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Introduction

Members of the family Enterobacteriaceæ are ubiquitous. Because of technically given non-sterility of milk powder and powdered infant formula (PIF)
Enterobacteriaceæ can be occasionally detected. For PIF a process hygiene
criterion which requires the absence of Enterobacteriaceæ in 10 x 10 g exists in
the European Community (Anonymous, 2005). In case of positive results, improvements in process hygiene to minimize contamination are required.
Powdered infant formula is not a sterile product: due to technical
reasons, a spray- drying tower always operates under conditions of slight under-pressure. The system is not hermetically sealed and therefore contaminations cannot entirely be excluded. This fact must be taken into consideration
when it comes to trace back possible routes of contamination. Only few epidemiological data are available, industrial companies have to carry out their
own investigations. Based on regulation (EC) 1441/2007 (Anonymous, 2007 a)
on microbiological criteria for foodstuffs PIF has to be analysed for Enterobacteriaceæ and Cronobacter spp. in parallel unless a correlation of these
micro-organisms has been established at an individual plant level. This criterion can hardly be fulfilled, which makes necessary additional analysis till the
final release.
Cronobacter spp. is a newly described genus, formerly known as
Enterobacter sakazakii. The World Health Organization (WHO) assessed the
situation of E. sakazakii and other micro-organisms in PIF in 2004 (Anonymous,
2004), in 2006 there was made another risk assessment (Anonymous, 2006 a)
which states that industrial companies should effectively implement preventive measures (e.g. dry cleaning instead of wet cleaning) to avoid contaminations during manufacturing. WHO/FAO guidelines on safe preparation,
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handling and storage of PIF were published in 2007 (Anonymous, 2007 b),
which show that not only production risks but also preparation risks have
been taken into consideration. The first international scientific conference
on Cronobacter in 2009 (http://www.ucd.ie/crono09/) presented a wide variety of information concerning taxonomy, epidemiology, methodology, risk
assessment and field studies. Based on those data the following work should
evaluate epidemiological data including analytical improvements.
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Diversity of Enterobacteriaceæ in powdered
infant formula (PIF) and PIF production plants

Until today, only few studies have focused on the diversity of Enterobacteriaceæ in PIF (Muytjens et al., 1988; Iversen and Forsythe, 2004; Estuningsih et
al., 2006). Since Enterobacteriaceæ are not likely to survive the implemented
heating process during manufacturing, a recontamination of the powdered
infant formula after this process step must be assumed. Thus also the presence and diversity of Enterobacteriaceæ in the production environment and
in raw ingredients is of interest.
In Regulation (EC) 2073/2005 (Anonymous, 2005), the European
Commission states that Salmonella and Cronobacter spp. are the micro-organisms of greatest concern in powdered infant formula. The presence of
these pathogens constitutes a considerable risk when conditions allow growth
of the bacteria. In particular, Cronobacter spp. are known to cause infections
in neonates with severe outcomes such as sepsis, meningitis or necrotizing
enterocolitis due to contaminated infant formula (Biering et al., 1989; Bar-Oz
et al., 2001; van Acker et al., 2001; Himelright et al., 2002). Some reported cases
have been linked to the ingestion of contaminated infant formula (Biering et
al., 1989; Himelright et al., 2002; van Acker et al., 2001). However, the organisms
appear to be ubiquitous having been isolated from a variety of food products,
production environments and households (Friedemann, 2007; Gurtler and
Beuchat, 2005; Kandhai et al., 2004 a; Kandhai et al., 2004 b).
The reported prevalence of Cronobacter in surveys of commercially
available PIF appears to be gradually decreasing from estimates of 14 % in 1988
(Muytjens et al., 1988) and 6.7 % in 1997 (Nazarowec-White and Farber, 1997), to
2.5 % in 2001 (Heuvelink et al., 2001). Recent estimates indicate that although
small reductions may still occur, the prevalence appears to be stabilizing at
2.0-2.5 % (Iversen and Forsythe, 2004; Iversen et al., 2008; Mullane et al., 2007).

