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A B S T R A C T   

The use of Whole genome sequencing (WGS) identified a multi-country outbreak of human listeriosis associated 
with consumption of frozen sweet corn produced in Hungary. The purpose of this report was to summarise in-
formation on the cases occurring in the UK which were part of this outbreak and outline investigations on the 
presence of Listeria monocytogenes in the affected food chain. Prior to the international recall of this product in 
2018, 12 UK cases of listeriosis were identified as infected by the outbreak strain between 2015 and 18. 
Epidemiological and microbiological investigations confirmed these cases as belonging to the outbreak. A further 
case occurred in 2019 and a contaminated frozen pack from one of the implicated batches of sweet corn was 
recovered from the patient’s domestic freezer. The outbreak strain was also detected in products from a sandwich 
manufacturer in 2018 which added frozen sweet corn directly to sandwich fillings. The sandwich manufacturer’s 
sweet corn was supplied by a distributor in England which obtained frozen products from the Hungarian 
manufacturer implicated in the outbreak. Within the distributor’s premises, 208 food and environmental samples 
were taken: L. monocytogenes was detected in 44% of 70 samples of frozen sweet corn and 5% of 79 other foods. 
The outbreak strain was detected in the frozen sweet corn, in one other frozen food (mixed vegetables) and in the 
factory environment. The outbreak strain was also recovered from frozen beans on retail sale in the first four 
months of 2019. Five other L. monocytogenes strains together with two other Listeria species were detected in 
samples from the importer’s premises. One of the L. monocytogenes strains in the importer’s factory, which was 
distinct from the outbreak strain, was also recovered from sweet corn collected from the sandwich manufacturer, 
sweet corn tested in England in 2013 and 2016 and the blood of two cases of human listeriosis which occurred in 
England in 2014. This report shows how analysis by WGS provides evidence to understand complex food chains. 
This report also highlights risks for transmission of human listeriosis from frozen sweet corn and the potential for 
misuse of this food as a ready-to-eat product.   

1. Introduction 

Listeriosis is predominantly a foodborne illness caused by the bac-
terium Listeria monocytogenes. The disease causes a severe systemic 
infection most often affecting those over 60 years of age, the immuno-
compromised as well as pregnant women with her unborn or new born 
infant (Farber and Peterkin, 1991). Listeriosis is the most severe 

foodborne infection reported in the European Union in terms of death 
and hospitalisation (EFSA and ECDC, 2018). Contamination of foods 
associated with listeriosis can be at primary production, or more 
frequently, from food production environments where the bacterium 
colonises harbourage sites for years and even decades (Ferreira et al., 
2014). Following consumption of contaminated food, cases occur both 
sporadically or as part of outbreaks (McLauchlin et al., 2020a). The 
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disease has a low attack rate and a variable (1 to 90 day) incubation 
period (Goulet et al., 2013; Linnan et al., 1988). Because of national and 
international food distribution chains, cases in outbreaks related by 
common food exposures can be both temporally and geographically 
widely distributed and specific foods are, at best, only identified in 10% 
of the cases (McLauchlin et al., 2020a). 

The annual totals of human listeriosis reported in the UK varied 
between 192 and 160 cases per year between 2013 and 2017 (0.24–0.3 
cases per 100,000 population; EFSA and ECDC, 2018). Public Health 
England (PHE) coordinates surveillance of listeriosis in England and 
Wales: case ascertainment is by the mandatory reporting under the 
Health Protection (Notification) Regulations 2010 of laboratory- 
diagnosed cases from clinical microbiology laboratories via an elec-
tronic system. Brief clinical details of each case are collected by hospital 
staff using a structured questionnaire (Public Health England, 2018a). 
Food preference questionnaires are administered to patients (or an im-
mediate family member if the patient cannot complete the questionnaire 
because of age, morbidity or mortality) about food exposures up to 3 
weeks prior to onset of illness (Public Health England, 2018b). Volun-
tary submission of L. monocytogenes cultures from clinical cases are made 
to the PHE national reference laboratory (Gastrointestinal Bacteria 
Reference Unit, GBRU). Epidemiological and microbiological data are 
combined, de-duplicated, and stored in a bespoke electronic database. 
PHE also performs testing of food, water and environmental samples in 
England for the presence of Listeria through the Food Water and Envi-
ronmental Microbiology Service (FW&E). 

In December 2015, whole genome sequencing (WGS) was introduced 
by PHE as a routine service for characterisation of all referred isolates of 
L. monocytogenes for public health purposes in England and Wales with 
selected isolates analysed prior to this time. Data originating from 
epidemiological, clinical, and food/environmental investigations are 
combined with the results from WGS to enable detection of associations 
and elucidate sources of contamination. 

