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Abstract: Listeria monocytogenes is not only a pathogen causing a serious food-borne disease in humans but can also 
occur as a saprophyte in the natural environment. This study aimed to evaluate the occurrence of L. monocytogenes 
obtained from the natural environment of the Czech Republic (hereinafter Czechia) and Slovakia in 2016–2018 and 
to compare the clonal relationship of strains circulating in the environment with the strains originating from the food 
chain and humans. Altogether, 217 samples of mud, surface water, vegetation and soil were collected in 61 locations. 
Samples were processed according to the modified EN ISO 11290-1 standard. The obtained L. monocytogenes isolates 
were characterised using serotyping, macrorestriction analysis, followed by pulsed-field gel electrophoresis, whole ge-
nome sequencing (WGS), and antimicrobial susceptibility testing. L. monocytogenes were detected in 8.8% of the ex-
amined samples and were isolated in 15 locations, mainly from the mud from the banks of the surface water sources. 
Altogether, 25 L. monocytogenes strains were obtained from 19 positive samples. Serotypes 1/2a, 4b, and 1/2b were 
detected among the strains. Twenty combined AscI/ApaI pulsotypes were obtained by macrorestriction analysis. Alto-
gether, 12 sequence types (STs) were detected using Multi-locus sequence typing (MLST) by WGS, with ST451 being 
the most frequent. The core genome MLST analysis revealed a heterogeneous population of environmental strains. 
No  phenotype resistance was detected by  antimicrobial susceptibility testing. Screening of  antimicrobial-resistance 
genes using the platform ResFinder revealed the genes fosX in 24 isolates and blaTEM-116 in one isolate. The occur-
rence of L. monocytogenes in various samples from natural environments within wide altitude range during different 
seasons of the year may highlight this bacterium's remarkable adaptability and exceptional tolerance to external factors. 
Serotype distribution of  the strains circulating in  the natural environment of Czechia and Slovakia seems to  reflect 
distribution in the human population more than in the food chain.
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In humans, Listeria monocytogenes can cause se-
vere illness affecting mainly risk groups of population, 
e.g.  pregnant women, new-borns, elderly and immu-

nocompromised people (Vazquez-Boland et  al.  2001; 
Gray et al. 2006). In nature, L. monocytogenes can usu-
ally be  found in soil, surface water and decaying veg-
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etation. Potential reservoirs of this bacterium are wild 
and domesticated animals, especially cattle and small 
ruminants, which represent a significant source of fae-
cal contamination of  the farm environment (Nightin-
gale et al. 2004; Khan et al. 2016). Proximity to farms 
appeared to be associated with higher detection rates 
of  L.  monocytogenes in  nature (Sauders et  al.  2006; 
Strawn et al. 2013). The presence of L. monocytogenes 
in  the natural environment represents a  permanent 
source of contamination for the human food chain at the 
level of  primary food production (Khan et  al.  2016). 
Development of  agriculture and the associated crea-
tion of artificial agroecosystems can contribute to the 
transmission of L. monocytogenes into the human food 
chain through contaminated crops and livestock prod-
ucts (Vivant et al. 2013). The ability of L. monocytogenes 
to survive and multiply under adverse stress conditions 
in the complex ecosystem of nature is affected by exter-
nal factors such as water content, temperature, pH, soil 
matrix composition or by the presence of a competitive 
microbiota (McLaughlin et  al.  2011). Internal factors 
facilitating adaptation to external environments possi-
bly include the expression of specific genes, e. g. genes 
encoding cell transport mechanisms, carbohydrate-
catalysing enzymes or genes allowing utilisation of car-
bon or nitrogen compounds in soil (Vivant et al. 2013; 
Lourenco et al. 2022).

Prevalence and diversity of  L.  monocytogenes have 
been monitored in various natural environment-associ-
ated sources, e.g. in flowing and standing water (Rasch-
le et al. 2021; Gorski et al. 2022), in wastewater (Paillard 
et al. 2005; Serhat et al. 2021), in soil (Claxton et al. 2021), 
in  vegetation (Linke et  al.  2014) and in  faeces of  wild 
animals (Wang et al. 2017; Cao et al. 2018). In Czechia, 
a  study assessing the occurrence of  L.  monocytogenes 
in  the wild, farm environment and in  vegetation was 
performed in 2010 (Gelbíčová and Karpíšková 2012).

