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SUMMARY

To investigate risk factors for sporadic salmonellosis, for each notified case four randomly
selected population controls matched for age, sex and geographical region were interviewed via
self-administered questionnaire. Conditional logistic regression analysis of 285 matched pairs
revealed significant associations for raw ground pork consumption [odds ratio (OR) 6·0, 95%
confidence interval (CI) 1·8–20·1], taking antacids (OR 5·8, 95% CI 1·4–24·5), eating meat
outside the home (OR 5·7, 95% CI 2·2–14·6) and daily changing or cleaning of dishcloth (OR
2·1, 95% CI 1·2–3·9). Animal contact and ice cream consumption were negatively associated with
salmonellosis (OR 0·5, 95% CI 0·2–1 and OR 0·3, 95% CI 0·1–0·6, respectively). S. Typhimurium
infections were significantly associated with raw ground pork consumption (OR 16·7, 95% CI
1·4–194·4) and S. Enteritidis infections with having travelled abroad (OR 9·7, 95% CI 2·0–47·3).
Raw egg consumption was not a risk factor, substantiating the success of recently implemented
national control programmes in the poultry industry. Unexpectedly, hygienic behaviour was more
frequently reported by cases, probably because they overestimated their hygiene precautions
retrospectively. Although animal contact might enhance human immunocompetence,
underreporting of salmonellosis by pet owners could have occurred. Eating raw pork products
is the major risk factor for sporadic human S. Typhimurium infections in Lower Saxony.

Key words: Domestic kitchen hygiene, foodborne zoonosis, matched case-control study, S. enterica,
social desirability bias.

INTRODUCTION

Non-typhoidal salmonellosis continues to be a sub-
stantial burden on public health in the Western
world. Lower Saxony reports about 2000 notifications
(25/100 000 inhabitants) each year, the majority being

sporadic cases with an unknown source of infection
[1]. Within Germany, the predominance of the two
major serovars, Salmonella Typhimurium and
S. Enteritidis, strongly differs between geographical
regions [2]. Since 2009, S. Typhimurium has been
the most frequently reported serovar in Lower
Saxony accounting for 41% of all notified cases in
2012 [3]. In contrast to S. Enteritidis infections,
which are mainly associated with egg and poultry
consumption [4–9], risk factors and infection routes
for S. Typhimurium serovars are less clear [10].
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Associations with exposures that differ from the classi-
cal foodborne transmission [6, 11] substantiate that
the agent seems to be widespread in the environment
rather than in food only. Besides shifts in serovar
prevalence, potential changes in food production in-
dustry or consumers’ behaviour such as increasing
popularity of exotic foods and frequent foreign travel
justify re-assessment of risk factors in the same popu-
lation, in order to tackle prevailing challenges of food-
borne hazards [12]. To extend our knowledge about
recently described risk factors [13, 14] and to assess
the impact of hygiene in the domestic environment,
we performed a case-control study on sporadic sal-
monellosis in Lower Saxony. We matched cases and
controls for county district, age and sex. Besides an
overall analysis, S. Enteritidis and S. Typhimurium
infections were also considered separately.

METHODS

Study design

Sampling of cases and controls was performed be-
tween January 2012 and November 2013. Out of
the 46 county districts of Lower Saxony, 14 were
selected to participate in the study. We aimed at
obtaining a representative sample with respect to
population density and location within the Federal
state. In order to take regional eating preferences or
other behaviours into account, we included county
districts that had reported a high proportion of infec-
tions with either S. Typhimurium or S. Enteritidis
serovars in previous years. Cases were recruited
from Salmonella reports of the German infectious
disease notification system. Local health departments
(LHDs) delivered the questionnaires to persons with
laboratory-confirmed Salmonella infection and clini-
cal symptoms (diarrhoea, abdominal pain, vomiting,
fever). To ensure that only sporadic cases were in-
cluded, patients were excluded from enrolment in
the study if they were part of an outbreak identified
by the LHDs’ on-site investigations or if they
affirmed a question about recent diarrhoea occurring
in their contact persons. Controls were selected from
a random sampling list provided by the registration
offices in the respective areas and received the ques-
tionnaire by mail. For each individual case, four con-
trols were selected, matched for age (±3 months), sex
and county district. Observation periods were dated 3
days backwards from the day on which the first
symptoms of disease were observed in the respective

cases. Observation periods of cases and controls
were matched for days of the week in order to ac-
count for possible differences between weekends
and workdays.

