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Abstract

In this study, we report on the epidemiologic investigation in a Swiss 
powdered infant formula production facility after a batch of Powdered Infant 
Formula (PIF) was found to be contaminated with Cronobacter (C.) sakazakii 
during a routine testing of packed products of a Swiss PIF brand ready for 
distribution. Epidemiological investigation on isolates originating from PIF 
batches from the production unit by macro restriction typing quickly (PFGE) 
identified an isolate showing a pattern identical to the ones originating from the 
packed product, suggesting this strain being the source of contamination. To 
obtain an overview on the heterogeneity of strains isolated within this production 
unit 105 C. sakazakii isolates, which were routinely collected between August 
2015 and September 2016, were characterized by PFGE and serotyping. In 
addition, Multilocus Sequence Typing (MLST) was performed on 11 selected 
isolates. Macro restriction analysis revealed the presence of two main clusters 
(C1,C2) containing multiple isolates from various sources and time points with 
the oldest isolates dating back to October and August 2015 respectively.

Of interest, within both clusters isolates were identified showing identical 
PFGE patterns but different serotypes. Moreover, MLST analysis on selected 
isolates revealed that isolates showing identical PFGE types may exhibit different 
MLSTs and/or serotypes. Our data suggest that application of one of the latter 
two typing methods bears the risk that strains may incorrectly be considered 
“epidemiologically unrelated”. Based on these results the application of PFGE 
using the primary (and the secondary) restriction enzyme is recommended for 
trace back studies.
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and dry environments [8,9]. The genus comprises seven species-C. 
sakazakii, C. malonaticus, C. turicensis C. universalis, C. condimenti, 
C. muytjensii and C. dublinensis - all of which, except C. condimenti, 
have been reported to cause infections in humans [10,11]. C. sakazakii 
is by far the most frequently isolated species from patients as well as 
from PIF products and production environments [12,13].

The presence of these organisms in infant formula products 
represents a challenge for the PIF producing industry. Thus, the 
specific and accurate identification of the members of the pathogenic 
genus Cronobacter spp. and its discrimination from closely related, 
non-pathogenic organisms which may be present in the same 
habitat (products, environment) is critical. Inclusion of molecular 
identification methods into the cultural detection and identification 
procedure significantly improved the measures for the control of these 
organisms [14-17]. The risk posed by contaminated infant formula 
for consumption by neonates raises the question on the identification 
of the possible origin/routes of dissemination/transmission of these 
organisms into/within the infant formula processing environment 
and/or final products. Two possible routes have been described 
for dissemination of Cronobacter spp. into production lines and 
recontamination of pasteurized products. Organisms may either be 
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Introduction
Cronobacter (C.) spp. are opportunistic foodborne pathogens that 

are gaining attention for their ability to cause Infections including 
meningitis, septicemia, necrotizing enterocolitis and pneumonia in 
neonates (infants of 28 days or younger) and premature babies but 
has also been known to cause disease in adults, most notably in elderly 
and immuno-compromised individuals [1-6]. Infections in infants 
have been epidemiologically linked to consumption of intrinsically-
and extrinsically-contaminated batches of temperature-abused and 
reconstituted Powdered Infant Formula (PIF) [7].

Cronobacter can survive under extreme desiccation (high osmotic 
stress) conditions and it is thought that this property contributes to 
its persistence in powdered infant formula factories, dried products 
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attached to dust or to dry heat labile supplement ingredients [18-20].

Within the current study we report on the epidemiological 
investigation on C. sakazakii strains isolated from a PIF production 
facility after a batch of final products ready for distribution was found 
to be contaminated. Three different typing methods were applied in 
order to elucidate the source of contamination and to answer the 
question on the dissemination and persistence of strains within the 
production unit over a time period of 14 months. The study revealed 
that serotyping but also MLST is only of limited use and that PFGE 
using two different enzymes may be still the method of choice for 
epidemiological trace back studies within a plant and/or along the 
production process.

Materials and Methods
Strains

In June 2016, four presumptive Cronobacter spp. isolates (three 
from packed products, one out of vacuum cleaner bag) were identified 
after routine control of a packed product of PIF in the distribution 
unit of a Swiss PIF brand by a private laboratory. The bacteria, 
streaked on ESIA (Oxoid) [21] plates and showing the typical blue/
green colour were forwarded to the Institute for Food Safety and 
Hygiene for further investigation.

For trace back studies, cryo-preserved presumptive Cronobacter 
spp. isolates, collected in the production facility where the PIF batch 
in question was manufactured were included in the study. These 
isolates originated from the hygienic monitoring program performed 
in this facility between August 2015 and September 2016. The strain 
collection comprised isolates from production environment (walls, 
floors, vacuum cleaners, filters and drains) and finished products 
(powdered infant formula (stage 1), follow on formula (stage 2), 
growing up formula (stage 3)).