The present study aimed to  evaluate the occur-
rence of L. monocytogenes in the natural environment 
of Czechia and Slovakia, to characterise the obtained 
isolates, and, based on  their genetic characteristics, 
to specify the L. monocytogenes circulating in the natu-
ral environment of Czechia and Slovakia and to com-
pare the clonal relationship of strains circulating in the 
environment with the strains originating from the food 
chain and humans.

MATERIAL AND METHODS

Environmental sampling. A  total of  217  environ-
mental samples (mud from the banks of  surface wa-

ter sources, surface water, vegetation, and soil) were 
investigated (see Electronic Supplementary Material, 
ESM, Supplementary Table S1). For each sample, the 
following information was recorded: sampling loca-
tion, the sampling point's altitude, and the sampling 
date. Samples were collected in  54  locations across 
Czechia (208 samples) and seven locations across Slo-
vakia (9 samples). One to  twenty samples were taken 
from each site. Based on  the nature and type of  land 
used by  humans in  the sampling point, all collected 
samples were further differentiated into samples origi-
nating from countryside/forest areas (153  samples, 
surroundings of villages, forests and wildlife with vari-
able occurrence and movement of  people), samples 
from agricultural areas (13  samples, cultivated fields 
and meadows, compost, silage), samples from urban 
areas (13  samples, towns, centres of  populated areas 
with high occurrence and movement of  people) and 
samples from recreation areas (38 samples, natural ar-
eas intended for recreation with high occurrence and 
movement of people).

Sampling took place from July  2016  to  Septem-
ber  2018  during spring (March–May), summer 
(June–August) and autumn (September–November) 
seasons. No sample was collected in winter. The high-
est proportion of  samples was collected in  summer 
(103/217, 47.5%), followed by autumn (60/217, 27.7%) 
and spring season (54/217, 24.9%).

Sampling was carried out in  lowlands (altitude 
0–300 m), hills (altitude 300–600 m), highlands (al-
titude 600–900 m) and mountains (altitude above 
900 m). Most samples were collected in hills (125 sam-
ples, 57.6%) and lowlands (77 samples, 35.5%), followed 
by highlands (10 samples, 4.6%) and mountains (5 sam-
ples, 2.3%). Samples were collected into sterile plastic 
50 mL tubes (mud, water) or 100 mL plastic containers 
(vegetation, soil) (Dispolab, Brno, Czechia) and were 
transported to the laboratory as soon as possible.

Isolation of L. monocytogenes. Samples were pro-
cessed immediately after delivery to  the laboratory. 
First, non-selective enrichment of  25 g  of  the sample 
in  buffered-peptone water (Oxoid, Ltd., Basingstoke, 
United Kingdom) followed by  selective enrichment 
in  Fraser Broth (Oxoid, Ltd., Basingstoke, United 
Kingdom) were performed. Then, were proceeded ac-
cording to  EN  ISO  11290-1  standard (Microbiology 
of food and animal feeding stuffs. Horizontal method 
for the detection and enumeration of  Listeria mono-
cytogenes  –  Part 1:  Detection method. International 
Organization for Standardization, Geneva) with sub-
sequent inoculation on  the chromogenic agar media 
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ALOA  (Oxoid, Basingstoke, United Kingdom) and 
Rapid'L.mono (Biorad, Hercules, California, USA). 
Suspected L.  monocytogenes colonies were selected 
based on  their morphology. From each L.  monocy-
togenes positive sample, a total of three suspected colo-
nies per plate were further characterised. Individual 
L. monocytogenes isolates were distinguished by sero-
typing and macrorestriction analysis and were stored 
in brain heart infusion (BHI) containing 20% glycerol 
at –75 °C for further analysis.

Serotyping. Slide agglutination using commercially 
available antisera (Denka Seiken, Tokyo, Japan) in com-
bination with the PCR  assay (Doumith et  al.  2004) 
were used.