In October 2017, routine surveillance identified a cluster of four 
listeriosis cases infected by the same L. monocytogenes strain which 
occurred between 2015 and 2017 in England and Scotland. In November 
2017, public health colleagues in Finland released an alert of two clus-
ters of listeriosis cases together with associated isolate sequences. The 
sequences of isolates from one of the outbreaks were shown to be 
indistinguishable to the four UK cases previously mentioned. These 
observations contributed to detection of an outbreak of listeriosis 
occurring from at least 2015 to 2018 which involved 53 cases and ten 
deaths across six European countries (EFSA, 2018b,c, 2020). The source 
of the outbreak was traced to consumption of frozen sweet corn that was 
contaminated at the point of production in Hungary. The use of WGS 
identified the outbreak strain in multiple frozen food samples and sur-
face swabs from a single plant in Hungary where vegetables were pro-
cessed and frozen. The food chain associated with this producer was 
complex, and there was an international recall of products from this 
plant in the summer of 2018 (EFSA, 2018b). In the UK in July 2018, the 
Food Standards Agency and Public Health England (PHE) issued pre-
cautionary advice on cooking frozen vegetables before eating (FSA, 
2018a; PHE, 2018c). Furthermore, the company distributing products 
from the Hungarian factory in the UK carried out precautionary recalls 
of frozen vegetables in July 2018 (FSA, 2018b). 

The purpose of this report was to summarise information on the cases 
of listeriosis occurring in the UK which were identified as associated 
with this outbreak, outline investigations on the presence of 
L. monocytogenes in the affected food chain and discuss controls. 

2. Materials and methods 

2.1. Case definition 

A case of listeriosis was defined as a person with an illness clinically 
compatible and a diagnosis of listeriosis by the isolation of 

L. monocytogenes, usually from a normally sterile anatomical site. 
A confirmed outbreak case was previously defined (EFSA, 2018b) 

and the outbreak strain was a L. monocytogenes serogroup 4, clonal 
complex (CC) 6 and sequence type (ST) 6. Sequence data was compared 
to isolates from cases outside the UK and involved with the outbreak of 
listeriosis (EFSA, 2018b,c, 2020) and shown to be a monophyletic group. 

2.2. Food and environmental sample collection 

Food and environmental surface samples were collected by sampling 
officers, usually of at least 100 g of food or sponge swab (3M Health 
Care, St Paul, USA) and transported in accordance with the Food Stan-
dards Agency Food Law Code of Practice (Food Standards Agency, 
2017). Environmental swabs were taken from defined areas to be 
representative of specific factory sites (e.g. hoppers, wheels, sinks, food 
contact surfaces) and therefore were of variable surface areas. Micro-
biological examination was performed in PHE Official Control Labora-
tories in England (located in either London, Porton or York). A 10− 1 

homogenate of each food sample was prepared in Buffered Peptone 
Water (Thermo Scientific, Oxoid Microbiological Products, Basingstoke, 
UK), according to ISO 6887-1:2017 (International Organisation for 
Standardisation, 2017a), which was used to enumerate Listeria species 
(including L. monocytogenes) (based on ISO 11290-2:1998/Amendment 
1:2004 but with the variation that 0.5 ml of sample homogenate was 
inoculated onto single agar plates of Oxford and OCLA agars (Thermo 
Scientific, Oxoid Microbiological Products, Basingstoke, UK); Interna-
tional Organisation for Standardisation, 2017b). A 25 g portion of each 
sample was also tested for the presence of Listeria species using an 
enrichment procedure (ISO 11290-1:1996/Amendment 1:2004; Inter-
national Organisation for Standardisation, 2017c). Sponge swabs were 
immersed in 100 ml of half-strength Fraser broth (Thermo Scientific, 
Oxoid Microbiological Products, Basingstoke, UK) and tested similarly 
to that above (International Organisation for Standardisation, 2017c). 
Selective agar plates (Oxford and OCLA agars) described above were 
used for both the swab and enrichment broths. Identification of Listeria 
isolates was performed in each of the individual laboratories as outlined 
in the standard methods above including the use of API Listeria (Bio-
merieux, Basingstoke, UK) or Listeria ID (Neogen, Heywood, UK) iden-
tification kits. 

