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Listeria monocytogenes (L. monocytogenes) is a ubiquitous organism that can easily

enter the food chain. Infection with L. monocytogenes can cause invasive listeriosis.

Since 2014, in Austria, L. monocytogenes isolates from human and food/food-

associated samples have been provided on a mandatory basis by food producers

and laboratories to the National Reference Laboratory. Since 2017, isolates undergo

routinely whole genome sequencing (WGS) and core genome Multilocus Sequence

Typing (cgMLST) for cluster analyses. Aims of this study were to characterize isolates

and clusters of 2017 by using WGS data and to assess the usefulness of this isolate-

based surveillance for generating hypotheses on sources of invasive listeriosis in

real-time. WGS data from 31 human and 1744 non-human isolates originating from

2017, were eligible for the study. A cgMLST-cluster was defined as two or more isolates

differing by ≤10 alleles. We extracted the sequence types (STs) from the WGS data

and analyzed the food subcategories meat, fish, vegetable and diary for associations

with the ten most prevalent STs among food, through calculating prevalence ratios (PR)

with 95% confidence intervals (CI). The three most frequent STs among the human

isolates were ST1 (7/31; 22.6%), ST155 (4/31; 12.9%) and ST451 (3/31; 9.7%) and

among the non-human isolates ST451 (614/1744; 35.2%), ST8 (173/1744, 10.0%)

and ST9 (117/1744; 6.7%). We found ST21 associated with vegetables (PR: 11.39,

95% CI: 8.32–15.59), ST121 and ST155 with fish (PR: 7.05, 95% CI: 4.88–10.17, PR:

3.29, 95% CI: 1.86–5.82), and ST511, ST7 and ST451 with dairy products (PR: 8.55,

95% CI: 6.65–10.99; PR: 5.05, 95% CI: 3.83–6.66, PR: 3.03, 95% CI: 2.02–4.55). We

identified 132 cgMLST-clusters. Six clusters contained human isolates (ST155, ST1,

ST101, ST177, ST37 and ST7) and for five of those cgMLST-based cluster analyses

solely was able to hypothesize the source: an Austrian meat processing company, two

Austrian cheese manufacturers and two vegetable processing companies, one based in

Austria and the other in Belgium. Determining routinely STs in food isolates by WGS

allows to associate STs with food products. Real-time WGS of L. monocytogenes

isolates provided mandatorily, proved to be useful in promptly generating hypotheses

on sources of invasive listeriosis.

Keywords: Listeria monocytogenes, whole-genome sequencing, cgMLST, food isolates, cluster, surveillance,

trace back
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INTRODUCTION

Listeria monocytogenes (L. monocytogenes) is a Gram positive
bacterium, able to survive in extreme environmental conditions,
which enables the microorganism to cause food-borne infections
and outbreaks (Buchanan et al., 2017). Invasive listeriosis mainly
affects immunocompromised individuals, pregnant women and
the elderly (de Noordhout et al., 2014; Buchanan et al., 2017).
Contamination with L. monocytogenes can occur at any stage of
the food chain (farm, production and retail). Sliced products,
in particularly meat, have a significantly higher risk of being
contaminated with L. monocytogenes compared to unsliced
products (Chaitiemwong et al., 2014; Gómez et al., 2015).

Rapid and accurate typing methods of L. monocytogenes
isolates are indispensable for timely identification of molecular
clusters of isolates originating from food products, food-
associated surfaces and patients with listeriosis (Radoshevich and
Cossart, 2017). Whole Genome Sequence (WGS)-based typing,
and especially core genome (cg)Multilocus Sequence-based
Typing, is nowadays the preferred method for characterization of
L. monocytogenes by genoserogroup (SG), clonal complex (CC),
sequence type (ST), complex type (CT) and for cluster analyses to
hypothesize the sources of invasive listeriosis, in particular, when
information on patients’ food exposure is lacking (Buchanan
et al., 2017; Moura et al., 2017; Lüth et al., 2018). In Austria,
in the year 2017, WGS replaced PFGE for typing and cluster
analyses, using the cgMLST scheme established by Ruppitsch and
coworkers (Ruppitsch et al., 2015).

