Accepted Manuscript % - CONTROL
____ CONTROL

M CONTROL
m  CONTROL

Prevalence and persistence of Listeria monocytogenes in premises and products of CONTROL
small food business operators in Northern Ireland CONTROL

. . . . CONTROL
Robert H. Madden, Mike Hutchison, Kieran Jordan, Vincenzo Pennone, Ozan . CONTROL

Gundogdu, Nicolae Corcionivoschi

PII: S0956-7135(17)30599-6
DOI: 10.1016/j.foodcont.2017.12.020
Reference: JFCO 5912

To appearin:  Food Control

Received Date: 6 October 2017
Revised Date: 13 December 2017
Accepted Date: 14 December 2017

Please cite this article as: Madden R.H., Hutchison M., Jordan K., Pennone V., Gundogdu O.

& Corcionivoschi N., Prevalence and persistence of Listeria monocytogenes in premises and
products of small food business operators in Northern Ireland, Food Control (2018), doi: 10.1016/
j-foodcont.2017.12.020.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.foodcont.2017.12.020

10

11

12

13

14

15

16

17

18

19

20

Prevalence and persistence of Listeria monocytogenesin premises and products of

small food business operatorsin Northern Ireland

Robert H. Madden*, Mike Hutchison?, Kieran Jordan®, Vincenzo Pennone®, Ozan Gundogdu®

and Nicolae Cor cionivoschi’

'Food Microbiology, Agri-Food and Biosciences Instt, Veterinary Science Department, Belfast,
BT9 5PX, Northern Ireland

Hutchison Scientific, Cheddar, Somerset, BS27 3Naited Kingdom

3Food Safety Department, Teagasc Food ResearcheCdtuprepark, Fermoy, Co. Cork, Ireland.
*Faculty of Infectious and Tropical Diseases, Lon8ehool of Hygiene and Tropical Medicine,

Bloomsbury, London, WC1E 7HT, UK

* Correspondence:
Nicolae Corcionivoschi, Food Microbiology, Agri-Fd@and Biosciences Institute, Veterinary
Science Department, Belfast, BT9 5PX, Northerradl

Nicolae.corcionivoschi@afbini.gov.uk

Keywords: Listeria monocytogenes, r eady-to-eat-foods, persistence, SME, food safety, food

pr ocessing.

Running title: Listeria monocytogenesin SMEsin Northern Ireland



21

22
23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

Abstract

Listeriosis is a foodborne disease, with a hightaliy rate, that predominantly effects the elderly
Under European Union legislation, EC 2073/2005¢dfbasiness operators are encouraged to
undertake sampling to ensure that the food proegssivironment, and required to ensure that food
products, are free dfisteria monocytogene3o determine the prevalencelofmonocytogenes
smaller food processing facilities in Northern &mdl, 24 companies submitted six processing
environment swabs and two food samples every twatinsafor eighteen months (July 2015 to
November 2016) foL. monocytogenesxamination. The prevalencelofmonocytogenesas 4.6%

in food samples, and 6.3% in processing environmeabs. Over the duration of the study, 96
isolates olL. monocytogenesere obtained, one from each positive sample,xXoe two meat
samples that had >100 cfu/g, where two isolateg wbtained from each sample. No seasonality in
occurrence ok. monocytogenesas seen for food isolates but significantly higmembers of

positive processing environment swabs were fourtderwarmer months of May, July and
September (p = 0.007). Pulsed Field Gel Electropdisr(PFGE) analysis revealed the presence of 27
pulsotypes; 9 pulsotypes were shared between difféacilities and 9 were persistent. Based on a
Combase predictive growth model, 77.5% (n=130jeffoods tested were predicted to support the
growth ofL. monocytogene®\ll of the isolates carried the pathogenicity gginlA andactA and
71.4% carriedjadH, which confers resistance to quaternary ammorgompounds which are
frequently used in sanitizers. Whole genome sedogruf the isolates allowed multi-locus sequence
typing to be undertaken. The data indicated trest#quence types identified included those with

disease-causing ability, highlighting the diseamsesing potential of the isolates.
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1. Introduction

Clinical invasive infection by.isteria monocytogenghsteriosis, is rare in healthy humans.
However, there are subsections of the populatiahdte vulnerable to invasive infection, including
the immuno-compromised, the elderly and pregnamh&o(CDC, 2017). From a public health
perspective, finding ways to reduce exposure afienzlble consumers to monocytogends ready-
to-eat (RTE) foods is important. Despite this, tinenber of cases of listeriosis reported in the EU
has increased. In 2015, the number of confirmedamuoases of listeriosis reported in the European
Union was 2,206 (0.46 cases per 100,000 populatramyh was similar to 2014. In 2015, nineteen
member states reported 270 deaths due to listeriwbich was the highest annual number of deaths
reported since 2008 (EFSA & ECDC, 2016). In a systtic review of the literature, De Noordhout
et al. (2014) estimated the case fatality rate 285%. The susceptibility of older people is of
special concern in the UK due to its ageing popahatHarper, 2016).