2.3. Characterisation of Listeria monocytogenes isolates by WGS 

Cultures of L. monocytogenes were sent to the PHE Gastrointestinal 
Bacteria Reference Unit (GBRU) for confirmation and further typing: all 
L. monocytogenes were subjected to WGS (Dallman et al., 2018; Elson 
et al., 2019; Nastasijevic et al., 2017). DNA from purified cultures of 
L. monocytogenes was obtained by automated extraction (QIAsymphony 
DSP DNA Kit) according to manufacturer instructions (Qiagen, Man-
chester, England). Genomic DNA was sequenced by the PHE Genomics 
Development and Services Unit: sample preparation was using the 
NexteraXT (Illumina Inc., San Diego, USA) and sequenced using Illu-
mina HiSeq 2500 platform with 2x100bp reads (Illumina Inc., San 
Diego, USA). Short reads were quality trimmed using Trimmomatic 
removing the sequence adaptor (Bolger et al., 2014). L. monocytogenes 
identification was confirmed using kmer analysis (Painset et al., 2019) 
and four serotypes (1/2a, 1/2b, 1/2c, and 4) were derived from the WGS 
by alignment to four specific marker genes (lmo0737, ORF2110, 
lmo1118, and ORF2819; Doumith et al., 2004) using Bowtie2 (Lang-
mead and Salzberg, 2012). Clonal complexes (CCs) were derived from 
WGS analysis: CCs were assigned using MOST (Tewolde et al., 2016) in 
accordance with the designation of the Institut Pasteur international 
MLST database for L. monocytogenes (http://bigsdb.pasteur.fr/list 
eria/listeria.html). A core single nucleotide polymorphism (SNP) 
alignment for each clonal complex was generated using SnapperDB 
(Dallman et al., 2018), recombination removed using Gubbins 
(Croucher et al., 2015) and a seven-threshold SNP sequencing address 
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generated (Dallman et al., 2018). Pairwise comparisons of SNP distances 
were performed between cultures: L. monocytogenes linked within a 5 
SNP single linkage cluster were considered to be part of the same point 
source with each culture having ≤5 SNPs difference with at least one 
other culture within that same cluster as described previously (McLau-
chlin et al., 2020b). A Maximum-likelihood phylogeny was derived for 
each clonal complex using RAxML v8.2.8 (Stamatakis, 2014) under the 
GTRCAT model to confirm the 5-SNP clustering were monophyletic. 

2.4. Data analysis 

WGS data derived from testing L. monocytogenes cultures from cases 
are added to the case register, which is compared to data derived from 
cultures recovered from other cases, foods or the environment. Data is 
maintained in a PHE curated database named the Gastro-data Ware-
house (GDW). At the time of completing this analysis (July 2020), GDW 
contained over 5200 sequences derived from L. monocytogenes cultured 
from clinical cases of listeriosis, food and the environment, which were 
recovered in the UK between 2009 and 2020. Sequence reference 
numbers from the cultures described in this study are deposited to the 
European Nucleotide Archive (https://www.ebi.ac.uk/ena; BioProject 
PRJNA475189). Sequence reference numbers appear in supporting data 
(publisher please provide url). Sequences were also compared in the 
same way as described above to those in NCBI sequence database in 
February 2020 (https://www.ncbi.nlm.nih.gov/pathogens/). 

Data was extracted from the GDW onto Excel spreadsheets and 
combined with metadata associated with the food and environmental 
isolates. 

3. Results 

3.1. Cases associated with the outbreak and food exposures 

Analysis of the national database identified 12 cases of listeriosis 
which occurred between December 2015 and July 2018 where the 
outbreak strain was recovered from clinical specimens: L. monocytogenes 
was recovered from blood in ten cases and cerebrospinal fluid (CSF) 
from the remaining two patients. The patients’ ages were available for 
11 of the cases and ranged from 1 to 86 years old (mean 58 years): apart 
from the one patient aged one year and one aged 22 years, all other 
patients were 58 years or older. Eight of the patients were male and four 
were female: there were no pregnant women or unborn/newly delivered 
infants. Nine of the cases resided in England (four in the North East, one 
in the North West, two in the Midlands and two in London) and three 
were in Scotland. One case occurred in 2015, two each in 2016 and 
2017, and seven in 2018. Two of the cases died. 

Information on consumption of sweet corn was not available for four 
of the five cases in 2015 to 2017. For the remaining eight cases, five 
reported consumption of frozen vegetables including sweet corn, four 
ate fresh mixed vegetables containing sweet corn, and two reported 
eating canned sweet corn. Information on specific food preparation 
methods using sweet corn was not available except for the one year old 
child who consumed frozen sweet corn puréed with other vegetables: 
food remnants were available from the domestic environment of this 
child and the outbreak strain was recovered from 20 g of this food by 
enrichment only (<10 cfu/g). 

In February 2019, the outbreak strain was recovered from the CSF of 
a 58-year-old male patient in London. The outbreak strain was also 
recovered from an opened pack of frozen sweet corn from his domestic 
freezer and an opened pack of cheese from his refrigerator: 
L. monocytogenes was recovered at <10 cfu/g from both foods. The pack 
of sweet corn was of a batch subject to the international recall in the 
summer of 2018: it was not possible to ascertain when either of these 
products were purchased. 