Since 2014 it has been mandatory for all Austrian
microbiological laboratories (public and private) or food
producers to provide L. monocytogenes isolates from human
cases and food or food-associated environments to the National
Reference Laboratory (NRL) for typing (acc. to §38 Abs. 1
Z 6 LMSVG and §74 LMSVG). The non-human isolates are
provided with information on the sample origin including food
matrix and a laboratory unique identifier. Also in 2014, as a
consequence of an outbreak of invasive listeriosis in Austria
in 2011 (Schmid et al., 2014), the Federal Ministry of Health
classified 600 food-producing companies as being at high risk
of contaminating their food production with L. monocytogenes,
which resulted in an intensified sampling scheme at these
companies. These activities together explain an increase in the
number of food/food-associated isolates at the NRL (almost
doubling between 2014 and 2017). From 2017 onward, any food
and food-associated isolate provided to the NRL is routinely
whole genome-sequenced. The occurrence of a single case of
invasive listeriosis prompts WGS and cgMLST-based cluster
analyses with all non-human isolates of the NRL-WGS database.
If no cluster with the clinical isolate is found, cgMLST analyses
will be extended to food/food-associated isolates, originating
from the years 2014 to 2016. In the event of a cluster of the
patient isolates with food/food-associated isolates, the national
Public Health (PH) authority is informed. At the discretion of
the National authority the local authorities are requested to check
the food safety measures at the site of the related producers. The
occurrence of a phylogenetically related case of listeriosis within
3 months prompts epidemiological investigations including food

exposure analysis, tracing analyses and targeted sampling of the
incriminated food processor(s) to test the hypothesis on the
outbreak source. Clusters containing only non-human isolates
are reported quarterly to the national PH authority.

The first aim of this study was to characterize human and
non-human isolates from the year 2017 by WGS, describe the
cgMLST-clusters found and identify associations between STs and
food groups. The second aim was to assess the usefulness of
routine WGS of mandatorily provided human and food/food-
associated isolates of L. monocytogenes for promptly generating
and testing hypotheses on sources of invasive listeriosis.

MATERIALS AND METHODS

Isolates of L. monocytogenes
WGS data from 1,960 L. monocytogenes isolates including 36
human and 1924 non-human isolates, recovered from Austrian
samples in the year 2017, were available at the SeqSphere+

database (Ridom© GmbH, Münster, Germany). The human
isolates originated from patients with invasive listeriosis. The
human cases were characterized by month of occurrence and
province of residence. The non-human isolates were described
by category (i.e., food, food-associated surfaces and environment)
and subcategory (food) of origin based on information provided
by the referral laboratories.

Analysis of the WGS Data
From the WGS data, we extracted the SGs, based on the five
SG-associated genes, as described (Doumith et al., 2004), the CC
(Ragon et al., 2008), the conventional ST, based on the seven
housekeeping genes as described by Salcedo et al. (2003), and
the CT, based on the previously mentioned cgMLST scheme
containing 1,701 target genes (Ruppitsch et al., 2015). In case
of a previously unknown ST, a new ST was assigned by the
pubMLST database1 curators. All isolates from the year 2017
were characterized by SG, CC, ST and CT. We compared the
findings on SGs with traditional serotyping by sero-agglutination.
For cluster detection, we generated Minimum Spanning Trees
(MSTs) based on the core genome targets. A cluster was defined
as a group of at least two isolates, human or non-human,
differing from each other by ≤10 alleles, according to the
previously established cluster threshold (Ruppitsch et al., 2015).
An outbreak-cluster was defined as a cluster including human
isolates from at least two patients with invasive listeriosis;
otherwise we classified the clusters as “single case-cluster”
including a clinical isolate from one patient besides non-human
isolates or “non-human cluster” including no clinical isolate. The
clusters were described by SG, ST and CT. The outbreak cluster
and single case-cluster were used to generate hypotheses on the
L. monocytogenes source by trace-back analyses.