Macrorestriction analysis. Macrorestriction analy-
sis followed by pulsed-field gel electrophoresis (PFGE) 
was performed in  accordance with the EU  Reference 
Laboratory protocol (Roussel et al. 2014) using restric-
tion enzymes AscI and ApaI (New England BioLabs, Ip-
swich, Massachusetts, USA). The results were analysed 
by BioNumerics software (version 5.2, AppliedMaths, 
Sint-Martens-Latem, Belgium). The parameters of the 
analysis were as follows: coefficient Dice, dendrogram 
type  UPGMA, optimisation 1.1% and band position 
tolerance 1.0%. Salmonella Braenderup  H9812, re-
stricted with XbaI enzyme (Takara, Kyoto, Japan), was 
used as a molecular weight marker. Strains originating 
from one sample, differing based on the results of mac-
rorestriction analysis, were selected for whole genome 
sequencing and antimicrobial susceptibility testing.

Whole genome sequencing (WGS). The  extrac-
tion of  genomic DNA  from the strains was carried 
out using the DNeasy Blood  &  Tissue kit according 
to  the manufacturer's instructions (Qiagen, Hilden, 
Germany). The  preparation of  sequencing libraries 
and the sequencing process were carried out by  the 
French Agency for Food, Environmental and Occupa-
tional Health & Safety (ANSES – Plouflagran labora-
tories, 19 strains) and the ICM Brain & Spine Institute 
in  Paris, France (6  strains). Genome assembling was 
performed using the Ridom SeqSphere+ software (Ri-
dom GmbH, Munich, Germany) and its integrated part 
Velvet (version 1.1.04).

Multi-locus sequence typing (MLST) based on  the 
sequencing of  seven housekeeping genes (abcZ, 
bglA, cat, dapE, dat, ldh, lhkA) according to  Ragon 
et al. (2008) was performed. Core genome multi-locus 
sequence typing (cgMLST) was performed at the level 
of  1701  genes, according to  Ruppitsch et  al.  (2015). 
The mentioned analyses were performed using Ridom 
SeqSphere+  software. The  WGS  data were released 

to  the European Nucleotide Archive (ENA), and the 
Sample Accession is available in the ESM (Table S1).

Antimicrobial susceptibility testing and detec-
tion of  antimicrobial-resistance genes. Phenotypic 
resistance to seven selected antimicrobials was tested 
by disk diffusion method using commercially available 
antibiotic disks (Oxoid, Ltd., Basingstoke, England) 
on  Mueller-Hinton agar (MH, Oxoid, Ltd., Basing-
stoke, England). The following antimicrobials and their 
concentrations were used: penicillin (1 U), erythromy-
cin (15 µg), gentamicin (10 µg), meropenem (10 µg), 
tetracycline (30 µg), trimethoprim-sulfamethoxazole 
(25 µg) and ampicillin (2 µg). The results were evalu-
ated according to  EUCAST criteria (EUCAST  2021) 
and for gentamicin and tetracycline according 
to Vela et al. (2001).

Detection of  genotypic resistance, i.e.  screening 
of  antimicrobial-resistance genes, was performed 
on the WGS data obtained from the isolates using the 
online platform ResFinder 4.1 (Florensa et al. 2022).

Statistical analysis. Prevalence of L. monocytogenes 
in relationship to i) source of isolation, ii) geomorpho-
logical area, and iii) season of the year was statistically 
evaluated using the Fisher's exact test (package stats) 
within the project R: A language and environment for 
statistical computing (R Core Team 2018).

RESULTS AND DISCUSSION

Prevalence of  L. monocytogenes in  the natural 
environment. The  study focused on  assessing the 
occurrence and characteristics of  L.  monocytogenes 
obtained from the natural environment during three 
years in the Czech and Slovak regions. 15 out of 61 in-
vestigated sampling locations (24.6%) were positive 
for the presence of L. monocytogenes. The bacterium 
was detected in 19 out of 217 analysed samples with 
an overall prevalence of 8.8%, which was comparable 
to the results obtained in other studies, e.g. 6% in Aus-
tria (Linke et  al.  2014), 4.4% in  the USA (Sauders 
et al. 2006), 13.3% in Iran (Nassirabady et al. 2015) and 
11.2% in  Czechia (Gelbíčová and Karpíšková  2012). 
The  results of  these studies may differ depending 
on  their type, sampling methodology and the detec-
tion method used. L.  monocytogenes were primar-
ily obtained from mud from the banks of the surface 
water sources (12 out of 70 samples, 17.1%), followed 
by vegetation (4 out of 52 samples, 7.7%), surface water 
(2 out of 55 samples, 3.6%) and soil (1 out of 40 sam-
ples, 2.5%). In total, 25 L. monocytogenes strains were 
obtained (ESM, Table S1).

