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ABSTRACT 

Listeria monocytogenes is widely distributed in meat products and the meat-

processing industry thus posing a risk to consumers. The aim of this study was to 

evaluate the suitability of the multilocus variable-number tandem-repeat analysis 

(MLVA) for use as a L. monocytogenes subtyping technique for surveillance and 

routine control in meat products and meat processing plants. A collection of 113 

isolates (including control strains and isolates from meat products and meat processing 

plants) were subject to MLVA analysis using two different platforms for fragment sizing: 

1.) ABI 3730xl DNA analyzer (Life Technologies) as the reference method and 2.) the 

QIAxcel Advanced System (Qiagen). Although discrepancies in fragment sizing were 

observed it was possible to standardize the results in order to assign the same allele 

for a given fragment independently of the platform used for fragment sizing. MLVA and 

multilocus sequence typing (MLST) results were compared and yielded Simpson’s 

diversity indices of 0.907 and 0.872, respectively. The congruence between both typing 

methods was measured with the adjusted Wallace coefficient (AW). Using MLVA as 

the primary method, AW= 0.946 suggested that MLVA can predict the sequence type 

with high accuracy. Given its discriminatory power and high throughput, MLVA could be 

considered a rapid, reliable, and high-throughput alternative to existing subtyping 

methods for surveillance and control of L. monocytogenes in the meat-processing 

industry. 
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1. Introduction 

Listeria monocytogenes is a ubiquitous bacterium that is known as the causative 

agent of human listeriosis, an important foodborne disease with a high fatality rate 

particularly in high-risk population such as the elderly, immunocompromised patients, 

pregnant woman and newborn infants. In The European Union, there has been an 

increasing trend of listeriosis during the period 2008-2015.  A total of 1,524 confirmed 

human listeriosis cases were reported in 2015 with a fatality rate of 17.7% (EFSA-

ECDC, 2016). 

L. monocytogenes is widely distributed in food-processing environments (Ferreira, 

Wiedmann, Teixeira, & Stasiewicz, 2014; Martin et al., 2014; Paoli, Bhunia, & Bayles, 

2005; Tompkin, 2002) thus posing a risk of contamination of food products. 

Contaminated foods are consider the main vehicle for listeriosis (Scallan et al., 2011) 

particularly ready-to-eat (RTE) foods, which are intended to be consumed without 

further processing. Outbreaks and sporadic cases of listeriosis are generally 

associated to the consumption of those RTE foods such as soft cheese, smoked fish, 

vegetables and meat and meat products (Buchanan, Gorris, Hayman, Jackson, & 

Whiting, 2017; EFSA-ECDC, 2016). 

Characterization of L. monocytogenes strains is needed in order to determine its 

virulence potential, for surveillance purposes and epidemiological tracking (Kathariou, 

2002; Swaminathan & Gerner-Smidt, 2007). Among the 13 described serotypes of L. 

monocytogenes, serotypes 1/2a, 1/2b and 4b are implicated in most cases of human 

listeriosis and outbreaks (Clark et al., 2010; Doumith, Buchrieser, Glaser, Jacquet, & 

Martin, 2004; EFSA-ECDC, 2015, 2016; Pagotto, Ng, Clark, & Farber, 2006). On the 

other hand, serotype 1/2c are commonly described in food-processing environments 

and food products (Gelbicova & Karpiskova, 2009; Martin et al., 2014; Thévenot et al., 

2006) but it has rarely been implicated in human listeriosis cases (Orsi, den Bakker, & 

Wiedmann, 2011). 
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Molecular typing methods are crucial for the identification and monitoring clonal 

groups of L. monocytogenes along the food chain. There are many molecular methods 

currently available for typing L. monocytogenes isolates differing in discriminatory 

power and epidemiological concordance (EFSA BIOHAZ Panel, 2013; van Belkum et 

al., 2007). Pulsed-field gel electrophoresis (PFGE) has been long considered the “gold 

standard” method for L. monocytogenes subtyping because of its high discriminatory 

power, reproducibility and repeatability (Gerner-Smidt et al., 2006; Lukinmaa, 

Aarnisalo, Suihko, & Siitonen, 2004). However, PFGE is considered a laborious and 

time-consuming technique with limited data portability (EFSA BIOHAZ Panel, 2013; 

Heir, Lindstedt, Vardund, Wasteson, & Kapperud, 2000). Nowadays, sequence-based 

typing methods provide unambiguous and portable data that can be useful not only for 

typing purposes, but also for the study of the population structure and evolution of this 

pathogen (Nightingale, 2010). Multi-locus sequence typing (MLST) is a well stablished 

sequenced-based typing method for studying population genetics of L. monocytogenes 