Statistical Analysis
We analyzed the association between the ten most prevalent
L. monocytogenes STs and the food subcategories by calculating

1https://bigsdb.pasteur.fr/listeria/
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prevalence ratios (PR) with 95% confidence intervals (CI). Data
entry and analyses were performed using STATA 13.0 (STATA
Corp., College Station, TX, United States).

RESULTS

Study Cases and Isolates
Between January 1 and December 31, 2017, 32 cases of
invasive listeriosis (31 culture confirmed) were reported to the
listeriosis case-based Austrian surveillance system (incidence
0.36/100,000 inhabitants). Supplementary Figure S1 illustrates
the cases by month of occurrence and province of residence.
Seven cases peaked in September, including six cases from five
neighboring Austrian provinces. Another peak included five
cases in December 2017.

After exclusion of isolate duplicates (n = 88), isolates of
low sequence data quality (≤90% good targets) (n = 5), non-
invasive isolates (n = 2), isolates of Listeria species other than
L. monocytogenes (n = 1), non-Austrian isolates (n = 49),
isolates with no data of origin (n = 7) and isolates of external
quality assessments (n = 33), 1,775 L. monocytogenes isolates
(31 human and 1744 non-human isolates) remained for WGS-
based characterization and cluster analyses. We identified five
SGs, 53 CCs, 71 STs and 475 CTs. The findings of the WGS-based
genetic profile of the human isolates are displayed in Table 1.
Briefly, the 31 human isolates were assigned to SGs IIa, IIb, IIc,
IVb and 4a/4c, which was in accordance to the results of the
traditional seroagglutination (data not shown). The two most
prevalent SGs were IIa (18/31; 58.1%) and IVb (10/31; 32.3%)
and the three most prevalent STs were ST1 (7/31; 22.6%), ST155
(4/31; 12.9%) and ST451 (3/31; 9.7%).We found 14 different CCs,
15 STs and 29 CTs.

Among the non-human isolates, 82% belonged to SG IIa
(1425/1744), 7.2% to IVb (125/1744), 5.8% to IIc (102/1744),
5.2% to IIb (91/1744) and 0.1% to 4a/4c (1/1744; 0.1%). We
identified 44 different CCs, 70 STs and 449 CTs. The three most
frequent CCs were CC451 (614/1744; 35.2%), CC8 (173/1744,
10.0%) and CC7 (151/1744; 8.7%) and the three most frequent
STs were ST451 (614/1744; 35.2%), ST8 (173/1744, 10.0%) and
ST9 (117/1744; 6.7%).

Isolates by Categories/Subcategories of
Sample Origin
Based on the information provided by the referral laboratories
or food producers, we could allocate the non-human isolates to
three categories of sample origin: “food,” from which 832 isolates
originated, “food-associated surface” samples, which yielded 849
isolates, and “others” including mainly environmental isolates
(compost, gully, feed and animal samples), fromwhich 63 isolates
originated (Table 2). Supplementary Table S1 gives the ten most
prevalent STs by category of isolate origin. Among the category
food, the ten most frequent STs were 7, 8, 9, 21, 37, 121, 155, 451,
504 and 511, accounting for 70.7% of all food isolates (588/832).
The four most frequent subcategories of isolates from food origin
weremeat (463/832, 55.7%), dairy products (126/832, 14.1%), fish
(85/832, 10.2%) and vegetables (75/832, 9%).

TABLE 1 | Human isolates of L. monocytogenes (n = 31) by SG, CC, ST and CT,

recovered from cases of invasive listeriosis in Austria, 2017.

Isolates SG CC ST CT

1 IIa 7 7 4609

2 7 7 5772

3 7 511 5421

4 20 20 1242

5 29 29 4467

6 29 29 5553

7 37 37 4438

8 37 37 4384

9 101 101 1086

10 101 101 4436

11 155 155 1234

12 155 155 1234

13 155 155 5425

14 155 155 4403

15 177 177 5915

16 451 451 4607

17 451 451 5758

18 451 451 3996

19 IIb n.a.∗ 1460 4378

20 2 2 6171

21 IVb 1 1 6219

22 1 1 4446

23 1 1 4446

24 1 1 5633

25 1 1 4090

26 1 1 1285

27 1 1 5734

28 2 2 5730

29 6 6 6211

30 315 249 6199

31 4a, 4c 203 1461 2761

∗No CC assigned by pubMLST database. Gray rows display isolates from

epidemiologically linked cases.