https://cjfs.agriculturejournals.cz/esm/234/2022-CJFS/1.xlsx
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Assessment of  the impact of  sample origin. 
L.  monocytogenes was found in  all categories of  the 
investigated samples, with the significantly highest 
prevalence observed in  mud from the banks of  the 
surface water sources (8.3%) in  comparison to  other 
sources (P < 0.05). Most frequently, L. monocytogenes 
occurred in mud from the banks of ponds (7 positive 
samples). L. monocytogenes was also found in various 
types of vegetation: moss, plants, and decaying leaves 
(4  positive samples), less frequently in  surface water 
of  ponds and rivers (2  positive samples), and rarely 
in uncultivated (forest) soil (1 positive sample). The sig-
nificantly higher prevalence of L. monocytogenes found 
in mud (17.1%) compared to that found in soil (2.5%) 
could be linked to different humidity levels. However, 
it  is necessary to consider other contributing factors, 
such as  the type of sampling area, climate conditions 
and proximity to wild/domesticated animals.

Positive samples mostly (but not exclusively) repre-
sented typical isolation sources of  L.  monocytogenes 
from nature with high humidity, rich in  organic nu-
trients, proximity to  animal farms or  wild animals 
or proximity to human activities. Most of the positive 
samples (13/19) were collected in  countryside/forest 
areas, followed by  recreation (5/19) and the urban 
regions (1/19).

In studies conducted in  the USA  and Ireland, the 
prevalence of  L.  monocytogenes in  various cultivated 
and uncultivated soils was higher compared to  our 
research, up  to 50% (Nightingale et  al.  2004; Fox 
et  al.  2009; Sauders et  al.  2012; Claxton et  al.  2021). 
Higher prevalence in  flowing and standing water 
sources compared to  our study was also observed 
by  authors from Switzerland, Iran, Nigeria, and the 
USA, 13, 13.3, 33.3, and 41.9%, respectively (Raschle 
et al. 2021; Nassirabady et al. 2015; Mawak et al. 2009; 
Gorski et al. 2022).

Assessment of  the geomorphological aspects. 
Based on  the geomorphological aspects, the detected 
prevalence was as follows: mountains (40%), highlands 
(10%), lowlands (9%), and hills (7.2%), with the highest 
prevalence, observed in the mountains (40%, statistical-
ly insignificant, P > 0.05) compared to the other areas.

The largest numbers of  different strains were ob-
tained in hills (13 strains out of 9 positive samples) and 
lowlands (8  strains out of  7  positive samples),  which 
could be  associated with increased heterogeneity 
of L. monocytogenes in these areas, possibly due to dis-
persion  of  various strains via water courses (Linke 
et al. 2014), or  their transfer and spread via potential 
animal vectors.

The samples were collected at a wide altitude range 
of 170 to 1 837 m, and L. monocytogenes was detected 
at a range of 173 to 1 380 m. This wide range of detec-
tion may be linked to the tolerance of L. monocytogenes 
to variable temperatures and its adaptability to various 
external conditions.