Questionnaire

Cases and controls were invited to complete a self-
administered questionnaire. Besides basic demogra-
phic information (e.g. level of professional education,
number of household members, migration back-
ground), questions covered leisure activities, contact
with animals and various food exposures during the
3 days preceding the illness, in particular consumption
of different types of meat, cooking condition (raw,
medium, fully cooked) and whether the food was con-
sumed at home or while eating out. Medication over
the last 4 weeks and comorbidities were also assessed.
Detailed information was collected about consump-
tion of food items that were obtained from either de-
livery services or takeaways. Other questions covered
job-related contact with animals (e.g. farmer, veterin-
arian), small children (e.g. nurse) or raw meat (e.g.
butcher) of the respective person and other household
members. Questions about kitchen hygiene as well as
practices of meat preparation and consumption were
not specifically addressed during the observation per-
iod, but inquired about in general routine habits in the
respective household. Questionnaires were only used if
the attached consent form was signed by the index
person or by the parent/guardian of an under-age
index person. In some cases, oral consent was
obtained via phone. Information about serovars was
collected from the reports of the LHDs.

Statistical analysis

Microsoft Access2003 (Microsoft Corp., USA) was
used as the database system and Stata statistical soft-
ware, release 12 (StataCorp., USA) was used to con-
duct the statistical analyses. Before data entry,
questionnaires were controlled for completeness
and plausibility. We performed a conditional logistic
regression analysis to consider the 1:n pair-matched
design. Therefore, two versions of odds ratios (OR)
are reported: The conditional OR taking into ac-
count the matching for sex, age and region and an
adjusted OR accounting for multivariable risk fac-
tors. Based on the outcome of the univariable analy-
sis, variables with P < 0·2 and more than four
exposed subjects in each group were selected for
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the initial multivariable logistic regression analysis.
The cut-off value for step-wise backward elimination
of non-significant variables from the model was P5
0·2. In all analyses the level of significance α was set
to 0·05 (two-sided). To avoid covariation in vari-
ables tested in the multivariable logistic regression
analysis, certain exposures were combined to con-
struct composite variables. For example ‘consump-
tion of meat outside the home’ consisted of
consumption of poultry, pork, beef (or veal) or
lamb outside the home. Associations (Cramer’s V)
between variables selected for multivariable testing
were <0·3. Due to the explorative nature of this
study, multiplicity correction to control the number
of false-positive results, as well as modelling of inter-
actions were omitted. Sensitivity analyses were per-
formed to validate the final model. The results of
the multiple logistic regression analysis were quite
stable. Backward and forward selection procedures
as well as omitting certain variables did not lead to
considerable changes in the calculated OR for the re-
maining factors.

Ethical approval

The study was exempted from ethical approval by the
ethics committee of the Hannover Medical School.

RESULTS

Between January 2012 and November 2013, over
3500 questionnaires were dispatched. Response
rates were 60% (425/716 questionnaires) in cases
and 28% (800/2864) in controls. Seventy-nine con-
trols were excluded as they reported to have suffered
from diarrhoea recently. The final dataset com-
prised 1127 participants (416 cases, 711 controls)
resulting in 285 matched pairs (732 observations).
Mean (±S.D.) time lag between cases’ and controls’
observation periods was 14 (±9) days. Serotyping
was performed in 398 isolates. S. Typhimurium ser-
ovars were found in 180 (43%) cases, S. Enteritidis
serovars in 80 (19%) cases and S. Infantis in 22
(5%) cases. An overview of the sociodemographic
characteristics of cases and controls (non-matched
dataset) is given in Table 1. Multivariable logistic
regression analysis revealed significant associations
for consumption of raw ground pork, intake of gas-
tric acidity inhibitors and eating meat outside the
home. Affirmative answers to the questions regard-
ing kitchen hygiene were generally more frequent

in cases than in controls, and in particular, a signifi-
cant association between sporadic salmonellosis and
the statement that the dishcloth in the respective
household was changed daily or cleaned by using
a minimum washing temperature of 60 °C on a
daily basis was detected. Furthermore, significant
associations with OR <1 were detected for

Table 1. Sociodemographic characteristics of
salmonellosis cases and controls in Lower Saxony,
2011–2013 (non-matched dataset)

Cases % Controls %

Total 416 711
Age (years)

<2 17 4·1 23 3·2
2–6 57 13·7 127 17·9
7–18 107 25·7 172 24·2
19–30 66 15·9 79 11·1
31–45 50 12·0 75 10·5
46–60 49 11·8 96 13·5
>61 70 16·8 139 19·5