Diversity of Enterobacteriaceæ

This could be either due to particularly persistent phenotypes in production
facilities which seem to be resistant even to the improved hygiene measures
adopted by manufacturers, or to yet unidentified contamination routes. Fingerprint typing has become established as a useful method to support monitoring of micro-organisms in relation to public health, consumer protection
and manufacturing hygiene practices. Over the years new typing methods
have been developed and compared to existing methods to determine which
have the most discriminatory power.
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Production of powdered infant formulæ

Powdered infant formulae (PIF) are foodstuff intended for particular nutritional use for infants under six months. PIF satisfy the baby’s nutritional requirements until the introduction of appropriate complementary feeding.
PIF are strictly reglemented in Commission Directive 2006/141/EC (Anonymous, 2006 b). These formulae are composed of the same main ingredients as
human milk. For most of these ingredients there are upper and lower limits
set in the above mentioned directive. In order to guarantee a constant level of
product quality which well fulfils the strict parameters of PIF, the choice of raw
material is of the utmost importance. For this reason a reliable quality agreement as well as certificates of analysis for each delivery are highly recommended. After a positive release of each incoming lot, milk and milk concentrate respectively, vegetable fats and powdered ingredients such as lactose,
maltodextrin, whey protein, vitamins and minerals are blended, emulsified
and homogenized in order to achieve a temporarily stable wet mix of similar
droplet size. According to figure 1 the emulsion requires a heat treatment be
it a pasteurisation (75°C) or a UHT treatment (> 100°C). This step is necessary
to eliminate bacteria which can originate from the raw material used. A critical control point (CCP) is therefore necessary. Commission Regulation (EC)
No 1441/2007 (Anonymous, 2007 a) sets the limits for food safety as well as for
process hygiene criteria.
In order to achieve a maximization of dry matter in the liquid phase,
which leads to a better efficiency of the spray-drying tower, the emulsion will
in most cases require a concentration step to remove water from the mix.
Afterwards, the emulsion is fed to the tower where the drying process takes
place under conditions of slight under-pressure. Due to conditioned hot air
(approximate 200°C) the water evaporates as the droplets fall. This step ensures the product’s stability with a shelf life of 18-36 months. During the last
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phase of the drying process, which takes place in an internal and external fluid bed, it is recommended that one should add heat labile ingredients such as
probiotic bacteria, lactoferrine and heat sensitive trace elements. Throughout the last drying stage, an agglomeration of the powder occurs which leads
to a better powder structure and solubility. A highly agglomerated powder
also improves the product’s properties of reconstitution. After the buffering
silo and the run off conveyor the powder is constantly checked for metal. This
critical control point should take place during the last possible stage before
the powder is filled into big-bags or directly in packaging units such as tins or
pouches.
It is very important to ensure that the entire procedure from the wet
mixing process until the packaging of the powder is designed in highly hygienic quality. This is important because after heat treatment a contamination
could lead to non-conform products which could do harm to infants.
Figure 1: Flow chart of powdered infant formulæ (PIF)
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Aims of this thesis

This cumulative dissertation pursues the following objectives:
Development and evaluation of Cronobacter spp. detection and identification methods.
Determination of the occurrence of Cronobacter spp. in PIF manufacturing
facilities in order to investigate persistence of specific strains and
identify possible transmission routes.
Genotyping of Cronobacter spp. isolates from infant formula processing
facilities in Switzerland in order to characterize persistent strains
and elucidate dissemination routes.
Distribution of Cronobacter spp. pulso-types from powdered infant formula,
ingredients and environment samples.
Genetic diversity of multiple Cronobacter spp. isolates from cultural positive
powdered samples – consequences for epidemiological studies in
processing plants.
Identification of Enterobacteriaceæ isolates other than Cronobacter spp.
and Salmonella, isolated from different sample types (raw material,
environment, finished products) of an infant formula processing
plant and genotyping isolates from frequently found species to elucidate and trace back transmission routes not only limited to 		
Cronobacter spp.
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Discussion