SinceL. monocytogenas a ubiquitous environmental bacterium (Farbd?e&erkin, 1991;
Hellberg & Chu, 2016; Montero et al., 2015), foadgessing environments are at a continuous risk
of colonisation by.. monocytogenesFor many RTE products the main, but not solg¢aroimation
mechanism, is by transfer bf monocytogenestrains from raw materials into niches in the plan
environment and subsequent transfer from thesesiictto final products (Tompkin, 2002). Such
cross-contamination has been shown in many st@Bmscan et al., 2015; Leong et al., 2017,
Muhterem-Uyar et al., 2015; Stessl et al., 2014hpagh cross-contamination from the food to the
processing environment cannot be ruled out. Hffealeaning (the removal of soil) followed by
sanitising (the destruction of microorganisms)har application of heat can remove
L. monocytogenesom processing environments (Murugesan, Kucergwabel, & Laborde, 2015;
Zottola, 1994). However, any failings in these mahares can result in contamination of products that

have been renderddsteria-free by the critical control point of cooking (Ceret al., 2015; Leong et
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al., 2017; Swaminathan & Gerner-Smidt, 2007). Adowly, the European Union has legislated to
ensure the safety of RTE products that supporgtbeth ofL. monocytogeng&U, 2005). For

foods supporting growth &f. monocytogeng@part from foods for infants or special dietary
purposes, where complete absence is required)yebdserequired when the product leaves the
manufacturer, unless the manufacturer can demaashat the numbers will be <100cfu/g at the end
of the shelf life. Foods not supporting growth mhate <100cfu/g at the end of the shelf life.

Since RTE food processing environments are recedras a significant source lof
monocytogenesontamination (Beno et al., 2016; Tompkin, 2002} important for food business
operators (FBOs) to have an appropriate surveidlgamogramme to monitor and control the risk_of
monocytogenesontamination of the final product. Environmentainitoring programmes are
recommended in the EU (EU, 2005) and required mesfood sectors in the United States of
America (FDA, 2011) and contribute to the idenéfion and tracking df. monocytogeneaslong the
food chain, and within food processing faciliti8sich programmes can have an impact on avoiding
cross-contamination to food (Ho, Lappi & Wiedma@0?2). Applying genetic fingerprinting, such as
pulsed field gel electrophoresis (PFGE) or wholeagee sequencing (WGS) can assist studies on
isolate characterization and tracking (Dalmass@#&dn, 2015; Schmid et al., 2014; Stasiewicz,
Oliver, Wiedmann, & den Bakker, 2015), especiallthwegard to determining persistence_of
monocytogenes food processing facilities.

Whilst large scale food processors will be awarstaftegies and interventions to exclude
L. monocytogenesmall to medium sized enterprises (SMES) may recassistance. These are
defined in European Union document 2003/361/E(n&ey;, alia, having fewer than 250 employees,
but in the current project most of the SMEs invdivead <20 employees. In the Republic of Ireland
(Rol), a research project on assessmeht afonocytogenesas considered to have contributed to a
reduction ofL. monocytogenas food and food processing environments, leathng decreased risk

to public health (Leong et al., 2017).



95 The aim of this study was to assess the occurr@ndersistence &f monocytogends 24

96 RTE food processing facilities in Northern Irelaoeer an eighteen-month period (July 2015 to

97 November 2016). Regular monitoring of the procegsinvironments and products of the RTE food

98 manufacturers, with molecular characterisatiorhellt monocytogenestrains isolated was

99 undertaken.
100
101 2 Materialsand M ethods
102
103 2.1 L. monocytogenemonitoring program
104  Staff of the College of Food, Agriculture & Rurahtérprise (CAFRE), Cookstown, led the
105 recruitment of FBOs to be involved in the programingotal, 24 companies participated in this
106 study with staff attending a half day workshoptfaining in sampling procedures. All participating
107 FBOs provided sketch plans of their premises andkeadsthe environmental sites to be sampled
108 during the programme. At the workshop the FBOsiveckdetailed instructions which included
109 information on how to take swab samples, whichsateaample, and on the packaging and shipment
110 of the samples to the laboratory. This was desigo@msure consistent sampling by all participants.
111 In addition a video of the appropriate samplingceaures was made and placed on YouTube for
112 subsequent access by participants to ensure ungampling. For swab samples, all FBOs were
113 asked to take samples from three specific aredsaia in the main processing hall, an area of floor
114 (1 nf) and a storage shelf. Because of the variatidayiout and type of the facilities, the area to
115 swab for the remaining samples was to be choseheblBO from anywhere in the food processing
116 environment, and the location noted. Cutting areadls, other drains and pooled water were
117 suggested as optimum locations. For food sampBOsFvere instructed to send two food samples

118 which were at the stage of being ready to be sent the processing facility. All sampling took
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place during normal production conditions. Manageinhpeactices were assessed by means of a
detailed questionnaire submitted to all particigant

From July 2015 to November 2016, a total of 24 fpoatessing facilities from seven food
sectors (cooked meat, horticultural products, sactuvibaked goods, salads, seafood and dairy
[Table 1]) were analysed bimonthly for the preseside. monocytogene®\ll of these food
processing facilities produced RTE food produatsl were distributed throughout Northern Ireland
(NI). Sampling packs, which consisted of a polysiy box (DS Smith, UK) containing six pre-
moistened 3M sponge-stick swabs (Technopath, ld¢lansterile liquid container (VWR, Ireland),
two sterile bags (VWR, Ireland), two cable tiesd &wo ice packs, were sent to all participatingdfoo

processing facilities two weeks prior to the ase@jrampling date.