Mean age (years) 31 32
Median age (years) 22 21
Sex

Male 217 52·2 380 53·4
Female 199 47·8 331 46·6

Season
April–October 254 61·1 485 68·2
November–March 162 38·9 226 31·8

Education
Still in education 61 14·7 95 13·4
No education/no
professional training

26 6·3 38 5·3

Trained worker/
apprentice

158 38·0 235 33·1

High school/technical school 62 14·9 113 15·9
University, college 50 12·0 140 19·7
Other/not specified 59 14·2 90 12·7

Number of persons in
household
1 28 6·7 48 6·8
2 116 27·9 177 24·9
3 79 19·0 142 20·0
4 122 29·3 228 32·1
5 42 10·1 81 11·4
56 19 4·6 29 4·1
Not specified 10 2·4 6 0·8

Migration background
Both parents born
outside Germany

41 9·9 44 6·2

One parent born
outside Germany

20 4·8 37 5·2

Both parents born in
Germany

355 85·3 630 88·6
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animal contact and consumption of ice cream
(see Table 2). Serovar-specific risk-factor analyses
of 124 cases with sporadic S. Typhimurium infec-
tions and their respective controls (192 controls;
316 observations) revealed a significant association
for raw ground pork consumption in the multivari-
able analysis (see Table 3a). S. Enteritidis infections
were significantly associated with having travelled
abroad in the multivariable analysis of data from
57 cases and 96 controls (153 observations;
Table 3b).

DISCUSSION

The majority of reported salmonelloses in Germany are
sporadic [1] and the source of infection often remains
unidentified. In order to develop, implement and up-
date successful control and prevention strategies, a
proper understanding of the current epidemiology
and potential risk factors of a disease is necessary. To
this aim, we investigated notified cases with sporadic
salmonellosis in Lower Saxony. Controls were matched
on age, sex and region, to exclude these potential con-
founders. In the present study, 60% of the cases and
28% of the controls returned the questionnaire.
Although we approached four controls for each case,
still 131 cases remained without a matched control. A
similarly designed study on yersiniosis that also used
self-administered questionnaires reported response
rates of 42% for cases and 36% for controls [15]. In a
previous study on sporadic salmonellosis, telephone
interviews could be performed successfully with 51%
of the recruited Salmonella cases whereas only 30% of
controls consented to an interview [13]. These data in-
dicate that in controls, response rates are low for both
oral and written questionnaires. The serovar distri-
bution found in our study closely reflects the general
distribution of serovars in all notified cases in Lower
Saxony during the study period (2012: 43%
S. Typhimurium; 23% S. Enteritidis; 3% S. Infantis;
2013: 44% S. Typhimurium; 16% S. Enteritidis; 7%
S. Infantis; [3]), emphasizing the significance of
S. Typhimurium serovars for sporadic human infec-
tions in this region. Eating ‘mett’ (raw pork finely
minced or ground and used as a spread on bread) is
very popular in the northern and eastern regions of
Germany, and the current risk-factor analysis revealed
the highest OR for this food exposure. In line with
previous findings [14], a significant association with
S. Typhimurium infections for consumption of raw
ground pork was also detected. Prevalence in

German slaughter pigs as well as transmission of the
pathogen along the food chain have been documented
[16, 17], emphasizing the relevance of pork as a source
for Salmonella infections in the German population
[13, 14, 18].

For sporadic S. Enteritidis infections, foreign travel
was identified as a risk factor, whereas in contrast to
earlier studies [4, 5, 14] consumption of food items
containing raw eggs was not significantly associated
with the disease. Across Germany, overall numbers
of notified S. Enteritidis infections in humans have
been decreasing during the past decade, reflecting
the decreasing prevalence of this serovar in laying
hen flocks and hence eggs [19]. This decline is inter-
preted as a consequence of the recently implemented
national Salmonella control and monitoring pro-
grammes in egg production sectors in accordance
with regulation (EC) No. 2160/2003 [20]. Our current
findings demonstrate the first epidemiological evi-
dence at the population level for the success of
these measures in Germany. Similarly, human
S. Enteritidis infections are mostly travel-related in
other European countries with low prevalence of
S. Enteritidis in laying hen flocks [9, 21].