6.1

Methodology

The novel proposed screening broth for the isolation of Cronobacter spp. is
based on less selective components than the currently used modified lauryl sulphate tryptose broth (mLST according to ISO/TS 22964, Anonymous,
2006 c) and Enterobacteriaceæ enrichment broth (EE, according to FDAmethod, Anonymous, 2002) where some strains of Cronobacter spp. do not
grow well (Guillame-Gentil et al., 2005; Iversen and Forsythe, 2007; Lehner et
al., 2006). Among other experiments, 950 samples (322 PIF, 146 ingredients,
482 environmental samples) have been analysed with CSB, mLST and EE. The
comparison showed > 90 % sensitivity, > 95 % specificity and > 99 % negative
predictive value for CSB and mLST, whereas the FDA-method with EE was less
accurate (33 % sensitivity, 83 % specificity, 94 % negative predictive value). The
advantage of CSB in contrast to the current ISO/TS 22964 is a product release
within 48 hours based on negative samples. The costs and working time are
considerably reduced, as only positive broths need to be streaked onto chromogenic agars. However, the overall effectiveness of the method depends on
the sensitivity and specificity of the chromogenic agar (chapter 5.1.1).
In the last few years, various PCR based methods have been developed, namely an rpoB based PCR system to differentiate the six proposed
Cronobacter species (Stoop et al., 2009). A recent study described an additional species C. condimenti within the genus Cronobacter and a novel species
designation – C. universalis – was proposed for the former C. genomospecies 1
(Joseph et al., 2011). In this context we extended the existing rpoB based PCR
system for the new species C. condimenti (chapter 5.1.4).
More recently, several real-time PCR based systems for detection of
Cronobacter spp. have become commercially available. This improvement
provides industrial laboratories with the possibility to release product in a

Discussion

Methodology

short time and based on reliable results. Two out of three tested systems generated neither false positive nor false negative results (22 pure culture experiments and spiked samples).
In addition, one system needs only 24 h for pre-enrichment which
means another saving of time and faster release of product. The main difference of the tested platforms is the DNA extraction procedure: for one system
a previous DNA extraction was needed. This separate step requires professional lab personnel and more time. The two dedicated systems though, require pre-enriched broth as starting material. This is more convenient and
can prevent handling faults. In conclusion, there are specific and well performing real-time PCR kits available (chapter 5.1.2).
An actual literature review about different systems of detection,
identification and typing methods for Cronobacter spp. summarises the latest
methods which are commonly available and often used for detection, identification and typing of Cronobacter spp. (chapter 5.1.3).
In the future, extended experiments with different pre-enrichment
broths should be done. Weber et al. (2009) showed that stressed Enterobacteriaceæ grow poorly when background competitors (e.g. gram-positive bacteria) are present. Desiccated cells, which are often present in milk powder and
infant nutrition plants, are able to recover if specific supplements are added
to enrichment broth under adequate temperature-time conditions. Premium
powdered infant formulae which often contain probiotics such as Lactobacilli and Bifidobacteriæ need to be further investigated in order to exclude
false negative results.
In addition, further experiments concerning the sampling size
should be performed. In Regulation (EC) 2073/2005 (Anonymous, 2005) only
the sampling number is mentioned (n = number of using comprising the sample). This number has a statistical relevance for establishing the sampling plan
but has no significance for the pooling size of analytical samples. In routine
laboratories it is common to analyse Enterobacteriaceæ in composite samples
of 100g instead of 10 samples of 10g and Cronobacter spp. in samples of 300 g
instead of 30 samples of 10 g. This causes less labour, is more convenient and
needs less space for preparation and incubation. Recently, Miled et al. (2010)
described the effect of sample pooling on Cronobacter spp. growth. Bacterial
interactions, as they occur in case of pooled samples, can cover the presence
of low quantity of Cronobacter spp. and lead to false negative results. In case
of very low contamination levels, the variability of individual cells can have an
important impact on pathogen bacteria growth (Guillier and Augustin, 2006).
Only few published data about the effect of different sampling size concerning Enterobacteriaceæ and Cronobacter spp. is available. Industrial company
laboratories need simple rules how to pool and analyse their samples. The
procedure must be 100% sensitive and 100 % specific in order to avoid product
release based on false negative results. Further studies on a robust and reliable procedure for enrichment, isolation and detection of Cronobacter spp.
are ongoing.
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6.2