(Salcedo, Arreaza, Alcala, de la Fuente, & Vazquez, 2003) providing an easy and 

unambiguous inter-laboratory exchange of data through public databases (Nightingale, 

2010). Multi-virulence-locus sequence typing (MVLST) has also been used as a 

sequence-based approach for L. monocytogenes genotyping showing an excellent 

epidemiological concordance (Y. Chen, Zhang, & Knabel, 2007; Zhang, Jayarao, & 

Knabel, 2004). Nevertheless these techniques generally show a limited discriminatory 

power (den Bakker, Didelot, Fortes, Nightingale, & Wiedmann, 2008; EFSA BIOHAZ 

Panel, 2013; Ragon et al., 2008) for their use in the surveillance of L. monocytogenes. 

The advent of next generation sequencing technologies has dramatically reduced the 

cost of DNA sequencing making whole-genome sequencing (WGS) a convenient tool 

for molecular epidemiology and foodborne outbreak investigations (Datta, 

Laksanalamai, & Solomotis, 2013); thus, it is rapidly becoming the method of choice for 

L. monocytogenes genotyping in national reference laboratories. On the other hand, 

WGS is still prohibitive for most routine laboratories and generates massive amount of 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

5 
 

data requiring intensive bioinformatic analysis, especially for testing a large number of 

isolates. Recently, multiple-locus variable number of tandem repeat analysis (MLVA) 

has been emerged as a powerful method to subtype food-borne pathogens such as 

Salmonella enterica serotypes Typhimurium and Enteritidis (Heck, 2009; Lindstedt, 

Heir, Gjernes, & Kapperud, 2003), Escherichia coli O157:H7 (Cooley et al., 2007) and 

L. monocytogenes (Lindstedt et al., 2008; Miya et al., 2008; Murphy et al., 2007; 

Sperry, Kathariou, Edwards, & Wolf, 2008). The approach is based on the detection of 

the number of tandem repeats at multiple variable-number tandem repeat loci 

distributed along the genome. Typically, multiplex PCR is used to amplify the tandem 

repeats and flanking regions and the amplification products are sized using capillary 

electrophoresis. MLVA is considered an easy and low-cost method which provides 

rapid and portable results with a high discriminatory power (Lindstedt et al., 2008; 

Sperry et al., 2008). 

 In this study, we have applied MLVA to subtype a collection of L. 

monocytogenes strains isolated from meat-processing plants using both an automatic 

sequencer and/or capillary electrophoresis for amplicon sizing. MLVA results were 

compared to those previously obtained with MLST to evaluate the discriminatory power 

of the technique for its implementation in systematic environmental and product 

monitoring in meat processing plants. 

2. Material and methods 

2.1. L. monocytogenes isolates 

A total of 106 isolates of L. monocytogenes were obtained from meat products and 

meat processing plants. Ninety-six isolates were collected from 18 meat processing 

plants, including 53 isolates from RTE meat products (fermented sausages, dry ham, 

blood sausages and other cured pork products), 10 isolates from raw meat products 

(beef and pork) and 33 isolates from food contact surfaces.  In addition, 10 isolates 
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from the IRTA collection (recovered from meat products) were also analyzed. Seven 

control strains of L. monocytogenes, EGDe, ScottA, ATCC 35152 (equivalent to 

CIP104794), ATCC 19112 (equivalent to SLCC2372), ATCC 19114 (equivalent to 

SLCC2374), ATCC 19117 and CECT4032 (equivalent to F646/86) were used to 

calibrate the MLVA method.  

The serotype and sequence type (ST) of the 106 isolates were previously 

determined by us (Martin et al., 2014). For control strains, ST and serotype was 

obtained from the Listeria MLST Database hosted at the web site of the Institut Pasteur 

(http://bigsdb.pasteur.fr/listeria/) and from Chenal-Francisque et al. (2011) and 

Cantinelli et al. (2013). 

2.2.  DNA extraction from L. monocytogenes isolates. 

Genomic DNA was extracted using DNeasy® blood and Tissue kit (Qiagen GmbH, 

Hilden, Germany) and the QIAcube® automated sample preparation system (Qiagen). 