Genus and species identification
Strains from ESIA plates and cryo-preserved strains were 

streaked on blood agar plates and incubated for 24 h at 37 °C and 
colony material was used for further analysis. Isolates were genus and 

species identified by PCR according to the methods by Lehner, et al. 
[15], Stoop, et al. [16] and Lehner, et al. [17] respectively on bacterial 
lysates [13].

PFGE
PFGE analyses was carried out on all C. sakazakii isolates 

identified in this study (n=105) following the method described by 
Iversen, et al. [19]. The DNA of strains was digested with XbaI or 
SpeI and separated on a CHEF-DR III sytem (Bio-Rad) using the 
parameters described by Iversen, et al. [19] and Muller, et al. [13]. 
Macro-restriction patterns were photographed under UV light 
using a CCD photography system (Bio-RAD, Hercules, CA) from 
which Tagged Image (TIFF) files were imported into Gel Compar II 
software version 5.1 (Applied-Maths, Sint-Martens-Latem, Belgium). 
Dendrogram calculation and cluster analysis of the PFGE patterns 
was accomplished using the Jaccard index and the Unweighted Pair 
Group Method with Arithmetic mean (UPGMA). Optimization 
and band position tolerance of 3% were chosen. The relatedness of 
patterns was compared at 95% similarity.

Serotyping PCR
The PCR-based O-antigen serotyping scheme proposed by Sun, 

et al. [22] was applied to type C. sakazakii isolates as described 
previously [13].

MLST
Multi locus sequence typing was used as a molecular technique 

to further characterize selected C. sakazakii (n=11) following 
the protocol described by Joseph, et al. [12]. The strains included 
represented isolates from clusters containing multiple clonal 
pulso-types. Sequencing was outsourced (Microsynth, Balgach 
and Switzerland). Sequence types were determined by using the 
Cronobacter MLST website (http://pubmlst.org/cronobacter/) [23].

Results and Discussion
In June 2016, we received 3 samples with bacteria grown on 

Cronobacter selective (ESIA) plates which were isolated out of 
a batch of powdered infant formula during a routing testing for 

Figure 1A: Results on the 4 C. sakazakii isolates obtained from final products and the environment in the packaging unit. Combined results on: PFGE (XbaI), 
patterns sampling codes, sampling date, sampling source, serotype and MLST.

Figure 1B: Same isolates as A but including an isolate from a contaminated batch of PIF products obtained from the production unit and most probably being 
responsible for the contamination of the final product. Combined results on: PFGE (XbaI), patterns sampling codes, sampling date, sampling source, serotype and 
MLST.
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C1
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Figure 2: Results on all 105 C. sakazakii isolates included in the study. Dendrogram, PFGE (XbaI) patterns sampling codes, sampling date, sampling source, 
serotype and MLST. Cluster C1 and C2 are marked. The line drawn marks the 95% pattern similarity cut-off.
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contaminations of packed products ready for distribution. The 
isolates were confirmed as C. sakazakii and PFGE typing using the 
primary enzyme XbaI revealed that the patterns of these isolates 
were undistinguishable. A fourth isolate which was obtained out of 
a vacuum cleaner bag used in the packaging unit of the distribution 
facility was sent to our laboratory a few weeks later and was also 
confirmed as C. sakazakii. However, the PFGE pattern was different 
from the ones obtained from the products. The results on this analysis 
are given in (Figure 1A).

In order to elucidate the contamination source isolates originating 
from several lots of PIF that were manufactured in the respective 
production unit within the questionable time period were analysed and 
confirmed C. sakazakii isolates were typed by PFGE. By this we were 
able to identify one isolate (HOSU_AS16_86) out of a batch showing 
an identical pulso-type to the ones from the isolates identified from 
the final product, thus strongly suggesting that the contamination 
most probably arose at some point during the production of the 
respective PIF batch (Figure 1B). In order to obtain an overview on 
the heterogeneity of strains isolated within this production unit over 
a longer period of time it was decided to perform a survey on isolates 
obtained from various sources (products and environmental samples) 
during a period of 14 months. Presumptive isolates (on ESIA) that 
had been collected between August 2015 and September 2016 during 
the routine hygiene monitoring implemented in this production 
unit were analysed and confirmed C. sakazakii isolates were further 
subtyped by PFGE and serotyping. Of 106 Cronobacter spp. isolates 
105 were identified as C. sakazakii and one as C. malonaticus. Thus 
C. sakazakii was the most common species identified in this study 
(99%). This is in concordance to previous studies [13,19,20]. The C. 
sakazakii isolates were subjected to PFGE analysis using the primary 
enzyme XbaI and these clustered to form 28 distinguishable pulso-
types at a cut off value of 95% pattern similarity. The pulso-types of 
the isolates and their relationship between the sampling sources and 
the sampling dates are depicted in (Figure 2). Amongst several smaller 
clusters (containing 1-6 isolates) two dominant clusters (cluster 1 
(C1), cluster 2 (C2)) both containing 31 isolates the pulso-types of 
which were undistinguishable from each other were determined. 