In line with our current findings, taking antacids
has been identified previously as a risk factor for spor-
adic salmonellosis [4, 6, 13, 22]. Intake of antibiotics
seems to favour human S. Typhimurium [10, 11] but
not S. Enteritidis infections [9], probably due to differ-
ent antimicrobial resistance profiles in serovars [6]. In
our dataset, treatment with antibiotics was signifi-
cantly associated with S. Typhimurium infections in
the single-factor analyses, but the association failed
significance in the multivariable analysis.

In the past, ice cream has been identified as a
vehicle of S. Enteritidis infection, mostly due to cross-
contamination with raw eggs [9, 23]. In contrast to
these observations, our current analysis revealed a
negative association between ice cream consumption
and sporadic Salmonella infections, which is difficult
to interpret. Although contaminated eggs are rarely
found nowadays [20], which minimizes infection
risk, a truly protective effect of ice cream consump-
tion does not seem biologically plausible and lacks
biomedical evidence. Whether ice cream consumption
is associated with another, still unidentified protective
exposure or whether subjects who consume ice cream
reduce their exposure to other risk factors requires
further exploration. It should be mentioned that
negative associations, in particular for food expo-
sures, are occasionally found in case-control studies
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Table 2. Univariable and multivariable analysis of selected exposures associated with sporadic salmonellosis in a
matched case-control study in Lower Saxony, 2011–2013

Variables
Exposures 3 days prior to onset of symptoms

Cases
(n= 285)

Controls
(n= 447)

Univariable
analysis

Multivariable
analysis

aOR† 95% CI aOR‡ 95% CI

Activity
Travel abroad 38 16 4·30 2·29–8·05 Removed*
Swimming in sea 23 10 3·96 1·07–9·21 Not used**
Animal contact 136 249 0·72 0·52–1·00 0·46 0·22–0·99
Job-related animal contact of household member 7 24 0·33 0·11–0·98 0·14 0·01–1·38
Playing in sandbox 65 127 0·67 0·42–1·06 0·34 0·11–1·03

Food outside the home
Eating out 163 205 1·82 1·30–2·54 Not used**
Eating at restaurant 57 67 1·67 1·08–2·58 Removed*
Eating at takeaway 50 53 1·60 1·03–2·50 Removed*
Hamburger 28 35 1·81 1·01–3·24 Removed*
Eating at hospital 9 6 2·86 0·93–8·75 Removed*
Meatball 14 14 2·11 0·90–4·96 Removed*
Sandwich 35 48 1·56 0·92–2·65 Removed*
Pre-prepared fruits/berries 25 31 1·59 0·86–2·94 Removed*

Meat consumption
Ground lamb 9 4 7·59 1·62–35·67 Combined***
Ground venison 5 4 8·06 0·91–71·06 Combined***
Ground lamb and/or venison 10 6 Removed*
Poultry outside the home 50 26 3·91 2·19–6·98 Combined***
Pork outside the home 43 37 2·59 1·49–4·53 Combined***
Beef or veal outside the home 22 14 2·17 1·04–4·53 Combined***
Lamb outside the home 12 4 4·32 1·34–13·90 Combined***
Meat outside the home 77 61 5·66 2·20–14·58
Ground pork outside the home 34 21 3·31 1·71–6·38 Removed*
Raw ground pork 51 52 2·39 1·42–4·02 6·01 1·79–20·14
Ground poultry outside the home 10 6 2·68 0·82–8·81 Removed*
Ground beef or veal outside the home 10 8 1·97 0·74–5·26 Removed*

Various food items
Foods containing raw eggs (e.g. tiramisu, mayonaise) 53 52 2·04 1·33–3·14 2·68 0·87–8·25
Pre-packed salad 50 56 1·74 1·12–2·70 Removed*
Ice cream 107 242 0·46 0·32–0·66 0·26 0·11–0·58
Smoked ham (raw) 90 177 0·69 0·49–0·99 0·49 0·22–1·11

Exposures during the last 4 weeks before onset of symptoms
Antacids 48 32 2·83 1·65–4·86 5·77 1·36–24·51
Antibiotics 32 23 2·16 1·24–3·76 Removed*

Assessment of hygiene behaviour
‘In my household it is common practice to . . .’

Change or clean the dishcloth on a daily basis 155 176 1·87 1·36–2·55 2·13 1·18–3·86
Disinfect kitchen surfaces (in addition to cleaning) on a
daily basis

70 82 1·57 1·07–2·30 Removed*

Wash hands with soap and water before preparing
food

270 410 2·32 1·13–4·78 Removed*

aOR, Adjusted odds ratio; CI, confidence interval.
Variables that are significantly (P40·05) associated with the disease appear in bold.
†Odds ratio accounting the matching for age, sex, region.
‡Odds ratio accounting the multivariable risk factors.
* Variable removed (P> 0·2) from model; **variable not used in final model; ***variable integrated in composite variable.
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and are usually considered as artefacts or chance
associations [6, 7, 11, 24–26].