Cultures were grown overnight at 37ºC in Triptic Soy Broth (BD, Sparks, MD) and 1 ml 

was centrifuged at 9,000 x g for 5 min; the pellets obtained were resuspended in 180 µl 

of lysis buffer (35 mg/ml lysozyme in 20 mM Tris-HCl pH 8.0, 2 mM EDTA, 1.2% Triton) 

and the enzymatic lysis step was programmed at 37ºC for 1 h. DNA was eluted in 150 

µl of AE buffer (10 mM Tris-HCl, 0.5 mM EDTA pH 9.0),  quantified using Quant-It™ 

high sensitivity DNA assay kit (Invitrogen, Merelbeke, Belgium) and adjusted to 20 

ng/µl. The DNA was split into aliquots and stored at -20ºC for further use in PCR. 

2.3. MLVA  

The MLVA procedure was conducted using the eight primer pairs proposed by 

Sperry et al. (Sperry et al., 2008; Sperry, Kathariou, Edwards, & Wolf, 2009) and two 

different multiplex-PCR protocols were performed. The first protocol consisted in two 

4-plex PCR reactions as in the reference protocol but using different dyes to label 

forward primers (Table 1),  the Type-it Microsatellite PCR Kit (Qiagen), 0.2 µM of each 

http://bigsdb.pasteur.fr/listeria/
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primer (all purchased at Life Technologies) and 2 µl of DNA. After amplification, 

fluorescent PCR products were resolved by automated capillary electrophoresis on an 

ABI 3730xl DNA analyzer (Life Technologies) with GeneScan-500 LIZ size standard 

(Life Technologies) using commercial GeneScan service (Macrogen Inc). Fragment 

sizes obtained were then analyzed using the Peakscanner software version 1.0 

(ThermoFisher Scientific). The second protocol consisted in 3 different multiplex-PCR 

reactions of 25 µl final volume using also the Type-it Microsatellite PCR Kit and the 

same primers (0.2 µM each) but not labelled. PCR reaction one (PCR1) contained 

primers for amplification of locus Lm-2, Lm-23 and Lm-32, the second PCR (PCR2) 

contained primers for locus Lm-3 and Lm-5 and the third PCR (PCR3) contained 

primers for locus Lm-8, Lm-10 and Lm-11. Thermal cycling conditions consisted of a 

denaturation step at 95ºC for 5 min and 35 cycles of  30 s at 94ºC, 30 s at 50ºC and 

30 s at 72ºC and a final extension step at 72ºC  for 5 min. All amplification reactions 

were performed in a thermal cycler GeneAmp PCR System 2700. The high-resolution 

capillary electrophoresis device QIAxcel Advanced System (Qiagen) was used to 

determine the size of PCR products. After PCR amplification, PCR plates were directly 

loaded onto the system. The QIAxcel DNA High Resolution kit was used applying the 

method OM800 (separation time of 920 s at 5 kV) with the Alignment Marker 15-600 

bp (Qiagen). Each QIAxcel run included a QX DNA size Marker 25-600 bp (Qiagen). 

Fragment sizing was performed using software QIAxcel Screengel v 1.4.0 (Qiagen). 

2.4. Data analysis 

Estimated fragment size, dye (when present), peak height, and area data for each 

isolate were exported into Bionumerics Software v. 7.6 (Applied Maths, Sint-Martens-

Latem, Belgium). With the first protocol (fragments size determined with ABI 3730xl 

DNA analyzer), seven control strains (EGDe, ScottA, ATCC 35152, ATCC 19112, 

ATCC 19114, ATCC 19117 and CECT4032) were used to calibrate the system and 
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adjust the offsets (Table 1) to obtain the same copy number for each VNTR locus as 

the reference study (Sperry et al., 2008). Null alleles were coded as negative (-2). 

Results obtained with the second protocol (fragments size determined with QIAxcel 

advanced System) were calibrated according the results obtained with the automated 

sequencer. A look-up table was constructed for allele assignment containing the 

different alleles obtained for each locus and the corresponding observed fragment size 

(Table 2). This table was used as a mapping list in Bionumerics MLVA plugin for 

determining VNTR copy numbers. 

The relationship among L. monocytogenes isolates was studied with the minimum 

spanning tree (MST) using categorical coefficient and the unweighted-pair group 

method with arithmetic mean (UPGMA). Both analysis were performed with 

Bionumerics software. Simpson’s diversity index (SID) as described by Hunter and 

Gaston (1988) was used to measure genetic diversity among isolates. An index greater 

than 0.90 is considered desirable if the typing results are to be interpreted with 

confidence (Hunter & Gaston, 1988). The degree of congruence among MLVA and 

MLST was calculated using the adjusted Wallace coefficient (AW), which indicates the 

probability that two strains classified as the same type by one typing method will also 

be identified as the same type by the other method (Carrico et al., 2006). Both index 

were calculated using the Comparing Partitions tool available online 

(http://www.comparingpartitions.info/).  