2.2 Microbiological analyses

All microbiological media were supplied by Oxoi@asingstoke, UK), unless otherwise
stated. Sampling kits were dispatched to FBOs tweks before the target sampling date, and
samples were sent from FBOs by courier on the dagmpling, to arrive at AFBI the next morning,
where they were analysed immediately (less tham &der sampling). The methods used were
detection oListeriaspp. (including-. monocytogengsBS EN ISO 11290-1:1996/Amd 1:2004, and
enumeration oListeriaspp. (including-. monocytogengss described in BS EN ISO 11290-
2:1998/Amd 1 2004, except that only agiaateria according to Ottavani and Agosti (ALOA) was
used. Briefly, for food samples, for the enumeratbListeriaspp. 25 g of sample were added to
225 ml of Fraser broth base (CM0895 without sekecsupplements), blended for 2 min (Colworth
400, Seward Limited, Worthing, UK) then allowedstand for 1 h. The samples were then plated
(0.1 ml) onto plates of ALOA agar and incubated®@7or 48 h), with examination after 24 h and 48
h. Plates with less than 150 typical colonies voenented. Where plates yielded presumplive

monocytogenesive colonies were purified and confirmed, usingl ARteria (bioMérieux UK
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Limited, Basingstoke, RG22 6HY), and the final coabtained by multiplying the presumptive
count by the percentage of confirmednonocytogenesolonies. For swabs, 90 ml of Fraser broth
base with half strength supplements was addecetewiab in the bag in which it was transported to

the laboratory, followed by incubation and sub-grdtas described above.

2.3Pulsed field gel electrophoresis

The PFGE analysis was carried out using the Intiermal Standard PulseNet protocol
(PulseNetUSA, 2013).isteria monocytogendsolates were grown overnight in Brain Hearth
Infusion (BHI) agar at 37°C, subsequently a susipana 10 mM Tris:1 mM EDTA buffer, pH 8.0
(TE) was prepared with an approximate &y»f 1.0. To 40QuL of cell suspension was added 20
mg/ml of Lysozyme which was incubated at 55°C fom2in. After incubation, 20 pl of Proteinase K
stock (20mg/ml) was added, followed by 400 pl chlsem Gold agarose 1%. Plugs were prepared
by dispensing the mix into plug moulds. Solid pluwgre then lysed for 2 h in 5 ml of cell lysis
buffer (50mM Tris, 50mMEDTA, pH8.0 + 1% Sarcosyipplemented with 25 pl of 20 mg/ml
proteinase K solution. The plugs were then washazktin distilled water and four times in TE
buffer.

DNA was digested with 10 U/ul of the restrictiorzgmeAscl FastDigest (Fisher Scientific,
Ireland) and 50 U/ul of the restriction enzyfgal FastDigest (Fisher Scientific, Ireland); the
restricted DNA was run in a 1% SeaKem Gold agageséor 21 h as described in the PulseNet
protocol, on a CHEF-DR Il (Bio-Rad). After staiginvith 1 pg/ml ethidium bromide solution, the
gels were observed with the Alpha Imager (Alphaotenh, DE). Analysis of the gels was performed
with BioNumerics v7.0 software (Applied Maths) ugiand UPGMA (unweighted pair group

method with averages) and the Pearson coefficiehtl®o tolerance.

2.4Whole genome sequencing
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DNA was extracted from all isolates using a Pur&l@enomic DNA Kit (Thermofisher
Scientific, Paisley, UK) as per the manufacturer®ructions. The whole genome sequencing of all
L. monocytogendsolates was performed as previously described fgdauiz et al., 2015) using
lllumina MiSeq 2 x 250 bp paired-end sequencingamalyse the data quality, FastQC was used
(Andrews, 2016). To trim and crop the sequenciaglse Trimmomatic was used with the following
parameters: (v0.32) ‘leading’ and ‘trailing’ segionf 3, a ‘slidingwindow’ setting of 4:20 and a
‘minlength’ of 36 nucleotides (Bolger, Lohse, & ded 2014). BWA-MEM (v0.7.7-r441) was used
to map the reads using the genome sequencembnocytogendsGD (HG421741) as described by
Li & Durbin, 2010. VelvetOptimiser (v2.2.5) usin® optimization was used to perform assembly
(Gladman & Seeman, 2012; Zerbino & Birney, 2008)e Teference strain. monocytogenesGD
(HG421741) was used to complete contigs using ABSQ®¥AL.3.1) (Assefa, Keane, Otto, Newbold,
& Berriman, 2009). Multi locus sequence type (MLSW3s determined using PUbMLST
(https://github.com/tseemann/mist). Genome anratatias provided by using Prokka (Seemann,
2014). To read the genomes, and assess them ganme=of internalin AactA,

Listeria pathogenicity islands 3 and 4, the stress suriled SSI-1bcrABC andgadd, Artemis and

ACT software were used (Carver, Harris, BerrimarkRill, & McQuillan, 2012).