Epidemiology

Till the end of 2005 Enterobacteriaceæ used to be detected by quantitative
method and proof of Cronobacter spp. was not required and therefore seldom
analysed. With the introduction of Regulation (EC) 2073/2005 (Anonymous,
2005), a completely new situation for manufacturers arose: First of all, collected data was needed to identify the prevalence of those bacteria and to
gain a general overview of the whole situation. According to literature data,
the estimated prevalence has decreased during the last 20 years and seems to
stabilise at 2.0-2.5 % (Iversen and Forsythe, 2004; Iversen et al., 2008; Mullane
et al., 2007). These figures are based on commercially available PIF and do not
necessarily have to correlate with the actual situation in industrial plants. Results from raw materials, intermediates, finished products and environmental
samples had to be analysed accurately in order to find correlations between
them. Based on a reliable analytical method, which was a challenge in itself
(chapter 5.1.1), we analysed more than 1000 samples to obtain evidence where
Enterobacteriaceæ and especially Cronobacter spp. come from (chapter 5.2.1
and 5.3.1). It is important not only to identify these Enterobacteriaceæ but also
to subtype the strains in order to reveal possible routes of contamination.
Enterobacteriaceæ are ubiquitous micro-organisms which are common in powder factories. The study in chapter 5.2.1 shows a high diversity of
24 different species and 65 samples which could not be identified. Out of 470
isolates > 30 % were E. cloacae, a species which can be found in the same niches as Cronobacter spp. Compared with previous studies, we detected higher
amounts of E. cloaceae (25 % Iversen and Forsythe, 2004; 16 % Estuningsih et
al., 2006). One possible reason could be that both production sites fabricate
not only PIF but also other products such as milk powder and different blendings in which E. cloacea can occasionally be detected. In addition, Pantoea
spp. (11 %) and Klebsiella pneumoniae (8 %) were identified. Prevalence data of
theses bacteria were not available for PIF, therefore more studies are required.
For this reason we performed a PFGE-typing in order to achieve a better understanding in relation to possible cross-contaminations and dissemination
(chapter 5.2.2). A closer look at the wide variety of different clusters revealed
that different finished products containing the same pulso-type were manufactured on the same line (e.g. spray dryer, blender, packaging line). In these
cases a carryover seems likely. In other cases, possible routes of dissemination via raw material or environment could be identified. These results demonstrate that the air flow management, different types of cleaning and heat
instable raw material are potential sources of cross-contamination. Raw milk
itself contains Enterobacteriaceæ but no Cronobacter spp. were found (chapter 5.3.2). These results have been confirmed by Baumgartner and Niederhauser (2010) who tested 875 samples of raw milk. Their conclusion supports
our theory that milk is not a relevant source of Cronobacter spp. whereas milk
powder as an ingredient in PIF might be contaminated by environmental
sources and should be monitored. The discrepancy of the positive Enterobacteriaceæ results for milk concentrate between site 1 (70 %) and site 2 (10 %)
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indicates that different pasteurization procedures can have a major influence
on the microbiological status of intermediates such as milk concentrate. It
seems likely that Enterobacteriaceæ form biofilm in evaporators if the running times are too long. Lehner et al. (2005) proved the ability of Cronobacter
spp. to produce biofilm. PIF-suspensions contain protein, carbohydrates, fat
and some minor components like vitamins and minerals. These nutrient-rich
media should be further investigated in order to get a better understanding
of biofilm formation during PIF production. Temperature-time relations of
emulsion preparation, heating steps (e.g. evaporation and pasteurization) and
cleaning procedures need to be considered for better process management.
In order to study different dissemination routes of Cronobacter spp.,
950 samples have been analysed where of 153 isolates could be identified as
Cronobacter spp. (chapter 5.3.1). The largest diversity was found in raw material, but no correlation between raw material and environment could be
made. The sample analysis was performed according to ISO/TS 22964 (Anonymous, 2006 c) and parallel to CSB-method (chapter 5.1.1). Clonal types were
further examined using RAPD (Random-Amplified Polymorphic DNA) and
PFGE (Pulsed-Field Gel Electrophoresis). Whereas the RAPD tree produced 44
distinguishable groups in a quick and reliable manner, the PFGE fingerprint
patterns clustered 71 different pulso-types. The PFGE analysis provides greater discrimination between the strains than the results obtained with RAPD.
But nevertheless, even with RAPD several typical clusters were built (e.g.
plant-derived raw materials). The PFGE dendrogram shows various correlations between both raw material and finished product and between environmental samples and finished product. These facts lead to the hypothesis that
Cronobacter spp. is brought into the plant via raw material. The bacteria disseminate to finished products and later on to the environment. It seems likely
that some strains are persistent. Environmental niches that are suspected to
be a source of contamination should be examined more carefully. A steady
monitoring of several production steps (e.g. emulsion preparation, heat treatment, storage tank, internal fluid bed, external fluid bed, sieves, pipes, big bag
filling station) should be implemented. In addition, storage and handling of
raw materials should be improved. The secondary wrapping of palletised raw
material should be removed before entering the hygienic zone. Bulk products
should be conveyed into tanks using a continuously sterile air system (HEPA
filtered). The air flow management for the spray drying tower must be taken
into consideration, especially during intermittent standstills, e.g. weekends.
Epidemiological data is essential for each manufacturer. Based on
scientific information it is possible to establish an adequate HACCP system
which can guarantee food safety.
Usually, for plant epidemiological surveys one isolate of the sample
(originating from one colony forming unit on selective plate) is being used for
pulso-type analysis. The analysis of five different colony forming units from
25 samples (finished products, raw material, environmental samples) showed in
16 % different PFGE fingerprints. This observation suggests that analysis of one
isolate per sample may not be sufficient for trace back studies. The analysis of
at least five colony forming units per sample is suggested (chapter 5.3.3).
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Conclusion