3. Results 

3.1. Optimization of L. monocytogenes MLVA  

A total of 106 isolates previously recovered from meat processing plants and meat 

products (RTE and raw products) were submitted to MLVA typing. In addition, 7 control 

strains were also analyzed to first stablish the correct offset to obtain the same copy 

number for each locus. L. monocytogenes ATCC 19117 was not analyzed in the study 

http://www.comparingpartitions.info/
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carried out by Sperry et al. (2008), but as the complete genome sequence of this strain 

(Sumrall, Klumpp, Shen, & Loessner, 2016) together with that of strains EGDe (Glaser 

et al., 2001) and ATCC 19112 (Kuenne et al., 2013) have been determined, the real 

fragment size of the amplified fragments (determined in silico) were also taken into 

account for the establishment of the offsets. The MLVA typing system using ABI 3730xl 

for fragment sizing could be adjusted to obtain the same MLVA profiles previously 

published except for strain EGDe, which showed a different copy number for locus Lm-

23 (20 instead of 19). In our hands, fragment analysis of locus Lm-23 in EGDe using 

ABI 3730xl automated sequencer was 229.70 bp, instead of 221.99 bp as previously 

described by Sperry et al. (2008) using a different sizing platform. Nevertheless, in 

silico MLVA analysis of EGDe showed a fragment of 231 bp for locus Lm-23, closer to 

our results and for that reason we decided to maintain the difference in that locus.  

Fragment sizing was also carried out using QIAxcel Advanced System. Overall, 

discrepancies between QIAxcel results and the reference values obtained with ABI 

3730xl were observed (Table 2), being QIAxcel values consistently lower than the 

reference values.  Differences augmented along with the increase of the PCR fragment 

length. Highest differences were observed among PCR fragments longer than 380 bp 

(mainly locus Lm-2), showing a difference from expected values of 4 to 14 bp. To 

overcome discrepancies among sizing platforms, a look-up table containing fragment 

size ranges for all alleles was constructed taking into account the results obtained with 

the reference method (using ABI 3730xl automated sequencer). This look-up table was 

used in Bionumerics software to assign the number of repeats at each locus. Using this 

approach, the concordance between both sizing methods was 100%. 

3.2. L. monocytogenes distribution in meat products and meat processing plants by 

MLVA. 

A total of 27 different MLVA profiles (Fig. 1) were obtained considering all the 

isolates from meat products, food processing plants and control strains (N=113). 
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Without control strains (N=106), the number of MLVA unique profiles was 24.  Most 

common MLVA profiles were 19-3-5-4-6-2-20-13 assigned to MLVA Type (MT) 1 

(22.3% of isolates) and 15-3-5-4-1-4-37-14 (MT2, 15.2% of isolates).  Isolates from the 

IRTA collection (recovered from RTE meat products in different years) displayed 7 

different MTs, but common to the MTs displayed by others isolates from meat products 

and /or food-contact surfaces (MT1, MT2, MT7, MT8 and MT16), except for MT15 

(which included two IRTA collection isolates) and MT19 (one single isolate). 

The suitability of MLVA to stablish the contamination patterns of L. monocytogenes 

in meat processing plants was also evaluated. Fig. 2 shows the dendrogram generated 

with the isolates (N=96) recovered from the 18 meat processing plants evaluated on 

the basis of MLVA data, the source information, in addition to serotype and ST. The 

isolates showed 21 different MTs distributed throughout the meat processing plants. 

MT1 was the most frequent genotype, represented by 23 isolates and detected in 12 of 

the plants studied. MT2 (corresponding to ST121) was represented by 16 isolates 

recovered from several plants (8 out of 18). In contrast, 11 different MTs were only 

detected in one single plant. Although, MLVA identified more types than MLST, similar 

results were obtained regarding to the source tracking of isolates, and 25 of the 

isolates recovered from meat products showed the same genotype as isolates 

collected from food contact surfaces of their respective production plants. 