Association Between STs and Food
Products
We tested the four most frequent food subcategories of isolate
origin, including meat, fish, vegetable and dairy products, for
associations with the ten most frequent STs of the food isolates
(Table 3). Meat isolates were 1.32 (95%CI: 1.1–1.5), 1.7 (95%CI:
1.6–1.9), 1.31 (95%CI: 1.1–1.5) and 1.66 (95%CI: 1.6–1.8) times
more likely to be of ST8, ST9, ST37 and ST504, respectively,
compared with the non-meat isolates. Fish isolates were 7.5
(95%CI: 4.9–10.2) and 3.3 (95%CI: 1.9–5.8) more likely to
be of ST121 and ST155, respectively, compared with non-fish
isolates. Isolates from dairy products were 5.1 (95%CI: 3.8–6.7),
3.03 (95%CI: 2.0–4.6) and 8.6 (95%CI: 6.7–11.0) times more
likely to be of ST7, ST451 and ST511, respectively, compared
with non-dairy isolates. Vegetable isolates were 11.4 (95%CI:
8.3–15.6) times more likely to be of ST21, compared to non-
vegetable products.
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TABLE 2 | Non-human isolates (N = 1744) by category of sample origin and food

subcategory, Austria, 2017.

Categories/Sub Categories n %

Food 832 47.7

Meat 463

Dairy 126

Fish 85

Vegetable 75

Bread and derivatives 12

Egg 4

Mixed food 39

Seafood 5

Food not further defined 23

Food-associated surface◦ 849 48.7

Others∗ 63 3.6

∗Animal organs, water, compost, feed and gully. ◦Secondary product or surface

within the food production process.

TABLE 3 | The 10 most frequent STs among the 832 food isolates and their

association with the four most frequent L. monocyogenes positive food

subcategories; PR [95%CI], 2017.

ST Isolates Meat Fish Dairy Vegetable

n % PR 95% CI PR 95% CI PR 95% CI PR 95% CI

9 110 13.2 1.7 1.6–1.9 0.2 0.0–0.6 0.1 0.0–0.4 0.0 n.a.

121 99 11.9 0.8 0.7–1.0 7.0 4.9–10.2 0.0 n.a. 0.3 0.1–1

511 77 9.3 0.2 0.1–0.4 0.0 n.a. 8.6 6.7–11.0 0.3 0.1–1

8 74 8.9 1.3 1.1–1.5 1.0 0.5–2.0 0.2 0.0–0.7 0.6 0.2–1.6

37 60 7.2 1.3 1.1–1.5 0.0 n.a. 1.1 0.6–2.0 0.2 0.0–1.3

7 42 5 0.4 0.2–0.7 0.0 n.a. 5.1 3.8–6.7 0.6 0.1–2.2

451 41 5 0.5 0.3–0.9 0.5 0.1–2.1 3.0 2.0–4.6 1.3 0.4–3.2

21 30 3.6 0.3 0.1–0.6 0.0 n.a. 0.0 n.a. 11.4 8.3–15.6

504 30 3.6 1.7 1.6–1.8 0.0 n.a. 0.0 n.a. 0.0 n.a.

155 28 3.4 1.1 0.8–1.4 3.3 1.9–5.8 0.0 n.a. 0.0 n.a.

Description of the Clusters
The cgMLST analyses revealed 303 singletons and 132 clusters
containing 1,472 isolates, whereas more than one isolate per
sampled food product could have been included in a cluster.
Among the 132 clusters, there were two outbreak-clusters

(Cluster A and B) and four single case-clusters (Cluster C,
D, E and F), as displayed in Table 4, and 126 non-human
clusters. Of the 126 non-human clusters, 67 (53.2%) clusters
included food isolates only (i.e., food cluster), 12 (9.5%)
contained isolates from food-associated surfaces exclusively,
five (4.0%) environmental isolates only and other 42 clusters
contained a mixture of food, food-associated surface and
environmental isolates: 26 food/food-associated surfaces
clusters, 12 food/environmental cluster, three food-associated/
environmental clusters and one cluster of food/food-
associated surface/environmental isolates.

