nosed with stx1-producing E. coli, which causes less
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Table 1. Univariable analysis of covariates for extended-spectrum β-lactamase-producing Enterobacteriaceae
(ESBL-E)carriage in asymptomatic nursery children (n = 224) in Lower Saxony, 2014

Covariate

ESBL-E carrier

OR (95% CI)Yes (n= 5) No (n= 219)

Demographic characteristic
Median age (years) 3 2

Sex
Male 2 123
Female 3 96 0·5 (0·04–4·6)

District
Low cattle density 2 138
High cattle density 3 81 0·4 (0·03–3·5)

Siblings
Yes 3 147
No 2 72 0·7 (0·08–9·0)

Occupation of parents
Meat sector

Yes 1 4
No 4 215 18 (0·3–228)

Healthcare sector
Yes 0 50
No 5 169 0·0 (0·0–2·7)

Agriculture sector
Yes 0 9
No 5 210 0·0 (0·0–19·7)

Clinical history
Antibiotic treatment during preceding 6 months

Yes 4 51
No 1 168 13 (1·2–649)

Hospital stay during preceding 6 months
Yes 1 10
No 4 209 5 (0·1–59)

Food consumption
Raw milk

Yes 3 21
No 2 198 14 (1·5–173)

Crudités
Yes 2 196
No 3 23 0·1 (0–0·7)

Pasteurized milk
Yes 0 148
No 5 71 0·0 (0·0–0·4)

Game
Yes 3 41
No 2 178 7 (0·7–79)

Poultry meat
Yes 4 113
No 1 106 4 (0–185)

Sheep dairy products
Yes 1 14
No 4 205 3 (0·1–40)

Goat dairy products
Yes 1 17
No 4 202 3 (0·1–32)

Certified raw milk
Yes 0 71
No 5 148 0·0 (0·0–26)
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severe symptoms, the child should stay at home until
two stool samples test negative. If a child is diagnosed
with stx2-producing STEC or other serotypes which
are more likely to trigger HUS, readmission requires
five consecutive negative tests [23]. Snedeker et al.
[24] showed with an international systematic descrip-
tive and statistical analysis (literature search and gen-
eralized linear models) that 19% of E. coli O157
outbreak cases were the result of secondary spread.
Secondary outbreak cases were significantly younger
(median age of <6 years vs. 6–16 or 17–59 years)
than primary outbreak cases and the number of sec-
ondary cases via person-to-person transmission was
statistically higher in nurseries than for home or
other settings. It might be worth considering a similar
approach in Germany, taking into account epidemio-
logical characteristics, such as age of children and

microbiological characteristic of the bacteria (stx type
1 and/or stx type 2, eae and sorbitol fermentation).

Prevalence of ESBL-E

Our finding of an ESBL-E prevalence of 2·3% (95%
CI 0·3–4·2) in asymptomatic children in Northern
Germany corresponds well with the results of other
studies performed in Sweden (2·9%) [29], Portugal
(2·7%) [30] and France (4·6%) [31].

Several exposures have been shown to increase the
risk for ESBL-E carriage including foreign travel, hav-
ing contact with pets [32], person-to-person transmission
[16], hospital stay [33] and antibiotic treatment [12]. A
number of studies found ESBL‐producing E. coli
in food production animals and companion animals
[34–36].

Table 1 (cont.)

Covariate

ESBL-E carrier

OR (95% CI)Yes (n= 5) No (n= 219)

Animal contact during preceding 7 days
Pet rodents (e.g. hamster)

Yes 3 36
No 2 183 8 (0·8–93)

General animal contact
Yes 4 152
No 1 67 2 (0·2–89)

Farm animals
Yes 2 31
No 3 188 4 (0·3–36)

Pets
Yes 4 130
No 1 89 3 (0·3–135)

Cattle
Yes 2 22
No 3 196 6 (0·5–54)

Chicken
Yes 1 22
No 4 197 2 (0·1–23)

Other activities
Sandbox

Yes 5 207
No 0 12 —

Travelling
Yes 0 15
No 5 209 0·0 (0·0–1·5)

Swimming
Yes 0 72
No 5 147 0·0 (0·0–11)