A variety of domestic and wildlife animal species
can host and shed non-typhoidal Salmonella spp.,

thereby contributing to human infections [27].
However, our current data, indicate a lower risk of
illness for people that had experienced animal con-
tact, which could signify a protective effect. It is

Table 3. Univariable and multivariable analysis of selected exposures associated with sporadic (a) S. Typhimurium
or (b) S. Enteritidis infections in a matched case-control study in Lower Saxony, 2011–2013

Variables
Exposures 3 days prior to onset
of symptoms

Cases
(n= 124)

Controls
(n= 192)

Univariable analysis Multivariable analysis

aOR† 95% CI aOR‡ 95% CI

(a) S. Typhimurium infections
Food outside the home

Eating at fast-food
restaurant

19 11 3·23 1·44–7·24 Removed*

Eating out 72 89 1·76 1·07–2·91 Not used**
Sandwich 18 18 2·54 1·06–6·10 Not used**
Hamburger 15 12 2·10 0·92–4·78 Not used**
Eating at takeaway 20 16 1·78 0·90–3·53 Not used**
Eating at canteen/cafeteria 9 8 2·30 0·81–6·56 Removed*

Meat consumption
Raw ground pork 32 17 5·17 2·22–12·00 16·65 1·43–194·37
Ground pork outside the
home

18 12 4·83 1·77–13·21 Removed*

Poultry outside the home 17 10 5·19 1·69–15·92 4·05 0·83–19·72
Uncooked pork sausage 55 61 1·86 1·11–3·13 Removed*

Various food items
Foods containing raw eggs
(e.g. tiramisu, mayonaise)

24 23 2·00 1·06–3·79 Removed*

Pre-packed salad 23 23 1·70 0·90–3·19 Removed*
Exposures during the last 4 weeks before onset of symptoms

Medication
Antacids 19 12 3·12 1·32–7·41 Removed*
Antibiotics 20 10 3·49 1·57–7·75 6·48 0·60–70·36

(b) S. Enteritidis infections
Cases
(n= 57)

Controls
(n= 96)

Univariable analysis Multivariable analysis

aOR† 95% CI aOR‡ 95% CI

Activity
Travel abroad 16 4 12·05 2·71–53·54 9·65 1·97–47·31
Swimming in sea 8 2 10·99 1·31–92·14 Not used**
Job-related contact with
children aged <6 years

5 6 3·49 0·62–19·62 Removed*

Food outside the home
Eating out 35 44 2·99 1·29–6·94 Removed*
Chicken doner kebab 7 5 3·65 0·91–14·65 3·45 0·63–18·86

Various food items
Smoked pork sausage 8 8 2·43 0·76–7·76 3·45 0·83–14·28
Foods containing raw eggs
(e.g. tiramisu, mayonaise)

10 12 2·02 0·77–5·27 Removed*

aOR, Adjusted odds ratio; CI, confidence interval.
Variables that were significantly (P4 0·05) associated with the disease appear in bold.
†Odds ratio accounting the matching for age, sex, region.
‡Odds ratio accounting the multivariable risk factors.
* Variable removed (P> 0·2) from model; **variable not used in final model.
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conceivable that continuous exposure to foodborne
pathogens reduces clinical symptoms due to acquired
immunity. The incidence of acute gastrointestinal ill-
ness caused by Escherichia coli-polluted drinking
water decreased with years of residence in the respect-
ive area [28]. The risk of E. coli and Salmonella infec-
tion via animal contact has also been found to
decrease with age [18, 29]. During childhood, clinical
or subclinical Salmonella infections caused by re-
peated animal contact have the potential to modulate
the immune system [30], thereby reducing the risk for
allergic sensitization [31]. On this evidence, a certain
protective effect of animal contact against human sal-
monellosis appears biologically plausible. On the
other hand, pet owners have been found to visit
their physician less frequently [32], which could have
led to underreporting in the current study. The fact
that previous studies identified animal contact as
risk factor only when notified Salmonella cases and
notified rotavirus cases were compared, but not
against healthy population controls [13, 18] also indi-
cates a certain pre-selection of notified cases regarding
this exposure. Although negative associations between
animal contact and other exposures were not detected
in the present study, it is also conceivable that pet
owners reduce their exposure to other risk factors,
for example by travelling less or eating meat outside
the home less frequently.