2.5Measurement of pH ang,a

A subset of food samples (n=130) was analysedtermée the pH, using the methodology
of BS 4401-9-1975, ISO 2917-1974, and water agtia}) determined according to British Standard
method BS ISI 21807:2004, using a Rotronic HygroBgRotronic Instruments [UK] Ltd, Crawley,

RH10 9EE, UK). These represented two samples d¢f ebthe products submitted by FBOs.

2.6 Statistical analyses
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All statistical analyses were undertaken by thenigitrics & Information Systems Branch,
AFBI, using Genstat Release 18.1 for Windows (V8téinational Ltd, Hemel Hempstead, HP2
4TP, UK). One-way analysis of variance was usestudy temporal differences with P < 0.05

indicating significance.

3 Results

3.10ccurrence ot.. monocytogenes

Overall, the 24 FBOs submitted 1,598 samples fafhyais. These consisted of 1,203 swabs
and 395 food samples. Seventy-six swabs (6.3%gmyideen food samples (4.6%) yielded
L. monocytogenesvith 5.9% of samples being positive overall. thik food samples had <100cfu/g,
except for two samples of cooked meat, one thati28@0 cfu/g and one that had 140 cfu/g.
monocytogenewere not isolated from twelve of the premisesestour produced dairy products
and the eight others a variety of products, ineclgdiot smoked salmon, pasta sauces, patés and
ready meals, baked goods, cooked chicken, and aathdegetable based products. The overall
prevalence oL. monocytogeneat the different facilities is shown in Table Thile the type of
positive sample, is shown in Table 2. OverallL98onocytogendsolates were obtained during an
eighteen-month sampling schedule, one from eaciiy@msample, except for two meat samples that
had >100cfu/g, where two isolates were obtainechfeach sample. Study of the number of positive
samples with time (data not shown) suggested tieaétwere differences in the prevalence of
L. monocytogendsetween the seasons of summer and winter (summiay=July, September;
winter = November, January, March). No statisticalpnificant difference was found between the
numbers of positive food samples found in summenainter however, for processing environment

swabs, significantly more positive samples werentbduring the summer months, p = 0.007.
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Of the positive samples, 47.8% were in drains anflaors, while 19.1% were from food
samples. The remainder were from other processinmigggment sites, for example trolleys, tables

and walls.

3.2 Analysis of the isolates by pulsed field gel etgaitioresis

The isolates were analysed by pulsed field geltedphoresis (PFGE); two isolates that were
not recoverable were not included in the PFGE amaljeaving PFGE analysis on 94 isolates. A
total of 27 distinguishable pulsotypes were idésdif based on > 90% similarity. Figure 1 shows a
minimum spanning tree, representing the PFGE gobf all the isolates. The different colors
represent different food categories. Within a eirdach segment represents an isolate, while the
circle represents a pulsotype where the isolate& $h90% similarity. The length of the line
between the circles represents the distance atthgonship between the pulsotypes/isolates.
Pulsotypes with only one isolate are represented dycle with no segments. Of the 27 pulsotypes,
there were 10 with a single isolate and 8 with nibem 4 isolates. Nine of the pulsotypes had
isolates from more than one food sector, indicapiogsible cross contamination between food
sectors (Table 3 gives more detail on pulsotypaseshacross food sectors).

For each of the companies which were positivd_fanonocytogened able 3 shows the
number of pulsotypes, number of persistent pulsesygnd the number of pulsotypes shared between
different food sectors (widespread pulsotype). Asistent pulsotype was defined as repeated
identification of an isolate of the same pulsotgper a period longer than 6 months. Of the 27
pulsotypes identified, 21 of these were identifie@ of the companies tested. This shows the
diversity of the isolates obtained, but also shawigegree of similarity in the isolates from the

different companies (Figure 2).
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Persistent pulsotypes were identified at 6 of thdatilities. Of the 27 pulsotypes, 9 were
persistent. Five pulsotypes showed a cross-contimimscenario in 3 of the companies, where
indistinguishable pulsotypes were found on food iarttie processing environment.

The PFGE profiles obtained in this study were camgavith a database of strain PFGE
profiles obtained in a similar study in the Rol.ef&awere no similarities at the level of >90%
between the isolates from this study and isolaltésimed previously.

Comparison between the pulsotypes obtained irsthidy and about 2,500 PFGE profiles in a
database of international isolates at Teagasc, &fpaok, Ireland, showed that of the 27 pulsotypes
obtained in this study, 10 were comparable witkrimational isolates. These included similarities
with strains from Ireland, Austria, Romania, Cz&dpublic, Turkey and Australia (data not shown).
Seven of the pulsotypes from the current projecew®0% similar to mushroom production chain
isolates from a project in the Rol . Figure 3 sk@m example of one of these.

A comparison between the pulsotypes from this samdythose of clinical isolates from the
ROl was made. Seven of the pulsotypes identifigtiisiproject were similar to pulsotypes from

clinical isolates at >90% (data not shown).