3.3. Evaluation of the MLVA subtyping method in comparison with MLST 

The discriminatory power of the MLVA subtyping method was evaluated comparing 

the results with the previously obtained by MLST (Martin et al., 2014). The number of 

MLVA unique profiles obtained was 27 corresponding to the 22 different allelic profiles 

previously identified by MLST. Most STs could be clearly differentiated or even further 

subtyped into different MTs; ST9 could be split in four different MTs and ST8, ST3 and 

ST1 in two unique MTs each. In contrast, ST122 (corresponding to control strain 

ATCC 19112) could not be distinguished from ST9 isolates. 
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Clustering analysis of MLVA data was highly consistent with MLST analysis and 

interestingly, isolates belonging to the same ST clustered together. MLVA identified 

some clonal complexes (CC) in accordance with MLST data, CC9 (that included ST9, 

ST625 and ST35 isolates), CC8 (including ST8 and ST16 isolates), CC3 (composed 

by two MTs of ST3 isolates) CC1 (composed by three MTs) and CC87 (composed by 

three MTs). In contrast, two different ST isolates (ST12 and ST204) clustered together, 

while by MLST they belong to different CCs. Table 3 shows the different MLVA profiles 

found in relation with the serotypes and STs previously described. Simpson’s diversity 

index (SID) was calculated based on different genotypes obtained to assess 

discrimination ability of both MLST and MLVA. The diversity of the complete panel of 

isolates (N=113) was SID=0.907 by MLVA and slightly lower by MLST (SID=0.872). 

Differences in diversity were observed among serotypes (Table 3). Serotype 1/2a 

(N=41) demonstrated the highest diversity, regardless the subtyping method used 

(SID=0.796 by MLVA and SID=0.778 by MLST). Serotype 1/2b (N=19) also showed a 

high diversity index (SID=0.754) when using MLVA, but clearly lower by MLST 

(SID=0.556). Serotype 4b (N=14) showed also a higher diversity index by MLVA than 

by MLST, SID=0.659 and 0.513 respectively. However, the most relevant difference 

was in serotype 1/2c (N=37), where diversity was almost double by MLVA (SID=0.493) 

compared to MLST (SID=0.246). The adjusted Wallace coefficients (AW) obtained 

were AWMLVA→MLST=0.946 (CI=0.857-1.000) and AWMLST→MLVA=0.660 (CI=0.518-0.802). 

These values indicated that ST was well predicted by MLVA but MT was less well 

predicted by MLST. 

4. Discussion 

Molecular typing of L. monocytogenes isolates has an important role in meat-

processing plants in order to identify contamination and spread routes of this pathogen. 

Currently typing methods used including PFGE, MLST and recently WGS, present 

several drawbacks for their use in food control laboratories, such as the intensively 
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work required and the high cost. MLVA is an alternative molecular typing method with 

practical advantages including its rapidity, ease of use and low cost  (EFSA BIOHAZ 

Panel, 2013; van Belkum et al., 2007). In this study, we have optimized a MLVA 

protocol to discriminate among L. monocytogenes isolates recovered from meat 

products and meat processing plants using two different sizing technologies and 

comparing the results with those of MLST. 

MLVA is based on the accurate sizing of PCR amplified DNA fragments by 

capillary electrophoresis. Nevertheless, important differences between measured and 

real fragment lengths are commonly observed (Larsson, Torpdahl, Nielsen, & Group, 

2013) mainly attributed to the different capillary electrophoresis platforms and reagents 

used for fragment sizing (Hyytia-Trees, Lafon, Vauterin, & Ribot, 2010). In this sense, 

the use of a standardized MLVA method to normalized fragment size data is a must. 

Efforts for standardization have been carried out for MLVA analysis of some food-borne 

pathogens (Hyytia-Trees et al., 2010; Larsson et al., 2013) and although several MLVA 

schemes for typing L. monocytogenes have been published (S. Chen, Li, Saleh-Lakha, 

Allen, & Odumeru, 2011; Chenal-Francisque et al., 2013; Lindstedt, 2005; Murphy et 

al., 2007; Saleh-Lakha et al., 2013) none of them has been established as the standard 

method. Among the MLVA methods available, we chose the MLVA scheme developed 

by Sperry et al. (2008) intended to be implemented in Pulsenet Laboratories and 

adapted it to be used with ABI 3730xl. Offsets had to be adjusted in order to maintain 

the copy numbers of VNTR loci previously published to obtain comparable results. 

Nevertheless, it was not possible to calculate an offset for locus Lm-23 to maintain the 

copy number of this locus for all control strains (EGDe, showed a higher copy number, 

20 instead of 19). Some authors recommends the use of an established set of 

calibration strains to convert the discrepancies between real (sequenced) and 

measured fragment length to obtain comparable results between laboratories 

independently of the capillary electrophoresis platform used (Larsson et al., 2013). This 
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implies that each new allele must be verified by sequencing but it would avoid errors in 

copy number assignation due to discrepancies on measured fragment lengths. 