3.2. Phylogenetic confirmation of the L. monocytogenes outbreak strain 
and comparison with isolates from outside the UK 

Phylogenetic analysis confirmed that the isolates from the 13 clinical 
cases, plus the isolates from food collected from two of the patients’ 
homes, plus the samples of food collected from retail and from the two 
manufacturers (see below) all formed a monophyletic group (Fig. 1). 
Sequences from the UK isolates formed a monophyletic group with 
isolates from clinical cases in other European countries identified as part 
of this outbreak as well as isolates from the Hungarian food producer. A 
further genetic match was identified with a human case in Australia in 
2018 who also reported consuming frozen sweet corn (personal 
communication, The Peter Doherty Institute for Infection and Immunity, 
Melbourne, Australia). 

At the time of writing (July 2020), no additional cases of listeriosis 
infected by the outbreak strain were detected in the UK after the 
February 2019 case. 

3.3. Microbiological investigations of the food chain 

In June 2018, the L. monocytogenes outbreak strain was detected in a 
chicken and sweet corn sandwich filling collected at the point of pro-
duction: the sampling of this food was for routine testing purposes and 
was unrelated to the investigation of the outbreak. The chicken and 
sweet corn sandwich filling was collected from a commercial manufac-
turer of sandwiches (Company A). It was subsequently identified that 
this manufacturer received frozen sweet corn from Company B which 
distributed frozen vegetable products in the UK, including frozen veg-
etables from the Hungarian factory associated with the outbreak. 
Company B instituted a voluntary product recall of frozen sweet corn in 
the UK in July 2018 (FSA, 2018b). 

Sandwiches manufactured by Company A were prepared by adding 
frozen sweet corn directly to sandwich fillings without any additional 
cooking or blanching. Following this chance detection of the outbreak 
strain, a total of 54 food samples and 10 environmental swabs and a 
cloth were collected during June and July 2018 from the premises of 
Company A and were tested for the presence of Listeria (Table 1). 
L. monocytogenes was detected in 20 (37%) of the food samples, all at 
<20 cfu/g. The outbreak strain was recovered from 12 sandwich fillings 
(all containing sweet corn), and was not recovered from any other fill-
ings or other foods which did not contain sweet corn. A second 
L. monocytogenes strain (strain 2, see following text) was recovered from 
eight out of 16 samples taken from three bulk bags of frozen sweet corn. 
Listeria innocua was detected in 15 of the food samples, seven of which 
also contained L. monocytogenes. No Listeria spp. were recovered from 
any of the 10 factory swabs collected from Company A’s premises. 

Microbiological investigations were also performed in the premises 
of Company B which was located in two sites in England and which 
imported frozen vegetable products (including those from Hungary). 
This company also repackaged and distributed these products in the UK. 
For Site 1, 32 samples were collected between July and November 2018, 
and comprised 16 swabs of sites within the factory and 16 food samples. 
For Site 2, 171 samples were collected, 144 in June–July 2018 (115 food 
samples and 29 factory swabs), and a further 27 samples (18 foods and 
nine factory swabs) in May 2019. Amongst all 131 food samples tested in 
2018, L. monocytogenes was detected in 32 (24%). L. monocytogenes was 
recovered from 31 (44%) of the 70 bulk or retail packs of frozen sweet 
corn tested, with the outbreak strain identified in 19 packs. 
L. monocytogenes was detected in only one (2%) of the 61 other frozen 
foods tested: this isolate, from a pack of frozen peas was distinct from the 
outbreak strain (Table 1). Amongst all the frozen foods contaminated 
with L. monocytogenes, the bacterium was detected at 20 cfu/g in two 
samples of bulk frozen sweet corn contaminated with the outbreak 
strain: all of the remainder were contaminated at <20 cfu/g. 

L. innocua or Listeria seeligeri were detected in 21 of the frozen foods, 
6 (9%) of the 70 samples of frozen sweet corn and 15 (25%) of the 61 
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other frozen foods tested from Company B. These two species of Listeria 
were recovered at <20 cfu/g in all instances. No food sample was found 
to be contaminated with more than one Listeria species. L. monocytogenes 
was recovered from four of the factory swabs (hopper, weigh head, wash 
hand basin trough and drainage gully) and L. innocua from a further two 
swabs (hopper and hopper chute), all taken in 2018. The outbreak strain 
was only detected in the wash basin. 

Of the 18 food samples collected in May 2019 from Company B, 
Listeria were detected at <20 cfu/g in 8 mixed vegetable retail packs: 
L. monocytogenes was detected in four samples (all of which were the 
outbreak strain), L. seeligeri was recovered from a further three and 
L. innocua from one sample. Nine swabs of the factory environment were 
taken in 2019, of which L. seeligeri was recovered from one drain. 