3.3 Potential for growth of.. monocytogenesn the food products

The pH and @data were used as the input into the Combhaggonocytogenesomputer
growth prediction model (http://browser.combasetoa)btain an estimate of the mean generation
time at three storage temperatures: 4, 6, 46d 8ombase predicted that 19 of the 130 samples
would not support the growth &f monocytogenesue either to their pH being below 4.40 (14
samples), or their,gbeing below 0.934 (5 samples). The pH apdoathe remaining 111 samples
which were predicted to support growth is showSupplementary Figure 1. Over 80% of the 111
samples had a pH greater than 5.5 and over 86% hadreater than 0.97. To assess, and compatre,

the potential of each foodstuff to support the gtowf L. monocytogenesn arbitrary growth

11
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parameter was chosen. This was the ability of dloe to support ten generations of growth,
equivalent to approximately 1,000-fold growth, @ven days or less. This corresponded to growth
from 1 cell per 10 g of food to the limit of 10Quéf, and was intended to be a parameter
comprehensible to the FBOs (data not shown).°&, 4rowth predictions showed that none of the
foods supported 10 generations of growth in onekwidewever, at 8C growth could exceed this

target in 55.0% of the foods, and a€&his rose to 77.5% of the foods.

3.4Whole genome sequencing of the isolates

All of the L. monocytogenédsolates were subjected to WGS and 91 sequenaesol&ained;
the quality of the DNA did not allow WGS to be cdeted for 5 strains. The genome sequences
were then analysed for the presence of four viadegssociated genes: internalinilA; actin
assembly proteirgctA; Listeria pathogenicity island 3, LIPI-3 ardsteria pathogenicity island 4,
LIPI1-4.Three genes indicative of stress toleraneeavalso studied; stress survival islet, SSI-1;
a resistance cassette, which contributes to resist® quaternary ammonium compournmasABC;
and the quaternary ammonium compound-resistanag gadd (Fox, Allnutt, Bradbury, Fanning, &
Chandry, 2016). All 91 isolates carried functiogahes foinlA andactA and 65 (71.4%) carried
gadH. None carried LIPI-3, LIPI-4, docrABC.

These whole genome sequences were analysed tondetehe MLST of the isolates, a
feature frequently used for clinical charactermatf isolates. Twelve MLSTs were
found(Supplementary Figure 1), and in nine FBOsesbfh STs were isolated on more than one

occasion (Table 4).

4 Discussion

12
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The results of this study show that 50% of the@stfprocessing facilities where sampling
took place were free d&f. monocytogeneas the food and the food processing environmentte
18-month duration of the sampling. It is significdmatL. monocytogenesas not detected in any of
the 5 of the dairy processing companies where sagpok place (all the companies used
pasteurised milk, with the main products beingaEam, yoghurt and cheese). Sandwich production
companies and horticultural product productionlites were the food sectors where the highest
number of facilities were positive — 4 of 4 andf3lprespectively. In a similar study in the Ra0, df
54 facilities were completely free bf monocytogenef®r the 3-year duration of that study (Leong et
al., 2017). Correlation of data on management et facilities that were positive and negative
for L. monocytogenedid not identify any practices that would leadtoincrease or decrease in
occurrence of. monocytogeng@lata not shown). From a food safety perspecte,
monocytogeneBee processing environment will have a reducekl of L. monocytogenes
contamination of the food produced.

All of the positive samples came from 12 facilitidsof 4 sandwich producing companies, 3
of 4 horticultural product production facilities,02 3 meat companies, 1 of 2 baked goods companies
and 1 of 1 seafood company. It should be notedttt@msamples of meat products sampled prior to
distribution were found to exceed 100 cfu/g, andentberefore not fit for sale. In these cases, the
FBOs were informed and appropriate action was takkmther food samples (n=393) had <100
cfu/g. In this study, sandwiches had significhisteria contamination, as was shown by (Cossu et
al., 2016), and they have been implicated in cagésteriosis (Silk, McCoy, lwamoto, & Griffin,
2014). This show the importance of anti-listeriatrols in sandwich producing facilities.

The overall occurrence in food and in the procegeimvironment was 4.6% and 6.3%,
respectively. Comparing the results with other @iitdd surveys is not applicable as, 1) different
methodologies (for sampling and analysis) are featjy used, 2) in many surveys, one facility is

surveyed on several occasions or several faciiiesurveyed on one occasion, 3) some surveys are

13



314 targeted at facilities that have been shown todsdtipe. In extensive surveys, using similar

315 methodologies, Leong et al, (2017) found that 3B%667 processing environment samples and
316 4.2% of 1202 food samples were positive, while Behal. (2016) found 1.4% of 4430 processing
317 environment samples positive. Muhterem-Uyar et24115) reported a higher occurrence in meat
318 processing facilities than in dairy processingliaes (32.0% and 8.8%, respectively), attributthg
319 higher occurrence in meat processing facilitiesross-contamination from carcasses. In addition,
320 not all the meat processing facilities producedlye@-eat food.