Apart from the results obtained using ABI 3730xl, MLVA was also carried out using 

QIAxcel Advanced System (developed by Qiagen), an automated capillary 

electrophoresis platform that constitutes an alternative to the methods based on 

separation of fluorescent-labelled PCR fragments using automated sequencers. This 

platform has been successfully used for MLVA genotyping of several bacterial species 

other than L. monocytogenes (De Santis et al., 2013; Gauthier et al., 2015; 

Nikolayevskyy et al., 2016; Takahashi et al., 2014) leading to shorter turnaround times, 

technical simplicity and cost effectiveness what can be of great interest for small food 

control laboratories. In this study, discrepancies on size fragment were observed 

between both platforms, mainly in fragments higher than 380 bp. The results obtained 

with ABI 3730xl were taken as reference values and a look-up table containing 

fragment size ranges was constructed for allele assignment as previously suggested to 

overcome discrepancies on fragment size data among platforms (Hyytia-Trees et al., 

2010). In this way, concordance between both sizing platforms was 100%, concluding 

than QIAxcel is an effective and affordable alternative to automated sequencers that 

exhibit adequate performance after accurate validation. 

MLVA was compared with the widely used MLST scheme of Institute Pasteur that 

stablishes a common nomenclature for L. monocytogenes genotypes. High level of 

congruence was obtained between both molecular typing methods suggesting that 

MLVA can be routinely used as an alternative method to MLST. Similar results of 

agreement between MLVA and MLST was also obtained by other authors (Chenal-

Francisque et al., 2013) although a different MLVA scheme was applied for genotyping 

L. monocytogenes isolates recovered from different sources (mainly human). Most STs 

could be differentiated by MLVA and all MLST clonal complexes could be also 

identified. This level of congruence could be explained by a similar level of variation in 
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both MLVA and MLST markers (Chenal-Francisque et al., 2013) and by the low level of 

genetic recombination in L. monocytogenes (Cantinelli et al., 2013; den Bakker et al., 

2010; Ragon et al., 2008). Recombination is more prevalent in lineage II than in lineage 

I, which is more affected by positive selection (Cantinelli et al., 2013; den Bakker et al., 

2008). Regarding most prevalent STs found, MLVA confirmed the clonal origin of 

ST121 isolates whereas ST9 was more diversified by MLVA than by MLST. 

Interestingly, MLVA could also distinguished one single ST9 isolate that showed a 

different virulence type (VT95) from the others as reported in a previous study (Martin 

et al., 2014) . From our results, it is possible to deduce ST from the MT obtained 

although this encompass the MLST analysis of every newly described MT.  

Discriminatory power of MLVA varies depending on the MLVA scheme used and the 

collection of isolates evaluated. In our study, MLVA showed a higher discriminatory 

power than MLST and differences were observed regarding the serotype and ST of the 

isolates. Several studies showed a discriminatory power of MLVA similar or even 

higher than PFGE (Li et al., 2013; Saleh-Lakha et al., 2013) whereas others showed 

lower discrimination of MLVA (Chenal-Francisque et al., 2013; Sperry et al., 2008). 

Chenal- Francisque et al. (2013) showed that discrimination power of MLVA is 

dependent on the clonal complex, being highly efficient in the discrimination of CC9 

and CC4 isolates. In accordance with this results, we also showed a high diversity 

among ST9 isolates, the most prevalent among the isolates studied, what could 

underline the utility of MLVA for subtyping L. monocytogenes isolates in meat-

processing environments to identify the sources of contamination and improve the 

safety of meat products.  

5. Conclusions 

Our results show that MLVA could be used as a rapid and reliable subtyping 

method for L. monocytogenes isolates in meat-processing plants. It permits to track the 

spread of clones and the persistence of particular subtypes and can be an efficient and 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

15 
 

high- throughput tool to improve food safety control and L. monocytogenes 

surveillance. 
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 Figure Captions 

 

Fig.1. Minimum spanning tree analysis of the 113 isolates of L. monocytogenes 

based on MLVA data. Each circle corresponds to one MT and the size of the circle 

reflects the number of strains within that type. Numbers inside each circle represent the 

ST of the isolates. The connection lines between circles differ based on the number of 

different alleles between the corresponding MTs; bold lines correspond to one different 

allele, plain lines to two alleles, dashed lines to three alleles and doted lines to 4 or 

more alleles. Grey zone surrounding some circles indicate that these types belong to 

the same clonal complex. Control strains were also included in the analysis and they 

are indicated in the figure.  