Moreover, the pulso-type of the isolates observed in C1 was identical 
to the one identified in the contaminated PIF sample from the 
packed product in the packaging/distribution facility (Figures 1A,1B 
and Figure 2). For both clusters, clonal isolates included samples 
from different time points and sampling sources (products and 
environmental samples). Most striking, the oldest isolates, both of 
a products, dated back to October (HOSU_AS16_102) and August 
2015 (HOSU_AS16_94) suggesting a selection for two persistent 
strains within this production unit. Serotping was performed for all 
strains and these results are also included in (Figure 2). Interestingly, 
it was observed that isolates exhibiting undistinguishable pulso-
types may be of different serotype (Figure 1B). This applied e.g. for 
the isolates HOSU_AS16_103=O2, HOSU_AS16_104=O2, HOSU_
AS16_105=O2, HOSU_AS16_102=O2 and HOSU_AS16_86=O7. 
In order to shed light on this finding, MLST was applied on these 
strains. Surprisingly, MLST data were not consistent among isolates 
from this cluster either. Isolate HOSU_AS16_102 showed to be ST 
4, clonal complex 4 whereas the other 3 isolates were ST 83 clonal 
complex 65 (Figure 3A). To substantiate this finding, we decided to 
perform MLST analysis also on 5 randomly selected isolates (HOSU_
AS16_47, HOSU_AS16_50, HOSU_AS16_81 HOSU_AS16_84, and 
HOSU_AS16_94) from pulso-type cluster 2. The results, shown in 
(Figure 3C), supported the previous finding. The MLST typing results 
suggested that isolates showing undistinguishable pulso-types may 
indeed be different from each other. In practice, in epidemiological 
investigations using PFGE typing it is suggested to PFGE type isolates 
showing identical patterns obtained with the primary restriction 
enzyme with a second enzyme e. g. SpeI. Thus, two sets of isolates 
from the two main clusters were subjected to PFGE typing using 
SpeI. The results are shown in (Figures 3B and 3D). In the case of the 
isolates from cluster 1 the PFGE profiles remained undistinguishable 
(Figure 3B) after application of the second restriction enzyme. 
Interestingly, after this analysis one of the isolates of the cluster 2 
subset of isolates (HOSU_AS_84S) indeed exhibited a minor change 
in the pattern (Figure 3D). This pattern change was not seen in isolate 
HOSU_AS16_81S, which also exhibits ST 4. However, the minor (2 
bands) change observed in the pattern of HOSU_AS_84S would not 
change the overall judgement on the “epidemiological relatedness” of 

Figure 3A: Combined results on the C. sakazakii isolates out of final product (packaging unit), the respective isolate from the production unit and the “oldest” isolate 
identified in pulsotype cluster 1. PFGE; (XbaI) patterns sampling codes, sampling date, sampling source, serotype and MLST.

Figure 3B: Same strains as 3 A. PFGE patterns obtained with restriction enzyme SpeI.
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the investigated strains (Figure 3D) [24]. PFGE is a well established 
mean of profiling bacterial strains for epidemiological purposes and 
it has been shown that PFGE may distinguish between strains within 
the same sequence type [25]. This is also the case in our study e.g. for 
HOSU_AS16_102, HOSU_AS16_81 and HOSU_AS16_84 which are 
of ST 4 but show distinctive pulsotypes. However, we also observed 
the opposite, namely isolates of undistinguishable pulsotype which 
exhibited different sequence types (Figures 3A and 3C). Interestingly, 
such data can also be found in the recent study by Fei, et al. [25]. 
However, this finding was not further discussed by the authors but 
instead ‘‘a stepwise analysis by MLST followed by PFGE may be 
suitable for comprehensive profiling of Cronobacter isolates’’ was 
suggested in this study.

One explanation for the discrepancies observed between the two 
typing results may lay in the fact that MLST was originally developed 
to obtain information on the phylogenetic relationship among strains 
while PFGE aims to answer the question on whether strains are 
“epidemiologically related” [24].

Thus, for source tracking purposes the application of PFGE is still 
recommended as the method of choice which will help to identify 
contamination routes and/or the nature of persisting strains which 
may help to limit the risk for contaminations in products.
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