321 The locations most commonly associated Witimonocytogenesontamination were areas
322 such as floors and drains (Kells & Gilmour, 200é4phg, Alvarez-Ordonez, & Jordan, 2014; Ruckerl
323 etal., 2014; Schoder, Rossmanith, Glaser, & Wadtr2). This prevalence was not consistent over
324 the 18-month period of the study as processingrenment samples were more frequently positive
325 during the warmer months of May to September (p08D). This is in contrast to other studies such
326 as that undertaken in the Rol (Leong et al., 20iW)ere no seasonality was found. Weather, such as
327 warm or wet conditions, can affect the prevaleride. snonocytogeng$iellberg & Chu, 2016).

328 However, in this study, no obvious cause for thesenality observed was determined. In contrast,
329 the statistical analyses showed no seasonal effgittsegard to prevalence in the food samples.
330 Seasonality of contamination has been reporteainy groducts (Meyer-Broseta, Diot, Bastian,

331 Riviére, & Cerf, 2003), but no dairy products weuasitive in this study.

332 The ninety-four isolates genetically characterisgdPFGE resulted in 27 distinguishable

333 pulsotypes; 33% of these pulsotypes showed pemnsistat the processing facility. Nine of the

334 pulsotypes were found in different food sectorsndfre extensive sampling and analysis were

335 undertaken, it is possible that other pulsotypesldvbe identified as persistent. The persistende of
336 monocytogenemdicates either repeated contamination eventiseoresistance df. monocytogenes
337 to the hygiene procedures in the facility (for evisee Carpentier & Cerf, 2011). Persistende of

338 monocytogeneis the food processing environment presents aofigkoss contamination to the food
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being produced. In order to address such persistenore stringent hygiene measures, or hygiene
barriers on access to the facility (including fawrmaterials) are necessary. Such measures can
reduce cross contamination to the final product@mdribute to the prevention of public health
issues (Awofisayo-Okuyelu et al., 2016; McCollunmakt 2013; Montero et al., 2015).

The results of the project show the diversity & igolates obtained (Figure 1), but also
shows a degree of similarity in the isolates frtva different companies (Figure 2). For example, the
PFGE profile of an isolate from the floor in fravfta sink at one facility was >90% similar to adoo
isolate from the same facility and isolates fromgassing environment and food samples from other
facilities (Figure 2). Further studies analysing WGS data in more detail may help to resolve this
issue and determine how similar the isolates are.

The presence of the sarmemonocytogengsulsotype in different companies (widespread
occurrence) shows the possibility of cross contation between different production units and
sometimes different food sectors. This can happeenvgervices are shared, like transporters, raw
materials, couriers, etc. In the current studyrdlveere no known links between the companies where
the same pulsotype was found in different facsitiexcept for one case where the same company
operates two facilities. Widespread contaminati@as @etected in the mushroom industry. In Ireland,
the mushroom industry is a very ‘cross border’ stdyy where companies have premises in both NI
and Rol. This could explain the occurrence of sesammon pulsotypes that were commonly found
in both NI and the Rol. Alternatively, there atelzal clones of.. monocytogeng€henal-

Francisque et al., 2013), indicating that it isgbke for the same pulsotype to be found in différe
facilities that have no apparent epidemiologiaak.li

Cross contamination was shown at four facilitieserelL. monocytogendsolates from
processing environment swabs had the same pulsas/fid samples in the same facility. PFGE
does not discriminate between the two possibleasees) namely if the contamination went from the

food to the environment or vice-versa. Further yses would be required to differentiate these

15



364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

scenarios. Persistencelofmonocytogenas the food processing environment presents aafisk
cross contamination to the food being produceds€omntamination from the processing
environment has been previously reported (lvane&h@ Wiedmann, & Wells, 2004; Leong et al.,
2017; McCollum et al., 2013) and has been implit@teoutbreaks of listeriosis (Currie et al., 2015)

In a comparison between the pulsotypes identifieithis study and those obtained in other
countries, 10 common pulsotypes were identifiecaiAgthis shows the existence of global clones of
L. monocytogenesot necessarily connected to epidemiological fakenal-Francisque et al.,
2013). The relationship between these clones ikeanand further studies would be required to
clarify this. For example, a comparison of whola@®e sequences can highlight the presence of
single nucleotide polymorphisms (SNPs) betweennstnaith indistinguishable PFGE profiles. This
is especially important where PFGE similarities sltewn in the comparison with clinical isolates,
but in the absence of epidemiological data no ¢iak be made between isolates from food and
disease-causing isolates.

SinceL. monocytogenasas present in half of the food processing faesigparticipating in
this study, there is potential for cross-contamarato food products. Thus, it is relevant to
determine if these foods support the growth.aihonocytogene#lthough not foolproof, predictive
microbiology can give an indication of growth pdiah Nineteen of the 130 food products tested
(using Combase predictions based on pH and watigitgcwere predicted not to support the growth
of L. monocytogeneshese were mainly low pH products such as yoghuhteese, fruit products and
coleslaw, which all had a pH below 4.4. While t& @f cheese can increase post-production due to
the actions of the endogenous microflora (SchdBleandamis, & Wagner, 2013), this was unlikely
to occur with the cheese products studied, hereewlould be not support growth during their
normal shelf life.