 

Fig.2. UPGMA dendogram of the 96 Isolates collected from meat-processing 

plants and either from the food-contact surfaces sampled or the meat products 

elaborated in each plant. Characteristics of each isolates including serotype, MT (MT), 

sequence type (ST), source and meat-processing plant of isolation are indicated. Some 

isolates presenting the same characteristics are grouped together and number of 

isolates (N) are indicated.  

a MT, MLVA Type. 

b Source: FCS, Food-contact surface. When indicated (clean), food-contact 

surfaces were sampled prior processing but after cleaning and disinfection; RMP, Raw 

meat product; RTE, Ready-to-eat meat product. 

 



Figure
Click here to download high resolution image

http://ees.elsevier.com/foodres/download.aspx?id=599894&guid=6ac0e193-5617-40ab-818e-f6e3e4647e13&scheme=1
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Table 1. Parameters for the calculation of VNTR loci copy numbers with the ABI 

3730xl platform. 

 

 

VNTR 
locus 

Offset 
Repeat size 

(bp) 
Min value Max Value Tolerance 

Reaction group 
/fluorescent dye 

Lm-2 291 6 11 20 3 R1 / VIC 

Lm-8 185 15 3 4 7 R1/ NED 

Lm-10 316 6 3 9 3 R1/ 6-FAM 

Lm-11 100 12 1 6 6 R1/ 6-FAM 

Lm-3 200 9 1 9 4 R2/ VIC 

Lm-15 318 12 1 7 6 R2/ 6-FAM 

Lm-23 169 3 15 42 1.5 R2/ NED 

Lm-32 83 6 10 21 3 R2/ 6-FAM 

 

Table



Table 2. Fragment size ranges obtained with ABI 3037xl and QIAxcel Advanced 

System. 

ABI 3037xl QIAxcel Advanced System 

Locus 
Copy 
No. 

Fragment size 
range (bp) Mean SD

a
 

Fragment size 
range (bp) Mean SD 

No of 
isolates 

Min Max Min Max 

Lm-2 11 355.4 355.4 - - 351 351 351.0 - 1 

 
15 380.8 381.2 381.0 0.14 368 373 371.1 1.55 32 

 
16 386.8 387.3 387.0 0.18 374 378 375.3 1.11 30 

 
17 392.8 394.9 393.5 0.54 380 383 381.3 1.02 9 

 
18 398.9 399.6 399.4 0.32 384 388 386.7 1.41 6 

 
19 405.7 405.8 405.8 0.03 390 394 391.3 1.15 35 

     
  

     Lm-8 3 231.7 233.0 232.3 0.26 226 231 228.2 1.14 101 

 
4 247.1 248.2 247.4 0.32 242 246 243.9 1.04 12 

     
  

     Lm-10 3 334.4 334.4 334.4 0.00 332 332 332.0 0.00 3 

 
5 344.4 347.9 346.7 0.46 337 344 342.3 0.94 102 

 
6 349.3 349.3 349.3 - 345 345 344.9 - 1 

 
7 357.3 357.3 357.3 0.03 352 355 353.3 1.04 7 

     
  

     Lm-11 -2 . . . . . . . . 13 

 
1 109.4 109.4 109.4 0.01 109 109 109.0 0.11 3 

 
4 147.4 150.7 147.6 0.42 143 148 144.8 0.76 64 

 
5 163.0 163.4 163.1 0.11 158 161 159.9 1.00 25 

 
6 175.0 175.5 175.2 0.15 170 172 171.5 0.95 8 

     
  

     Lm-3 -2 - - - - - - - - 1 

 
1 209.6 211.3 209.9 0.32 206 212 209.4 1.36 42 

 
2 219.2 220.2 219.7 0.67 215 216 215.5 0.70 2 

 
3 228.4 230.1 228.9 0.54 225 227 225.6 0.72 10 

 
4 237.9 239.2 238.6 0.92 233 233 233.0 0.00 2 

 
5 246.8 248.4 247.2 0.60 241 244 242.7 1.05 12 

 
6 255.6 257.7 256.1 0.65 250 254 252.0 0.98 28 

 
8 272.7 274.2 273.0 0.58 267 271 269.2 1.62 5 

 
9 280.6 281.0 280.8 0.18 276 279 278.0 0.98 11 

     
  

     Lm-15 2 342.2 342.8 342.5 0.13 333 339 334.9 1.18 59 

 
3 353.6 354.8 354.3 0.30 345 350 346.7 1.81 11 

 
4 364.6 365.3 364.8 0.32 356 360 357.9 1.12 28 

 
5 376.3 376.5 376.4 0.06 372 374 373.0 0.83 14 

 
6 387.2 387.2 387.2 . 380 380 379.9 - 1 

     
  