The presented data reveal that Enterobacteriaceæ in general and Cronobacter
spp. in particular are not likely to disappear from PIF production plants in
the near future. Manufacturers have to put up with the situation and consequently have to take adequate measures such as:
Reduce re-contamination after the last heating step (e.g. UHT treatment):
determine possible niches where the bacteria can survive and take
measures to eliminate them, e.g. dead end pipes, thermal bridges.
Establish step controls over the whole process, e.g. rinsing water, dust,
conditioned air.
Carry out as less wet cleaning as possible in high hygienic areas. Dry 		
cleaning should be performed with vacuum cleaners equipped with
HEPA-filters.
Establish defined personal and material flow by implementing efficient gates.
Avoid visitors and external personal.
Install hygienic designed equipment.
Implement validated procedures, e.g. for start and end of production and
cleaning processes.
Evaluate appropriate temperature-time conditions during preparation of
emulsion in order to achieve a sufficient pasteurization effect and
to avoid biofilm.
Establish appropriate air flow management.
It is important to mention that only the sum of implemented measure-ments
(equipments, personal and material flows, environment, process media,
process procedures, analytics) lead to successful finished products. This work
has to be done in a multi disciplinary team.
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Scientific support is needed to answer the following questions:
How does the sampling size influence the growth of bacteria during pre-		
enrichment and enrichment procedure? The maximum pool size
has to be defined for each germ in order to generate no false 		
negative results.
What is the ideal media to resuscitate stressed (e.g. desiccated) cells? 		
The possibility of a pre-enrichment broth for several gram-negative
bacteria should be evaluated.
My work containing the mentioned publications represents only a puzzlepiece in the field of research into Enterobacteriaceæ and Cronobacter spp.
Further studies focussing on more epidemiological aspects are of great scientific importance. Epidemiologic data combined with adequate analytical
techniques is needed for manufacturers to produce safe PIF. A close collaboration between industry and science can prevent infections in newborns.
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Summary