As a response to the outbreak, PHE instigated a 3-month survey of 
frozen fruit and vegetables on retail sale and from catering establish-
ments in 2019 (Willis et al., 2020). The L. monocytogenes ST6 outbreak 
strain was detected in two samples (both of which contained beans) on 
retail sale in shops located in different parts of England in January and 

April 2019. One of the products was marked as ready-to-cook, and 
cooking instructions were not recorded for the other. One of these 
products was identified as originating from Company B. 

Phylogenetic analysis indicated that the L. monocytogenes isolates 
identified as the outbreak strain and recovered from food at retail, food 
from the sandwich manufacturer as well as food and the environment 
from the importer all formed a monophyletic group with the clinical 
isolates (Fig. 1). There were two separate isolates from the frozen broad 
beans (Vicia faba) and green beans on retail sale in April 2019 (Fig. 1). 

In addition to the outbreak strain, SNP analysis of the 
L. monocytogenes recovered from foods and the environment of Company 
B identified a further five strains (designated strains 2–6; Table 1). 
Amongst the five additional L. monocytogenes strains recovered from 
Company B: strains 4, 5 and 6 were recovered on one occasion each; 
strain 2, eight times; and strain-3 five times. Strain 2 was recovered on 8 
occasions from foods containing sweet corn from the sandwich manu-
facturer (Company A, Table 1). 

Analysis of the GDW sequence database identified two UK clinical 

Fig. 1. Listeriosis outbreak, 2015–2019, maximum-likelihood phylogeny of L. monocytogenes serogroup 4, ST 6, CC 6, SNP type 1.2.2.2.2.2.%. Red = clinical cases; 
orange = food collected from domestic environments; green = UK importer and distributor; black = UK sandwich manufacturer; blue = UK retail. (For interpretation 
of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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isolates within the same 5 SNP strain-2 cluster and no other matches to 
strains 3–6. Phylogenetic analysis confirmed that the 17 
L. monocytogenes Strain 2 cultures isolated in 2019 from frozen sweet 
corn and an environmental swab from Company A and B, as well as two 
isolates from food in 2013 and 2016 and two isolates from clinical cases 
in 2014 (briefly described below) formed a monophyletic group (Fig. 2). 
The two L. monocytogenes clinical isolates identified as part of the strain- 
2 cluster were isolated from blood cultures collected from two cases 
which occurred in England in June and November 2014, one was a 69- 
year-old male, the other a 33-year-old pregnant female: there was no 
information available on food exposures for either of these patients. 
There were two additional L. monocytogenes isolates from other foods 
which were identified as being within the same 5 SNP strain-2 cluster, 
the foods being: a tuna and sweet corn sandwich sampled from a café in 
2016 and a sample of sweet corn tested by a commercial laboratory in 
2013. Analysis of the international NCBI sequence database did not 
identify any other L. monocytogenes being within the same 5 SNPs cluster 
as any of the five strains identified from Company B although there were 
4 L. monocytogenes sequences identified within 8 and 20 SNPs. These 
were one environmental isolate from Ireland from 2011 and 20 SNPs 
away from strain 3; one environmental isolate from Ireland from 2011 
that was 8 SNPs away from strain 4; and one food isolate from Austria in 
2012 and one clinical isolate from Spain in 2011 that were 8 and 19 
SNPs away respectively from strain 5. 

Phylogenetic analysis also confirmed that the five L. monocytogenes 
strain 3 cultures (serovar 1/2a, ST 431) isolated in 2019 from the frozen 
sweet corn distributor’s factory were a monophyletic group (results not 
shown). 

4. Discussion 

Frozen vegetables are not generally regarded as ready-to-eat foods 
(EFSA, 2020; Willis et al., 2020) and this report further highlights 
problems with L. monocytogenes in frozen sweet corn. We report here on 