     Lm-23 -2 - - - - - - - - 4 

Table



 
10 198.8 198.8 198.8 - 201 201 200.9 - 1 

 
18 222.7 222.7 222.7 - 224 224 223.9 - 1 

 
20 228.3 229.9 228.6 0.49 229 232 230.2 0.63 40 

 
23 236.7 236.9 236.8 0.08 235 237 236.5 0.99 4 

 
29 252.7 255.9 254.2 0.92 253 255 253.6 0.72 19 

 
33 265.9 267.2 266.4 0.54 265 267 265.8 0.85 10 

 
35 271.1 272.3 271.4 0.52 271 271 270.6 0.15 7 

 
37 280.0 281.0 280.3 0.45 282 283 282.3 0.49 17 

 
41 290.1 291.2 290.7 0.45 293 294 293.7 0.38 9 

 
42 295.1 295.1 295.1 . 297 297 297.0 - 1 

     
  

     Lm-32 -2 - - - - - - - - 1 

 
13 160.7 161.0 160.8 0.08 163 165 163.7 0.64 57 

 
14 166.2 166.4 166.3 0.06 169 171 169.7 0.58 21 

 
17 183.7 183.9 183.8 0.06 186 188 187.2 0.75 24 

  18 189.7 189.8 189.7 0.03 192 195 193.5 0.88 10 

 

a Standard deviation 

 

 

 



Table 3. MLVA subtyping of L. monocytogenes isolates in relation with serotypes and 

sequence types (ST). 

Serotype 
Simpson's index (SID) 

ST MLVA Type MLVA profile
a
 N

b 

MLST MLVA 

1/2a 0.778 0.796 431 23 17-3-5-4-1-6-18-14 1 

  
  

11 12 16-3-5-1-1-2-NA-14 3 

  
  

121 2 15-3-5-4-1-4-37-14 17 

  
  

155 6 16-3-5-4-1-2-29-13 6 

  
  

204 22 17-3-5-NA-1-2-20-13 1 

  
  

26 19 18-3-5-4-2-3-23-13 1 

  
  

31 24 16-3-5-NA-3-4-10-13 1 

  
  

12 27 15-3-5-NA-1-2-20-13 1 

  
  

16 21 17-3-5-NA-4-2-41-13 1 

  
  

8 11 16-3-5-NA-5-2-41-13 3 

  
  

  7 17-3-5-NA-5-2-41-13 5 

  
  

35 18 18-3-5-4-4-2-20-13 1 

       1/2b 0.556 0.754 224 20 17-3-6-4-2-4-NA-17 1 

  
  

3 8 16-3-5-5-8-5-29-17 4 

  
  

  4 16-3-5-5-9-5-29-17 7 

  
  

87 26 15-3-7-5-3-4-35-17 1 

  
  

  5 16-3-7-5-3-4-35-17 6 

       1/2c 0.246 0.493 122 1 19-3-5-4-6-2-20-13 1 

  
  

625 10 19-3-5-4-5-2-20-13 4 

  
  

9 1 19-3-5-4-6-2-20-13 25 

  
  

  9 19-3-5-4-9-2-20-13 4 

  
  

  15 18-3-5-4-6-2-20-13 2 

  
  

  17 19-3-5-4-8-2-20-13 1 

       4b 0.513 0.659 1
C
 16 15-4-5-5-1-3-33-18 2 

  
  

  3 15-4-5-6-1-3-33-18 8 

  
  

2 13 15-3-3-5-1-5-23-17 2 

  
  

194 14 18-4-5-5-3-4-29-17 2 

       4a 
  

136 42 11-3-5-NA-NA-2-42-NA 1 

4d     2 5 15-3-3-5-1-5-23-17 1 
 

a MLVA allele profile was presented in an allelic string as follows: Lm-2/Lm-8/Lm-10/Lm-11/Lm-

3/Lm-15/Lm-23/Lm-32. NA denotes a null allele at this locus 

b Number of isolates that share the same MLVA type. 

Table



C The ST of one isolate showing MT16 (CECT4032) was not determined, therefore it has not 

been considered to calculate SID value for MLST in serotype 4b. 



L. monocytogenes isolates 

MLVA Typing using two platforms 

ST11 

ST155 

ST625 

ST9 

ST9 

ST9 
ST35 

ST26 

ST122 

ST1 

ST1 

ST12 
ST204 

ST431 

ST121 

ST8 

ST8 

ST136 

ST16 

ST31 
ST194 

ST87 

ST87 

ST224 ST2 

ST3 

ST3 

1) Reference method: ABI 3730xl DNA analyzer (Life 

Technologies) 

2) QIAxcel Advanced System (Qiagen)  

*Graphical Abstract