OR, Odds ratio; CI, confidence interval.
Statistically significant associations (P< 0·05) appear in bold.
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Livermore & Woodford [12] showed that intake of
antibiotics is a risk factor for ESBL-E carriage.
According to the European Antibiotic Resistance
Surveillance System (EARS-Net [37]), the proportion
of E. coli that are resistant to third-generation cepha-
losporins, an indicator of ESBL production, has been
increasing across Europe during the last decade. In
2013, the population-weighted mean percentage for
third-generation cephalosporin resistance in Europe
was 12·6%, ranging from 5·0% (Iceland) to 39·6%
(Bulgaria). In 2014, Germany reported a proportion
of 12·6% of isolates resistant to third-generation ceph-
alosporin (cefotaxim) [38]. The proportion for third-
generation cephalosporin resistance in Lower Saxony
was 11·1% for 2014 and has increased over the last
years [39]. Our study showed that ESBL-E carriage
was associated with antibiotic treatment in the preced-
ing 6 months. The situation is worrying because of the
high proportion (70%) of antibiotic prescription in
children aged <5 years [14].

The high frequency of raw milk consumption and
its positive association with ESBL-E carriage in
asymptomatic children is notable. Raw milk is not
heat-treated and may contain pathogens (e.g.
Campylobacter, Listeria, Mycobacterium bovis, STEC,
Salmonella or norovirus [40]). In Germany, the sale
of raw milk is strongly restricted. Farms that are
allowed to sell raw milk need a licence and must
undergo strong quality control procedures. Besides
this, farms are allowed to sell milk directly to persons
in the neighbourhood if they explicitly advise the cus-
tomers to boil the milk before consumption. However,
to date there have been relatively few reports regard-
ing ESBL-E in raw milk. Skočková et al. [41] evalu-
ated the presence of ESBL-E. coli in bulk tank milk
and found only two (0·7%) out of 270 isolates positive.
Geser et al. [36] did not find ESBL-E in tank bulk raw
milk, while Rasheed et al. [42] detected a higher pro-
portion of drug-resistant E. coli in raw milk (6·7%, 2/
30) but did not detect ESBL-E. coli.

In our study, we found that ESBL-E carriage was
significantly associated with having contact with pet
rodents. Knowledge about ESBL-E prevalence in
pets is limited but a few studies showed that
ESBL-producing E. coli strains are commonly found
in dogs, cats, horses [43] and cattle [44]. Guenther
et al. [45] reported that urban rats (16% out of 56) car-
ried an ESBL-producing E. coli strain and might be a
potential threat for humans acquiring ESBL-E, as the
rats might contaminate the environment. Ho et al. [46]
reported a carriage rate of ESBL-producing E. coli of

4·2% (out of 456 rodents) in wild rodents (unspe-
cified). Taken together, these results indicate that pet
rodents are a potential source for ESBL-E infection
in humans.

Our study has some limitations. All identified po-
tential risk factors should be considered with caution
as our numbers are small and the confidence intervals
of the corresponding odds ratios are wide. Moreover,
there is the possibility of not identifying true risk fac-
tors due to small numbers of carriers. It is also pos-
sible that different risk factors exist for the three
different Enterobacteria strains (e.g. Klebsiella,
Citrobacter, E. coli). There might also be a selection
bias in the recruitment of nursery children as we per-
formed convenience sampling and provided the infor-
mation material only in the German language.

CONCLUSION

In conclusion, the low STEC prevalence in asymptom-
atic children suggests that exclusion policies may suc-
cessfully contribute to reducing transmission in
nurseries. Nevertheless, a staged approach to exclu-
sion of asymptomatic children should be considered
based on their age and the found stx gene type in
order to limit unnecessary socioeconomic impact.
More research should be conducted on the effect of
secondary transmission through asymptomatic car-
riers in nurseries. This study was performed to gain
initial primary data for hypothesis generation.

Our study revealed a low prevalence of ESBL-E. It
is, nevertheless, a matter of concern, since there is a
reservoir of antibiotic-resistant genes within the com-
munity. Further epidemiological studies should focus
on the characteristics of ESBL-E in pets and raw
milk to gain a better understanding of these potential
risk factors in asymptomatic children. Parents should
be more intensively informed about the increased risk
of foodborne illness from drinking raw milk especially
for vulnerable groups, such as infants.
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