When analyzing the ST frequency distribution among the
non-human clusters, we found in the 67 food-clusters, ST121
most prevalent (15/67; 22.4%), followed by the ST9 (10/67; 14.9)
and ST1 (5/67; 7.5%). Among the other non-human clusters, as
described above, there was no predominant ST.

WGS-Based Surveillance for Generating
Hypothesis on Sources of Invasive
Listeriosis
The outbreak-cluster, cluster A (IIa, CC155, ST155, CT1234)
contained invasive isolates from seven patients, which occurred
from November 2015 to September 2017. The meager
information on patients’ food exposure did not reveal any
common link. By retrospective cgMLST of food and food-
associated surface isolates we were able to identify the outbreak
strain among isolates from food/food-associated samples,
collected in September and October, 2015. The matching
food/food-associated isolates were traced back to an Austrian
meat processing company (Pietzka et al., 2019). The outbreak
strain was detectable at the company until May 2018. The second
outbreak-cluster, cluster B (IVb, CC/ST1, CT4446), contained
isolates from two patients, who occurred in July and September
2017. The food isolates of the cluster originated from meat and
processed meat samples, which had been collected 3 months
prior to the primary outbreak case. The outbreak B strain was
detectable in meat samples until November 2018. Each of the
four single-case clusters included isolates from one invasive
listeriosis case besides food/food-associated isolates: Cluster
C (SGIIa, CC/ST101, CT4436), cluster D (SGIIa, CC/ST177,
CT5915), cluster E (SGIIa, CC/ST37, CT4438) and cluster
F (SGIIa, CC/ST7, CT4609. Cluster C: after the detection

TABLE 4 | The human isolate including clusters (A–F) described by genetic profile of the causative L. monocytogenes strain, by time of case occurrence, and month/year

of food/food-associated surface sampling, from which the outbreak/cluster strain originated, Austria, 2015–2018.

Cluster Type Month/year of case

occurrence

Month/year of food/food-associated

sampling, from which the outbreak/

cluster strain originated

Food subcategory Description of the clusters

Cluster ID SG ST CT

7-case outbreak-cluster 2015, 11 – 2017, 09 2015, 09 – 2018, 05 Meat, fish, mixed food A IIa 155 1234

2-case outbreak-cluster 2017, 07, 09 2017, 04 – 2018, 11 Meat B IVb 1 4446

Single case-cluster 2017, 09 2017, 03, 12 – 2018, 08 Frozen vegetables C IIa 101 4436

Single case-cluster 2017, 11 2017, 11 Frozen vegetables D IIa 177 5915

Single case-cluster 2017, 07 2017, 03 Cheese products E IIa 37 4438

Single case-cluster 2017, 05 2017, 05 Cheese products F IIa 7 4609
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of a human case in September 2017, the patient strain was
found among isolates, which had been recovered in March
2017, from private samples of an Austrian retailer of frozen
vegetable, processed in Belgium. Cluster D: the patient strain
matched with isolates from private samples of frozen spinach
of a wholesaler of frozen vegetables, collected in the same
month as the case occurred. Cluster E was traced back to a
small Austrian sheep cheese producer. The cheese isolates
originated from a sampling conducted 4 months prior to the case
occurrence. For cluster F useful information on the patient food
exposure was available to hypothesize the source of infection.
Detecting the patient strain in cheese samples, collected from
the case-patient’s refrigerator, implicated an Austrian cheese
producing company as the most likely source of the invasive
listeriosis. Figure 1 illustrates the clusters A-F described by
type of cluster (2 outbreak-clusters, 4 single case-clusters),
time-span of detection of the outbreak/cluster strain in human
and non-human samples and time of implementation of the
isolate-based surveillance of L. monocytogenes, including the
measures adopted to make isolates available for typing as well as
the typing methods.