The remaining 111 food samples, i.e. 85%, all Hdcpd g values which would support the

growth ofL. monocytogeneat £C, 6C and 8C, according to the ComBase model. Whil€ 4s the
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intended temperature of a domestic refrigeratdrKavide microbiological study found that the
mean temperature of pre-packed meats on retailgisypas 6.8°C, with 71.3% of samples above the
industry guideline of 5°C, and 32.7% being storedva 8°C (Madden, 2014). Hence, the
temperatures of 4 and 8°C, and the intermediatpéesture of 8C, were chosen for the growth
studies. Growth in the foodstuffs over a seven{uyod was determined using the arbitrary
criterion of calculating the time for 10 generasasf microbial growth (approximately a 1,000-fold
increase in numbers), using the generation timdigiexd by ComBase. This allowed a simple metric
to be communicated to FBOs. AtGlnone of the 111 foodstuffs were predicted to supguch
growth. However, increasing the temperature’®® fesulted in 55% of the samples failing the test,
while 77.5% failed at 8. This shows the importance of temperature inrodlintg the growth otl..
monocytogenesnd the importance of proper control over theperature of domestic refrigerators.
In order to help them comply with Commission Regala(EC) No 2073/2005, this information was
communicated to participants. Additionally, guidarior FBOs undertaking challenge studies to
determine the ability of foods to support growth.omonocytogeneds the food matrix has been
published (Beaufort, Bergis, Lardeux, Polet, & Btitborn, 2014). Thus, for most of the food
products analysed in this study, an initial contaation of ond.. monocytogengser 10 g could
exceed the regulatory level bf monocytogenested in Commission Regulation (EC) No 2073/2005
(100 cfu/g) within a week, if they were subjectedhbuse temperatures found in retail premises.
The Gastrointestinal Bacteria Reference Unit, Netidnfection Service, Public Health
England, supplied data on clinical MLSTs from thi€ (April 2016-March 2017), where 10 MLSTs
were found (STs 1, 5, 6, 8, 20, 21, 121, 155, 2a#394). ST204 was the most common sequence
type identified in this study, comprising 30 isel&t This MLST was isolated from a number of
different food processing facilities, and was fodadthe duration of the project. All of the cliaile
associated MLSTs were found in the isolates frosstudy, where they comprised 98% of the

isolates. Furthermore, the Natior&dlmonella, Shigella & ListeriReference Laboratory in the Rol
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414 reported that eight of the nine most common MLSbdated during this study were also found as
415 clinical isolates. However, based on a study oé&ih ST204 isolates, this MLST was reported as
416 being mainly an environmental isolate (Fox et2016). It should be noted that not all isolate$sit
417 given MLST are genetically identical. For exam@6% of the ST204 isolates carried tfeeH

418 gene, and were therefore different from the 14%ctvkiid not carry it.

419 Overall, most of the isolates for which WGS data whtained (71%) carried tijgadH gene,
420 which confers resistance to quaternary ammoniuts,gak basis of many sanitizers used in the food
421 industry (Sidhu, Sgrum, & Holck, 2004). The higteraf carriage ofjacH by ST204 isolates found
422 in this study contrasts with its absence in thésbfates described in the report of Fox et al. @01
423 and may reflect selection for this property in fgmdcessing environments. Resistance to quaternary
424 ammonium salts may also be a contributory factahéohigh prevalence of this MLST found in this
425  study.

426 Study of the WGS data showed that all of the isslatbtained carried the virulence genes
427 inlA andactA (Fox et al., 2016). However, determining the tpa¢hogenic abilities of the isolates
428 was beyond the scope of this study; further workhenWGS data and on invasion assays would be
429 required to further investigate pathogenic propsrtof the isolates (Chen et al., 2016).

430 Overall, the results obtained showed that mostqgipating FBOs can produce RTE food free
431 from L. monocytogenesind many were able to keep their productionifgdilee from this pathogen.
432 Hence, most FBOs appear to have determined eféectintrol strategies and practical interventions.
433 However, WGS data suggests some FBOs have petsstains, and that many of the isolates could
434  be potential pathogens. Therefore, there is a ferdeBOs to continually assess control strategies
435 and practical interventions for the exclusiorLofnonocytogenes

436
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Table 1. Occurrence of L. monocytogenes by category of food product produced by the

food business.
Total L. monocytogenes % Samples

Food category samples positive Positive
Cooked meat 225 27 12.0
Horticultural 398 26 91
productse®

Sandwich 286 24 8.4
Baked goods 128 10 7.8
Salads 136 5 3.7
Seafood 144 2 14
Dairy 281 0 0.0
Total 1,598 94 5.8

Y1 ncludes mushrooms, vegetables and fruits



Table 2. Food premises yielding Listeria monocytogenes from the processing
environment and/or products. To maintain anonymity, the premiseslisted have been

designated in terms of thetype of principal products.

Number of isolates from each food
Products from food premises premises

Processing Food
environment swabs product

Cooked MeatsA*: pulled chicken, turkey and

beef 17 2
Cooked Meats B: pork from fresh and cured

meat 5 5
Sandwiches A: sandwiches, rolls and wraps 10 2
Sandwiches B: sandwiches, salads, wraps and

snacks 7 0

Sandwiches C: sandwiches, pasta and salad

bowls, coleslaw, potato salad 0 4
Sandwiches D: sandwiches 1 0
Processed mushrooms 12 7
Baked goods: cakes, pies, sausage rolls 10 0

Salads: green and pasta salads, chicken tuna and

€egg mixes 5 0
RTE raw fruit pieces in consumer packs 5 0
RTE processed fish/shellfish 2 0

RTE vegetable products 2 0



“Where more than one company manufactured a product type they have been designated
successively, as A, B etc.
Three food samples were positive and two of these samples yielded L. monocytogenes

isolates from both enrichment cultures and enumeration plates.