UK investigations (as well as a case in Australia) which were part of a 
multi-country human listeriosis outbreak associated with the con-
sumption of contaminated frozen sweet corn and provide data in addi-
tion to that already available (EFSA, 2018a,b). Previous investigations 
of human foodborne listeriosis have concentrated on ready-to-eat foods 
which support the growth of L. monocytogenes (Farber and Peterkin, 
1991). This outbreak provides further information on food vehicles in 
which the bacterium is unlikely to grow, and demonstrates that frozen 
sweet corn may be of greater risk as a food vehicle for listeriosis than 
other frozen vegetables. A survey of frozen fruit and vegetables collected 
at retail and catering in England during 2019 (Willis et al., 2020), show 
that, amongst the frozen vegetables, sweet corn was more frequently 
contaminated by L. monocytogenes than most other frozen vegetable 
types. The data described in this report also showed that sweet corn was 
more frequently contaminated than other frozen vegetable collected at 
the distribution company. Furthermore, sweet corn had been used as a 
ready-to-eat food ingredient. There is also circumstantial evidence 
consistent with two further cases of listeriosis associated with frozen 
sweet corn (L. monocytogenes strain 2) presented here: similar evidence 
is reported elsewhere for linkage between sweet corn to cases in England 
and Denmark (Willis et al., 2020). Frozen sweet corn was associated 
with a listeriosis outbreak in the United States between 2013 and 2015 
involving nine cases, all of whom were hospitalised, three of whom died 
(CDC, 2016). Epidemiological and microbiological evidence indicated 
that the source was frozen vegetables from a single producer and WGS 
showed that the L. monocytogenes isolated from frozen sweet corn was 
indistinguishable from isolates from eight of the human cases; a culture 
from frozen peas from the same manufacturer was distinct from the 
outbreak strain but indistinguishable from an isolate from a further 
human case. Other food vehicles reported elsewhere in which 
L. monocytogenes is unable to grow include an outbreak associated with 
frozen ice-cream (Pouillot et al., 2016) and a single sporadic case 
associated with dried alfalfa leaves (Farber et al., 1990). These incidents 
highlight the need to reconsider food vehicles for human listeriosis and 

Table 1 
Recovery of Listeria species from 272 food and environmental samples collected from a sandwich manufacturer and frozen vegetable distributor in 2018 and 2019.  

Food type Total tested Number of samples with detection of: 

Listeria species (not L. monocytogenes) L. monocytogenes L. monocytogenes strain 

Sandwich manufacturer (Company A). 64 samples collected during June and July 2018 
Tuna and sweet corn sandwich fillings 6 0 6 6 outbreak strain (4, ST6) 
Chicken and sweet corn sandwich fillings 6 1a 6 6 outbreak strain (4, ST6) 
Other sandwich fillings not containing sweet corn 23 0 0  
Cooked chicken 2 0 0  
Bulk frozen sweet corn 16 14a 8 8 strain-2 (1/2a, ST 101) 
Frozen spring onions 1 0 0  
Factory swabs and cloth 10 0 0   

Distribution company (Company B). 176 samples collected during June–November 2018 
Frozen sweet corn, bulk packs 38 4b 12 7 outbreak strain (4, ST6) 

5 strain-2 (1/2a, 101) 
Frozen sweet corn, retail packs 32 2b 19 12 outbreak strain (4, ST6) 

2 strain-2 (1/2a, ST101) 
5 strain-3 (1/2a, ST 431) 

Frozen peas, retail packs 34 1c 1 1 strain-4 (1/2a, ST431) 
Frozen mixed vegetables or cauliflower, retail packs 21 13b 0  
Frozen spinach 1 0 0  
Frozen rice 5 1c 0  
Swabs from factory 45 2a 4 1 outbreak strain (4, ST6) 

1 strain-2 (1/2a, ST 101) 
1 strain-5 (1/2a, ST8) 
1 strain-6 (4, ST4)  

Distribution company (Company B). 32 samples collected during May 2019 
Frozen mixed vegetables, retail packs 12 4b 4 4 outbreak strain (4, ST6) 
Frozen peas or carrots, retail packs 6 0 0  
Swabs from factory 9 1c 0   

a L. innocua. 
b L. seeligeri and L. innocua. 
c L. seeligeri. 
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ensure appropriate controls are implemented in the food chain, 
including for non-ready-to-eat foods and food ingredients which can be 
added to ready-to-eat foods, particularly where L. monocytogenes has an 
opportunity to grow. The potential for L. monocytogenes to grow in foods 
containing sweet corn was highlighted both by the European Food 
Safety Authority (EFSA, 2020) and by an outbreak of more than 1500 
cases of listeriosis presenting with febrile gastroenteritis which occurred 
in Italy in 1997 (Aureli et al., 2000). This outbreak was associated with 
consumption of a sweet corn and tuna salad which was prepared from 
canned products. In the 1997 outbreak, the products used to prepare the 
salad were contamination from the environment where the salad was 
produced after opening the cans. This is in contrast to the frozen sweet 
corn outbreak described here where contamination occurred at the point 
of freezing in Hungary (EFSA, 2018a,b). The potential for growth of 
L. monocytogenes in sweet corn kernels was previously identified where 
this bacterium was shown to grow to >106 cfu/g after 10 h at 25 ◦C in an 
inoculation experiment (Aureli et al., 2000). 