Due to technical reasons, milk powder and powdered infant formulae (PIF)
are not sterile products. In order to achieve the requirements set by the Swiss
and European regulations for microbiologic criteria extensive epidemiological studies are needed on each individual plant level. In this way contamination routes can be identified and appropriate measurements taken. A legally
reglemented pasteurization process eliminates Enterobacteriaceæ. Therefore
recontamination must now be focussed on. PIF contaminated with Cronobacter spp. can lead to severe infections in neonates such a sepsis, meningitis
or necrotizing enterocolitis. The reported prevalence of commercially available PIF appears to be gradually decreasing from estimates of 14 % in 1988 to
2.0-2.5 %, where it now seems to have become stabilized.
In order to make a reasonable estimate concerning the prevalence of
Cronobacter spp. on an individual plant level, 950 samples (raw material, finished products, environmental samples) were analysed. The high prevalence
of 16 % comes from the intentional sampling of critical raw material and environment samples. The PFGE analysis, however, did not reveal any correlation
between raw material and environmental samples which would indicate a
possible contamination via finished products. 470 PIF Enterobacteriaceæ isolates were identified through biochemical tests as well as by rpoB sequencing.
E. cloacae (35 %), Pantoea spp. (11 %) and K. pneumoniæ (8 %) were the most
prevalent genus and species. In order to reveal possible contamination routes,
a subtyping was conducted. The species E. cloacæ, which can be found in the
same niches as Cronobacter spp., could be used as a significant hygienic indicator organism. To complete the epidemiological picture, 363 milk based
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samples were analysed (raw milk, milk concentrate, milk powder). Raw milk
contains Enterobacteriaceæ but no Cronobacter spp. were detected. However,
12/172 samples of milk powder contained Cronobacter spp. due to re-contamination (during the packaging process and/or further processing steps).
In order to increase the sensitivity and specificity of today’s available
analysis for the detection of Cronobacter spp. methodological improvements
had to be undertaken. The currently used enrichment media (mLST, EE) contain components of too selective nature which can therefore lead to false
negative results. The new “Cronobacter Screening Broth” (CSB) contains sucrose, bromocresol purple and vancomycin hydrochloride which now leads
to a sensitivity of 100 % and a negative predicting value of 100 % as well. The
change in colour of the broth indicates a presumptively positive result whereby only these samples need to be streaked onto chromogenic agar. The visual
intermediate result leads to a reduction in costs and working time.
In order to increase specificity as well as the commercial pressure of
fast product release, a PCR-based system where positive and negative results
are clearly available in short time is recommended. Several real-time PCR
based systems for detection of Cronobacter spp. have become commercially
available. Two systems (one open platform (Biotecon Diagnostics, Potsdam,
Germany) and one dedicated system (BioControl, Bellvue, USA)) generated
neither false positive nor false negative results. Both systems were able to detect 9 target and 13 non-target strains. The dedicated system has the advantage of shorter hands-on and analysis time. In addition, contaminations due
to handling faults are reduced.
The existing rpoB based Cronobacter species PCR was upgraded for
the recently described species C. condimenti which can now be detected with
high reliability.
Additional epidemiological data is needed in order to monitor the
microbiological situation in industrial plants constantly as well as consequently. Based on information on individual plant level it is possible to implement adequate measurements such as HEPA filters, exact time for adding heat labile ingredients, personal and material flow, air management and
cleaning (type, time). Scientific support is needed concerning adequate analytical methods, formation of biofilm, desiccation data, types of enrichment
media, sample size as well as additional epidemiological data.
Our recent study concerning genetic diversity showed that different Cronobacter isolates from one sample can contain different PFGE fingerprints. This observation suggests that analysis of one isolate per sample may
not be sufficient for trace back studies. The analysis of at least five colony
forming units per sample is suggested. This example shows that through a
close collaboration between industrial companies and scientific institutes,
knowledge can be actively turned into practice. – This helps prevent pre-term
babies and newborns from falling ill to Cronobacter spp.
Key words: Enterobacteriaceæ, Cronobacter spp., epidemiology,
prevalence, PCR, PFGE, powdered infant formulæ, industrial production plant
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Zusammenfassung

Bedingt durch den Produktionsprozess, handelt es sich sowohl bei Milchpulver wie auch bei pulverförmiger Säuglingsnahrung nicht um sterile Produkte.
Um die Anforderungen der Hygieneverordnungen der Schweiz und der EU
zu erfüllen, sind umfassende betriebsepidemiologische Studien notwendig. Dadurch können Kontaminationswege aufgezeigt und die notwendigen
Massnahmen ergriffen werden. Da Enterobacteriaceæ durch die gesetzlich reglementierten Pasteurisationsbedingungen abgetötet werden, liegt der Fokus
vor allem bei der Rekontamination. Gelangen Cronobacter spp. in pulverförmige Säuglings-nahrung, können sie bei Neugeborenen Sepsis, Meningitis
oder necrotisierende Enterocolitis auslösen. Die Prävalenz in pulverförmiger
Säuglingsanfangsnahrung lag 1988 bei geschätzten 14 % und sank kontinuierlich auf 2.0-2.5 %, wo sie sich nun zu stabilisieren scheint.
Um auf Ebene des Produktionsbetriebes Aussagen über die aktuelle Prävalenz machen zu können, wurden insgesamt 950 Proben (Rohstoffe,
Endprodukte, Umfeld) auf Cronobacter spp. analysiert. Die Prävalenz lag mit
16 % sehr hoch, dies ist durch den bewussten Musterzug von kritischen Rohstoffen und Umfeldproben zu erklären. Die PFGE-Analyse zeigte keine Korrelation zwischen Rohstoff- und Umfeldproben, was auf eine Kontamination
via Endprodukt hindeutet. 470 pulverförmige Enterobacteriaceæ-Isolate wurden mittels biochemischer Tests und rpoB Sequenzierung näher identifiziert.