DISCUSSION

Our study describes for the first time the findings of
a WGS-based characterization of human and non-human
L. monocytogenes isolates and their clusters, detected in the
year 2017 in Austria. It also illustrates the usefulness of
a mandatory isolate-based surveillance of L. monocytogenes
combined with routineWGS for promptly generating and testing
hypotheses on the sources of invasive listeriosis. Due to the
legal obligation for all Austrian microbiological laboratories to
provide human and non-human isolates of L. monocytogenes
to the NRL, the NRL has created a large collection of

L. monocytogenes isolates from 2014 onward. Since 2017 any
provided L. monocytogenes isolate has been whole genome-
sequenced at the NRL.

ST1 was the most prevalent ST among human isolates of
the year 2017. The predominant occurrence of this ST in
invasive listeriosis cases has been previously reported (Chenal-
Francisque et al., 2011; Huang et al., 2015; European Centre
for Disease Prevention and Control [ECDC], 2016; Pontello
et al., 2016; Kuch et al., 2018). Almost half of the food isolates
with ST1 originated from meat products, despite this ST has
been associated to dairy products elsewhere (Maury et al.,
2019). ST1 caused a 2-case outbreak in 2017. By using the
NRL-WGS database, the outbreak strain could be promptly
detected among isolates from meat products, which had been
sampled 2 months before the first invasive case occurred.
This allowed to generate the hypothesis on the sources of the
invasive listeriosis while lacking epidemiological indications.
The involved meat products were traced back to five unrelated
meat processing companies. The related Ready-To-Eat meat
products fulfilled the microbiological safety criteria of the
Commission Regulation (EC) No 2073/2005 and the companies
were compliant with HACCP concepts. No further case due
this strain was reported. The second most common ST among
the human isolates, ST155, was the 10th most prevalent one
among the food isolates of the year 2017. ST155 was part
of two clusters in 2017, a non-human cluster of isolates
from fish samples and an outbreak, containing isolates of two
cases of invasive listeriosis of the year 2017. A retrospective
cgMLST-cluster analysis discovered the outbreak strain among
invasive isolates from five patients and among food isolates
from samples of the years 2015 and 2016, collected at an
Austrian meat processing company. Based on this finding,
the company could be suspected as the most likely source of
the seven cases-patients, whereas epidemiological information
failed to generate a useful hypothesis on the outbreak source.

FIGURE 1 | Clusters A–F by the year, when the human and food samples tested positive for the outbreak/cluster strain, and illustration of the setting up of the

Austrian isolate-based surveillance of L. monocytogenes.
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The control measures at the company were evaluated by
environmental and food monitoring for L. monocytogenes and
cgMLST of L. monocytogenes isolates, which were still detected
in 2017 and the first half of 2018, until the strain was
eliminated from the company in May 2018 (Pietzka et al.,
2019). ST155 has been previously reported to be related with
meat products in Switzerland, but also with fish products in
Nigeria (Meier et al., 2017; Nwaiwu et al., 2017). Among
the Austrian food isolates from the year 2017, isolates from
fish products were three times more likely to be ST155.
We found also ST155 associated with meat products, when
having included the food isolates from 2018 in the analyses
(data not shown). The third most common ST among the
human isolates was ST451, causing three cases and accounting
for 5% of the food isolates of the year 2017. The three
human ST451 isolates and the majority of the food isolates
were distinguishable from each other by cgMLST. To our
knowledge, ST451 has been found in single patients from
Germany and France, in 2017 and 2018 (Moura et al., 2017;
Halbedel et al., 2018) and in samples from poultry (Ebner
et al., 2015) and a farm environment in Switzerland (Dreyer
et al., 2016). None of these strains clustered with the Austrian
patient strains of the year 2017. ST451 accounted for 68%
of the 2017 food-associated surface isolates, of which 90%
were part of a single non-human cluster (CT4422). This could
be traced back to a cheese producing company in Austria.
Concordantly, we found dairy products three times more likely
to be associated with ST451 than other food products. However,
ST511 was even stronger associated with dairy products. The
two dominating ST511 strains (CT4383 and CT4445) of the
2017 in Austria originated from two different dairy products
and were both distinguishable from the one clinical isolate
of the year 2017 (15 allelic differences). We found dairy
products also strongly related to ST7, which was part of
three cgMLST-clusters in 2017. ST37 was identified in 10
non-human cgMLST-clusters, of which nine were associated
with meat products. Other studies, carried out in Austria,
linked ST37 to non-food processing environments such as
compost, soil or water (Linke et al., 2014). A ST37 cluster
of the year 2017, containing the isolate from a single case-
patient, could be traced back to an Austrian small sheep cheese
manufacturer. The matching cheese isolate originated from a
sampling, performed 4 months prior to the case occurrence.
Again, only the routine WGS of the obligatorily provided
isolates to the NRL allowed to promptly hypothesize the most
likely source, even for a single case of invasive listeriosis. The
same holds true for two cases of invasive listeriosis, one due
to L. monocytogenes ST101, occurred in September 2017 and
the other due to ST177, occurred in December 2017. Without
the WGS database from the isolate-based surveillance the
sources of both invasive cases could not have been hypothesized
as information on food exposure and buying behavior did
not give any clue.