Related cases of listeriosis can be temporally and geographically 
widely distributed (McLauchlin et al., 2020a). Listeriosis outbreaks 
associated with frozen foods (including frozen vegetables) will present 
greater difficulties for investigation than those associated with many 
other food types since these can be stored for several years both at dis-
tribution, retail (Willis et al., 2020) and in domestic freezers. Hence 
cases can be even more widely distributed than those linked to other 
food types with shorter shelf lives. The data presented here 

demonstrates that there was continued exposures to consumers in the 
UK from the L. monocytogenes strain associated with the 2015–18 
outbreak in products within this food chain after the international recall 
in the summer of 2018: fortunately, no further listeriosis cases associ-
ated with this outbreak were detected in the UK after a case of menin-
gitis in London in February 2019 up to the point of writing in July 2020. 

The 13 cases identified as part of this outbreak showed a similar 
pattern to listeriosis cases reported through national surveillance (Sco-
bie et al., 2019) in that the affected patients were most frequently over 
60 years of age and male, and most frequently presented with bacter-
aemia. The two patients aged one year old and 22 years old are unusual 
for listeriosis patients in England (Scobie et al., 2019). It was only 
possible to obtain generic information on sweet corn consumption, and 
not on specific food preparation methods used by the patients except for 
the one year old child. There are difficulties in obtaining specific 
exposure information for sweet corn which can be added to many 
different dishes and if consumed in a catering setting, an individual is 
unlikely to be aware if a frozen of canned sweet corn products have been 
used. Recall of consuming canned sweet corn by the two patients in the 
outbreak described here will be an incidental finding since this product 
undergoes a heat treatment and was therefore unrelated to this 
outbreak, however this will reflect a generic exposure for consuming 
sweet corn. Infection in the one-year-old child reflects the consumption 
of puréed frozen sweet corn with other vegetables and illustrates the 
potential for foodborne exposure to L. monocytogenes from non-ready-to- 

Fig. 2. Maximum-likelihood phylogeney of L. monocytogenes strain-2, serovar 1/2a, ST 101, SNP type 2.7.7.7.7.7.%. Red = UK clinical case, green = UK importer and 
distributor; black = UK sandwich manufacturer. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of 
this article.) 
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eat foods. Raw vegetables are increasingly used in a variety of products, 
including smoothies (González-Tejedor et al., 2018; Willis et al., 2020) 
and there is a need for risk communication to both producers and con-
sumers to control this exposure. 

The benefits of collecting and testing food samples from patients’ 
domestic environments in listeriosis outbreaks occurring in England and 
Wales has previously been reviewed (McLauchlin et al., 2020a). For the 
UK cases in this outbreak, the implicated strain was recovered from food 
samples collected from the domestic environments of two patients (the 
one-year-old child and the adult with meningitis in 2019). Although 
cross-contamination may take place between foods in domestic envi-
ronments (as is likely to have occurred in the 2019 case where the 
outbreak strain was recovered from an opened pack of sweet corn and 
from cheese) this approach should be considered for routine in-
vestigations of listeriosis patients. 

In this investigation, results from unrelated microbiological testing 
of products from a sandwich manufacturer identified this business as 
part of the affected food chain without conventional product tracing. We 
have previously noted that the most common method to initially identify 
specific foods associated with incidents of human foodborne listeriosis 
in the community in England and Wales was where isolates recovered 
from unrelated food testing were recognised as indistinguishable to 
those from cases (McLauchlin et al., 2020a). Furthermore, microbio-
logical testing confirmed failures of food safety management systems, 
sometimes several years before onset of infection of cases of listeriosis 
(Elson et al., 2019; McLauchlin et al., 2020a). Although there was no 
evidence of cases resulting from exposure to contaminated sandwiches 
for the UK listeriosis cases which were part of the 2015–18 sweet corn 
outbreak, sweet corn is frequently added to a range sandwich fillings (as 
well as other foods such as salads) and identifying this as a discrete 
exposure may be difficult. Furthermore, the contamination of sand-
wiches by Company A by both the outbreak strain and a second strain 
represents an avoidable risk which could have contributed to infection, 
with increased risk of infection if growth of the bacterium occurred 
within these sandwiches. Following these observations, additional 
controls were implemented by Company A which included a further 
heating step applied to the frozen sweet corn prior to addition to the 
sandwich filling. 