Univariable analysis revealed significant associa-
tions between salmonellosis and consumption of poul-
try, pork, beef (or veal) and lamb outside the home.
Due to the high association within these variables,
however, not all types of meat could be included in
the multivariable model, which found a significant as-
sociation between consumption of meat outside the
home and salmonellosis. It is therefore not possible
to discriminate between different types of meat, but
all sorts of meat can be contaminated and act as infec-
tion vehicles for salmonellosis [20], especially if inad-
equate food handling behaviour is performed [33].
Similar to our data, eating out or eating chicken pre-
pared outside the home have been identified as risk
factors for salmonellosis previously, whereas con-
sumption of food prepared at home has been found
to be protective [7, 8]. These reports are, however, in
contrast to the assumption that the majority of food-
borne infections occur in private settings [34].
Hygiene practices of consumers strongly affect mi-
crobial load in prepared meals [35], highlighting the
importance of adequate food-handling behaviour in
the domestic environment [33]. We therefore chose

to assess hygiene behaviour of cases and controls in
our questionnaire and found that hygienic behaviour
was reported more frequently by cases than controls.
Changing the dishcloth on a daily basis or cleaning
it daily by using a minimum washing temperature of
60 °C was significantly associated with sporadic sal-
monellosis in the multivariable analysis. One possible
interpretation of this finding is that cases behaved
more hygienically than controls. Salmonella spp. can
develop resistance to disinfecting agents [36], but
whether this also increases their virulence remains
unclear [37]. It is conceivable that people who do
not clean their dishcloth thoroughly are constantly ex-
posed to small doses of bacteria, which could enhance
their immunocompetence [28, 30]. A certain limitation
of the study is that the respective question did not
cover any details regarding the washing procedure,
so it was not possible to assess the efficacy of the ap-
plied practice. On the other hand, cases tend to retro-
spectively overemphasize their hygiene precautions by
describing their personal behaviour in a more favour-
able light [38]. Assessment of hygiene behaviour via
questionnaire is difficult and results can be inconsist-
ent with the actual microbiological findings [34].
Discrepancies between self-reported and observational
data on hygiene behaviour are also common [33, 35].
In a previous investigation, data on hygienic behav-
iour collected via telephone interviews were biased
by social desirability [13]. In the present study we
therefore aimed at minimizing social desirability bias
by using self-administered questionnaires. Thereby,
results cannot be biased by interviewer presence and
the perceived anonymity is higher compared to tele-
phone interviews [38]. To avoid recall bias, our ques-
tions about kitchen hygiene as well as practices of
meat preparation and consumption were phrased in
a very general way and did not particularly address
the observation period. Our current findings are in
contrast to the widely held belief that poor hygiene
is a risk factor for salmonellosis. A truly protective ef-
fect, however, should be biologically plausible, with
underlying mechanisms clarified. To discover whether
cases and controls really differ in their hygiene behav-
iour or whether they just answer differently is the aim
of our future research.

CONCLUSION

In conclusion, our results confirm that different risk
factors for different Salmonella serovars exist. In
regions such as Lower Saxony where raw ground
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pork consumption is popular, these food items must
be considered as the major vehicles of infection with
S. Typhimurium serovars. Public education should
aim at reducing exposure of vulnerable groups, such
as the elderly, children, pregnant or immunocompro-
mised persons to raw pork products. Control mea-
sures in farm-to-retail processing may include
reducing Salmonella prevalence in pigs and minimiz-
ing the risk of contamination at all stages of the
food chain [16]. Raw eggs now appear to be of
decreasing relevance for infections with S. Enteritidis
serovars in Germany, leaving foreign travel as the
major risk factor. Advising travellers to avoid poten-
tially contaminated dishes and beverages might at
present be the most promising intervention. The fact
that suppressing gastric acid production medically
can increase the risk of foodborne infections might
not be generally known and should be communicated
by practitioners when antacids are prescribed. Our
current results do not imply that animal contact or
poor domestic hygiene increase the chance of acquir-
ing sporadic Salmonella infections, but the potential
bias of self-reported data on hygiene behaviour
[33–35] must be taken into account. Our findings
also illustrate that a sound interpretation of associa-
tions found in case-control studies as risk factors or
protective effects partly relies on accompanying
microbiological and clinical investigations that eluci-
date the virulence mechanisms of an infectious agent
as well as the pathogenesis of a disease.
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