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Introduction
The presence of Listeria monocytogenes in food plants is a 
matter of great concern since the ability of this organism to 
colonize and persist in food processing plants increases the 
risk of food contamination. To date there is no agreement on 
the definition of “persistence”, nevertheless, strains 
repeatedly isolated over time in the same plant are 
considered persistent (Pasquali et al., 2018). The reasons 
beyond the persistence of some strains of L. monocytogenes 
in food processing plants are also still on debate. It has been 
proposed that the persistence is due to opportunistic 
colonization of harbourage sites. Alternatively, persistent 
strains have been linked to their ability to produce biofilms, 
and recently also to the resistance to quaternary ammonium 
compounds (QAC) generally used for sanitation (Cherifi et al., 
2018). In this study, we investigated the prevalence and the 
persistence of L. monocytogenes strains along the production 
plants of one dairy and one meat processing plant in Central 
Italy.

Materials and methods
Sampling was performed in 6 sessions, from March 2017 to May 2018, and 30-35 environmental samples were 
collected per session in each plant, from food-contact and non food-contact surfaces across different production 
areas.  L. monocytogenes isolates were characterized by serotyping and PFGE according to the PulseNet protocol. 
DNA was also subjected to Next Generation Sequencing (NGS) using NextSeq 500 Illumina platform in standard 
150 bp paired-end reads.  Quality control was performed by FastQC and trimming was carried out by Trimmomatic 
(Bolger et al., 2014). A de novo assembly was performed by Spades 3.11 (Nurk et al., 2013) and in silico MLST 7 
loci was defined. The cgMLST analysis was carried out by chewBBACA (Silvia et al., 2018) using the Pasteur 
Institute scheme for L. monocytogenes and for a higher resolution SNPs analysis was performed using kSNP3 
(Shea et al., 2015). Finally, contigs from persistent strains were uploaded to the Pasteur Institute platform 
(https://bigsdb.pasteur.fr) and queried for ”Metal and Detergent Resistance” loci.

Results 
A total of 15 out of 190 (8%) environmental samples were 
positive for L. monocytogenes in the dairy processing plant, 
and 28 out of 200 (14%) in the meat processing plant. Isolates 
from dairy plant were serotyped as 1/2c, whereas in meat 
processing plant three different serotypes 1/2a, 1/2b, 1/2c 
were found. As result of the cgMLST analyses, a single cluster 
was observed in the dairy processing plant, represented by 
two detected pulsotypes (GX6A12.0002-GX6A16.0007, 
GX6A12.0001-GX6A16.0007) and a single sequence type 
(ST9). The isolates of this cluster were always found in two 
different refrigerating rooms of the plant during sampling 
sessions (Figure 1). SNPs analysis confirmed high similarity 
among the isolates of the cluster (max distance 11 SNPs), 
except for samples DPP6 and DPP12 for which the distance 
observed was about 45 SNPs compared to the other isolates 
(Figure 2). In meat processing plant, cgMLST analysis 
highlighted two main clusters (Figure 3) in almost all sampling 
sessions and in all plant production areas, even after 
sanitation procedures. Cluster 1 includes 13 strains 
attributable to single pulsotype (GX6A12.0349-GX6A16.0255) 
and belonging to a novel sequence type never described 
before, while Cluster 2, composed by 11 strains, was 
represented by different pulsotypes (GX6A12.0104-
GX6A16.0002, GX6A12.0140-GX6A16.0002, GX6A12.0103-
GX6A16.0002) but a single sequence type (ST121). No metal 
and detergent resistant genes were found in the persistent 
strains of the dairy plant nor in the strains belonging to the 
Cluster 1 of the meat plant. Differently, all the 11 strains of the 
meat plant Cluster 2 harbor the transposon Tn6188 
responsible for tolerance to benzalkonium chloride.

Discussion and Conclusions 
These results show that persistence is a constant evidence into both food producing plants investigated. CgMLST and SNPs analysis improved the identification of the clusters, being 
able to characterize the strains with high resolution. The 11 strains of the meat plant Cluster 2 containing Tn6188, belonged to the ST121. This is one of the most prevalent STs 
worldwide and it has been isolated as a persistent type in food and food-associated environments (in particular in meat and meat products) in different countries (Ortiz et al. 2016). The 
presence of the Tn6188 responsible for tolerance to benzalkonium chloride could explain the persistence features of the Cluster 2 isolated in the meat plant. Conversely, the reason 
why the strains of the dairy plant and those of the Cluster 1 of the meat plant can persist in the food processing environment still needs elucidation. In conclusion, genomics may give a 
crucial help to put in place different cleaning procedure in case of persistent strains. Further investigation will include the assessment of biofilm formation ability and phenotypic 
resistance to quaternary ammonium compounds of the persistent L. monocytogenes strains. Based on the results of the sampling, cleaning and sanitation procedures have been 
modified in both dairy and meat plants. The ability to differentiate between sporadic and persistent strains using WGS data highlighted in this study is a key element for risk 
management actions to avoid recurrent food contamination. 
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Figure 1. Minimum spanning tree of cgMLST analysis 
perfomed on dairy processing plant samples (DPP).

Figure 2. Neighbor joining tree of SNPs analysis perfomed on 
dairy processing plant samples (DPP).

Figure 3. Minimum spanning tree of cgMLST analysis performed 
on meat processing plant samples.
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