The very high discrimination of WGS to characterise 
L. monocytogenes not only provides evidence to support epidemiological 
data linking patients together in an outbreak, but also provides plausible 
hypotheses linking parts of food chains. The multi-country reports 
relating to this sweet corn outbreak identified the food chain associated 
with the outbreak as very complex (EFSA, 2018b,c). The investigations 
described here show how analysis by WGS provides evidence to un-
derstand a complex food chain. Firstly, this analysis identified groups of 
isolates from independently sampled foods to link a frozen food 
distributor and a sandwich manufacturer prior to more traditional trace- 
back and trace-forward approaches. Secondly, WGS allowed the iden-
tification of the outbreak strain from the environment of the frozen food 
distributor’s factory amongst six distinct L. monocytogenes strains 
together with L. innocua and L. seeligeri, which demonstrates the 
complexity of heterogeneous populations in a food production envi-
ronment. Despite the multiple strains contaminating these products, it is 
unclear why only some strains are associated with human disease and 
the genetic and physiological basis for this should be the subject of 
future studies. Thirdly, a second unrelated L. monocytogenes (strain 2) 
was detected in samples from two companies’ products in 2018, sweet 
corn tested up to five years previously and from two English cases of 
listeriosis in 2014. This final observation illustrates how analysis of 
historical isolates can implicate a food chain and provides a plausible 
hypothesis for public health investigations as well as reflecting both the 
long shelf life of frozen products and colonisation of harbourage sites 
within food factories (Ferreira et al., 2014). Analysis of WGS data 
therefore allows the recognition of L. monocytogenes strains (including 
the outbreak strains) amongst Listeria populations within complex food 

chains over long periods of time. Combining and providing access to 
data from more traditionally gathered epidemiological, microbiological 
and food chain information with that from WGS will considerably 
enhance the effectiveness of all those involved both with public health 
responses to cases of listeriosis and control of microbiological hazards in 
the food chain. 

This outbreak provides further information on L. monocytogenes in 
the frozen vegetable food chain. This bacterium is widespread in the 
environment and therefore raw products are likely to be contaminated 
and act as a route for the organism to be introduced into factory sites 
(EFSA, 2020). During processing and prior to freezing, vegetables are 
frequently blanched, either with water or steam (EFSA, 2018c, 2020). 
The blanching inactivates plant enzymes to reduce spoilage during 
storage and preserves colour, flavour and nutritional value (Ceylan 
et al., 2017). The blanching step is not designed or controlled as a mi-
crobial inactivation but will inevitably reduce the overall microbiota. 
After freezing, the presence of L. monocytogenes indicates either survival 
of contamination from the raw product through the blanching process or 
contamination from factory sites and machinery during freezing (EFSA, 
2020). Manufacturers of frozen vegetables should control the quality of 
their raw materials as well as operate stringent cleaning and sanitation 
to reduce contamination as much as possible from factory sites including 
from blast freezers (EFSA, 2020). EU food legislation (European Com-
mission, 2005) contains microbiological criteria for L. monocytogenes in 
ready-to-eat foods with a limit of 100 cfu/g during their shelf life. 
However frozen sweet corn (as well as many other frozen vegetables) are 
not generally intended as ready-to-eat foods and therefore these criteria 
do not apply. The European Food Safety Authority (EFSA, 2020) 
considered public health risks from frozen fruit and vegetables and 
although no microbiological criteria were recommended, they did 
comment that the occurrence of relatively low levels of L. monocytogenes 
at the end of the production process would be compatible with the limit 
of 100 CFU/g at the moment of consumption following ideal storage by 
the consumer of 24 h at 5 ◦C. However, considering reasonably fore-
seeable conditions of use by the consumers of 48 h at 12 ◦C, 
L. monocytogenes levels need to be considerably lower, even below the 
detection sensitivity of the current available standard analytical pro-
cedure/methods for those products that best support pathogen growth. 

Frozen vegetables (including sweet corn) represent a hazard both as 
a source of cross-contamination in food production environments and 
through the potential for misuse as ready-to-eat food ingredients. This is 
in contrast to canned sweet corn which includes a heat inactivation 
treatment and does result in a ready-to-eat product. HACCP-based food 
safety management systems of manufacturers of frozen vegetable must 
identify these hazards and implement prerequisite programs to reduce 
or eliminate contamination and include additional controls to reduce 
risks to acceptable levels. Monitoring for the presence of 
L. monocytogenes (as well as Listeria spp.) both within food and the 
manufacturing environment should be a component for the verification 
of the effectiveness of the HACCP-based food safety management sys-
tems (EFSA, 2020). There is also a role for food regulators risk man-
agement (as well as for public health authorities) to control 
L. monocytogenes in frozen vegetables. Advice from the European Food 
Safety Authority (EFSA, 2018c, 2020) on public health risks as well as 
sampling and environmental monitoring in processing plants will help to 
implement better HACCP-based food safety management systems and, it 
is hoped, preventing further outbreaks. Consumers should also be 
advised on the appropriate purchase, storage and cooking of frozen 
vegetables. Risk communication was done in England as part of the 
outbreak control in the summer of 2018 (FSA, 2018a; PHE, 2018c); 
however, there is a continuing need to reiterate this message. Manu-
facturers and retailers should clearly mark packaging with the need for 
cooking: in the survey performed in early 2019, 77% of 673 frozen 
vegetables were described as not ready-to-eat and the intended use 
described on the packaging advised cooking or blanching (Willis et al., 
2020). 
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