Table 3. Pulsotypes obtained from different food premises. To maintain anonymity

premiseslisted have been designated in terms of their principal products

Products of Food Premises Number of Number of Number of pulsotypes
pulsotypes persistent shared with other
pulsotypes  companies (persistent

isolates shared)

Cooked Meats A* 10 2 4 (1)
Sandwiches A 5 3 5(3)
Sdads 4 0 4
Cooked Meats B 2 1 0
Baked goods 4 2 1
Sandwiches B 3 0 1
RTE raw fruit 2 0 1
Sandwiches C 1 1 1
RTE vegetable products 2 0 2
RTE processed fish/shellfish 1 0 1
Processed Mushrooms 6 1 4(1)
Sandwiches D 1 0 1

“Where more than one company manufactured a product type they have been designated

successively, as A, B etc.



Table 4. Sequence types (ST) isolated from individual premises on morethan one occasion. To

maintain anonymity, the premiseslisted have been designated in terms of the type of

principal products.

Total number of

Number of
Productsfrom food premises sequence types Recurrent ST
recurrent ST
(ST)
Cooked Meats A™: pulled chicken,
turkey and beef 8 4 ST204
Cooked Meats B: pork from fresh
and cured meat 7 1 ST204
Sandwiches A: sandwiches, rolls
and wraps 4 1 ST204
Sandwiches B: sandwiches, salads,
wraps and snacks 4 1 ST6
Sandwiches C: sandwiches, pasta
and salad bowls, coledaw, potato
salad 3 1 ST6
Processed mushrooms 8 2 ST8, ST204
ST6, ST20, ST121,
Baked goods: cakes, pies, sausage
rolls 6 2 ST21, ST121
Salads: green and pasta salads,
chicken tuna and egg mixes 4 0
RTE® raw fruit pieces in consumer
packs 2 1 ST155

"Where more than one company manufactured a product type, they have been designated

successively, as A, B etc.
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Figure 1. Minimum spanning tree summarising the data from the PFGE profiles of the 94
isolates tested. The different colours represent different food companies. Within acircle, each
segment represents an isolate, while the circle represents a pul sotype where the i solates show
> 90% similarity. The length of the line between the circles represents the distance of the
relationship between the pul sotypes/isolates. Pulsotypes with only one isolate are represented

by a circle with no segments.
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PFGE-Ascl  Company Sample Date
Sandwiches A Swah — Floor infront of Sink 02/12/2016
Cooked Meats A Swab — Stainless Steel Shelf 02/12/2016
Sandwiches A Food — Chicken+Caramelised Onion 16/09/2016
. Salads Swah — Floor in front of Sink 02/12/2016
Processed Mushrooms Food —Crumbed Covered Mushrooms 10/09/2015
‘ l Sandwiches A Swab — Floor in front of Sink 13/11/2015
Processed Mushrooms Swab —Production floor Puddle 11/09/2015
- Salads Swab —Floor in front of Sink 16/09/2016
1 l Processed Mushrooms Swab —Production Drain 11/09/2015
Processed Mushrooms Swahb — Prep Conveyor Belt 13/11/2015
Processed Mushrooms Swab — Pack Machine Belt 10/09/2015

Figure 2. PFGE profiles showing similarity between L. monocytogenes isolates obtained from

different food premises.



PFGE-ApaldPFGE-Ascl  PFGE-Apal PFGE-Ascl Sample Company Date

Drain water Rol A 29/06/2016

Floor Rol B 29/06/2016

Bin Raol A 29/06/2016

Drain Rol A 29/06/2016

Drain NI 16/09/2016

Floor NI 23/03/2016

Conveyor Belt NI 16/09/2016

Table NI 16/09/2016

Floor Sandwich A 03/02/2016

L] | || || |j | | | | Drain NI 05/08/2016

Food NI 03/02/2016

Floor NI 03/02/2016

7 Floor Sandwich A 13/11/2015

| Ladder Rol A 31/08/2015

i Food NI 16/09/2016

— i Floor Sandwich A 10/07/2015
— i ‘I‘ Floor Sandwich A 02/09/2015
e — ? Floor Salad A 05/08/2016

Figure 3. PFGE profiles of L. monocytogenes from mushroom producers in the Republic of
Ireland (Rol) (A and B) compared with food producersin Northern Ireland (NI): a mushroom
producer (NI), sandwich maker (Sandwich A) and a salad producer (salad A). Dates are those

on which isolates were stored. The scale shows % similarity.



No Listeria monocytogenes were detected at 50% of the food processing facilities sampled

At 4°C none of the foods tested were predicted to support growth of Listeria
monocytogenes

There were 27 distinguishable pulsotypes in the 96 isolates tested

Sequence types detected can cause listeriosis