Zusammenfassung

E. cloacæ (35 %), Pantoea spp. (11 %) und K. pneumoniæ (8 %) waren die am
häufigsten nachgewiesenen Genus und Spezies. Die identifizierten Stämme
wurden genotypisiert, um mögliche Kontaminationswege in den Betriebsstätten aufzuzeigen. Die Spezies E. cloacæ, die in denselben Nischen wie
Cronobacter spp. nachgewiesen wurde, könnte künftig als aussagekräftiger
Indikatororganismus dienen. Um das epidemiologische Bild zu vervollständigen, wurden neben pulverförmigen Ingredienzien für Säuglingsnahrung auch 363 milchbasierte Proben analysiert, es handelte sich dabei um
Rohmilch, Milch-konzentrat und Milchpulver. Die Untersuchung zeigte, dass
Rohmilch Enterobacteriaceæ, allerdings keine Cronobacter spp. enthält, wohingegen 12/172 Milchpulverisolate auf Grund von Rekontaminationen während des Verpackungs- und Weiterverarbeitungsprozesses mit Cronobacter
spp. belastet waren.
Um sowohl die Sensitivität wie auch die Spezifität der heute für Cronobacter spp. angewendeten Analytik zu erhöhen, bedurfte es methodischer
Anpassungen. Die bisherigen Anreicherungsmedien für Cronobacter spp.
(mLST, EE) können auf Grund ihrer selektiven Ingredienzien zu falsch negativen Resultaten führen. Durch die Supplementierung von Saccharose, Vancomycin und Bromocresol Purple wurde mit der neu entwickelten „Cronobacter
Screening Broth“ (CSB) eine Sensitivität von 100% und ein negativer Voraussagewert (NPV) von 100 % erreicht. Die Bouillon zeigt einen Farbumschlag
bei Verdacht auf Cronobacter spp., so dass nur umgeschlagene Proben weiter
analysiert werden müssen. Das optisch sichtbare Zwischenresultat bedeutet
eine Zeit- und Kostenersparnis.
Um die Spezifität zu erhöhen, ist die Anwendung von PCR-basierten Methoden zu empfehlen. Der Vorteil der Verfügbarkeit von eindeutigen
Resultaten ist vor allem in Industriebetrieben mit kurzen Quarantänezeiten
massgebend. Zur Zeit sind auf dem Markt mehrere kommerziell erhältliche
real-time PCR-Systeme verfügbar, wovon je ein offenes System (Biotecon Diagnostics, Potsdam, Deutschland) und ein geschlossenes System (BioControl,
Bellvue, USA) empfehlenswert sind. Mit beiden Systemen liessen sich 9 target
und 13 non-target-Stämme detektieren. Das geschlossene System bietet zusätzlich den Vorteil von wesentlich kürzeren Vorbereitungs- und Analysenzeiten und geringeren Kontaminationsgefahren.
Für die neulich beschriebene Spezies C. condimenti wurde die existierende rpoB basierenden Spezies-PCR erweitert, so dass C. condimenti neu
ebenfalls zuverlässig nachgewiesen werden kann.
Um die mikrobiologische Situation in Industriebetrieben gezielt und
konsequent zu überwachen, sind weitere betriebsepidemiologische Daten
notwendig. Auf Grund der Informationen auf Betriebsebene können effiziente Massnahmen, wie der Einsatz von HEPA-Filtern, rezepturielle Überlegungen betreffend Trockenzudosierung, Personal- und Warenflusskonzept, Luftmanagement und Reinigungen (Art, Zeit) definiert und umgesetzt werden.
Die wissenschaftliche Unterstützung betreffend adäquater analytischer Methoden, Biofilmbildung, Trockenresistenz, Medienwahl, Mustergrösse und weiterer betriebsepidemiologischer Informationen ist sinnvoll
und notwendig.
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Eine Studie über die genetische Diversität verschiedener Cronobacter
Isolate hat gezeigt, dass in einer Probe verschiedene PFGE-Fingerprints vorkommen können. Um gesicherte epidemiologische Aussagen auf Ebene des
Betriebes machen zu können, bedingt dies die Typisierung von mindestens
fünf koloniebildenden Einheiten. Dieses Beispiel zeigt, dass durch eine enge
Zusammenarbeit zwischen Industrie und Forschung das Wissen aktiv in die
Praxis umgesetzt werden kann – dies hilft zu verhindern, dass Früh- und Neugeborene an Cronobacter spp. erkranken.
Schlüsselwörter: Enterobacteriaceæ, Cronobacter spp., Betriebsepidemiologie, Prävalenz, PCR, PFGE, Säuglingsnahrung, Industriebetrieb
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