L. monocytogenes isolates from meat products were found
to be associated with the STs 8, 9, and 504. These three
STs were part of 23 cgMLST-clusters among meat isolates.
As no clinical isolate was involved, there were no further

investigations initiated. The associations of ST8 and ST9 with
meat products were already described (Henri et al., 2016; De
Cesare et al., 2017; Nastasijevic et al., 2017; Fagerlund et al.,
2018; Sosnowski et al., 2019). ST121 caused 19 non-human
cgMLST clusters in 2017. Association between ST121 and fish
products has been previously described (Knudsen et al., 2017;
Meier et al., 2017). L. monocytogenes isolates from vegetable
products showed to be associated with ST21, which was detected
in six different non-human clusters among vegetable, meat and
food-associated surface isolates, but not in clinical isolates of
the year 2017. Interestingly, ST21 was previously reported to
be associated with rodents, birds or the environment (Linke
et al., 2014; Zuber et al., 2019) but, to our knowledge, is
infrequent in humans.

The Austrian isolate-based surveillance of L. monocytogenes
with routine WGS-based cluster analysis for tracing sources
of L. monocytogenes contamination could be improved by
the following certain measures. In particular, the information
given on the origin of the isolates should be ascertained in a
standardized way using a uniform questionnaire by the referral
laboratories and food producers. Secondly, overestimation of
food associations with STs and of cluster extension due to
overrepresentation of isolates originated from one sampled food
as explained by the sampling procedure (i.e., five subsamples
per food à 25 g) cannot be excluded in our dataset. Only one
representative of indistinguishable isolates per sampled food
should be used for analyses of association and clusters. This
requires exact labeling of each sample per food and food-
associated surface.

CONCLUSION

In conclusion, routine WGS of obligatorily provided isolates of
L. monocytogenes showed to be useful in promptly generating
hypotheses on the sources of invasive listeriosis. In 2019,
ECDC-EFSA recommended to introduce routine WGS of
human and non-human L. monocytogenes isolates across Europe
(European Centre for Disease Prevention and Control [ECDC]
et al., 2019) to generate a European-wide molecular typing
database (Nielsen et al., 2017). Currently, in the year 2019,
Austria is one of the three EU countries having already
established this routine WGS of all isolates for surveillance
of L. monocytogenes in 2017 (European Centre for Disease
Prevention and Control [ECDC] et al., 2019). By making all
isolates of L. monocytogenes available for typing by law in
2014, Austria is likely to capture the majority of isolates for
continuous cluster analysis, whether they originated from food
or human sources, and from private or public laboratories.
Austria can expect by using its surveillance system in the
upcoming years to detect more clusters, to identify unrecognized
sources of L. monocytogenes, to link more cases of listeriosis
with a likely source and to stop outbreaks earlier, as it
has been observed by the Centers for Disease Control
and Prevention (CDC) following implementation of a real-
time WGS-based surveillance of L. monocytogenes in 2013
(Jackson et al., 2016).
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