The psychotropic nature of L. monocytogenes led the 
authors Linke et  al.  (2014) to  suggest its abundance 
in  cold-climate areas at  higher altitudes, which was 
not confirmed in their study; our results, however, are 
in  accordance with this presumption. The  high level 
of adaptability and exceptional resistance of L. mono-
cytogenes to  inhospitable environmental conditions 
was shown by two positive findings in the mountains 
at  the altitudes of  1 099 m (location  54) and 1 380 m 
(location  60). In  both cases, the place of  origin was 
mud from the water spring serving as drinking water 
source for tourists and wild animals. The  presence 
of  L.  monocytogenes near these water sources may 
be linked to an increase in the movement of people and 
wildlife around the springs and could also be  associ-
ated with the reduction of competitive microbiota due 
to specific year-round conditions (low average annual 
temperature, high average annual rainfall, long-lasting 
snow cover). From this point of view, particularly inter-
esting is the isolation of two different strains (LV1200, 
LV1201) from mud near the river spring in location 60, 
with an average annual temperature of 1.7 °C, an aver-
age yearly rainfall of 1 064 mm and a snow cover lasting 
approximately from October/November to April/May 
[Czech Hydrometeorological Institute (Český hydro-
meteorologický ústav)].

Assessment of  the seasonal aspects. The  alterna-
tion of  seasons in  the temperate zone could be  an-
other important factor influencing the circulation 
of L. monocytogenes in the natural environment. During 
the annual cycle, the population of  L.  monocytogenes 
is affected by multiple factors, including temperatures 
and their fluctuation, water availability, presence and 
activity of potential vectors and sufficient supply of or-
ganic nutrients.

Regarding the seasonal aspects, the prevalence re-
vealed in  our study was as  follows: autumn (15%), 
summer (8.7%) and spring (1.9%). Welshimer and 
Donker-Voet (1971) assumed that higher humidity 
and  an  increased proportion of  decomposing organ-
ic matter in  the spring season could lead to a higher 
detection rate of  L.  monocytogenes in  nature. In  our 
study, however, spring was the season with the signifi-
cantly lowest prevalence (P  <  0.05), whereas the sig-
nificantly highest prevalence was observed in autumn 
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(P  <  0.05). Authors from the United States obtained 
different results. Sauders et al. (2006) observed an al-
most steady prevalence in the spring, summer, and au-
tumn periods (1.3, 1.8, and 1.2%, respectively), while 
Gorski et  al.  (2022) observed the highest prevalence 
during winter and spring seasons.

Spring and autumn in the temperate zone have rela-
tively similar characteristics (e.g.  low temperatures, 
high humidity), and due to  the psychotropic nature 
of L. monocytogenes, its higher abundance in the natu-
ral environment during these seasons could be expect-
ed. However, specific conditions during these seasons 
in  a  particular year could be  very variable, and thus 
the results of  individual studies may differ. The high-
est prevalence of L. monocytogenes during the autumn 
season in our study could be associated with sufficient 
amounts and increased availability of  organic nutri-
ents or  increased movement and activity of potential 
vectors (especially wild animals) compared to  the 
spring season.

Characterisation of the environmental strains and 
comparison of  their serotypes and sequence types 
(STs) with L. monocytogenes in the food chain and 
humans. Subtypes of L. monocytogenes in the natural 
environment of  Czechia and Slovakia were revealed 
based on  the pheno- and genotyping methods used 
(see  ESM). Serotyping revealed three serotypes, with 
the most frequent serotype 1/2a (19/25, 76%), followed 
by 4b (5/25, 20%) and 1/2b (1/25, 4%). Lineage II strains 
(19/25, 76%) were distinctly more prevalent than lin-

eage  I  strains (6/25, 24%). Serotype 1/2a  also pre-
vailed in nature in a previous Czech study (Gelbíčová 
and Karpíšková  2012), as  well as  in other countries: 
Austria, France, Russia and Switzerland (Locatelli 
et al. 2013; Linke et al. 2014; Voronina et al. 2015; Ra-
schle et  al.  2021). On  the contrary, serotype 4b  was 
reported to be the most frequent in the USA (Gorski 
et al. 2022) and in France (Paillard et al. 2005). Similarly 
to our results, rare detection of serotype 1/2b in nature 
was reported in France and Russia (Paillard et al. 2005; 
Voronina et al. 2015). 

Serotype 1/2a  prevailed in  Czechia and Slovakia, 
also in  strains isolated from human listeriosis cases 
and from foods (Tomáštíková et  al.  2019; Kubicová 
et  al.  2021). In  both countries, the proportion of  in-
dividual serotypes in  the environmental strains was 
similar to their distribution in strains from the human 
population. However, the distribution of  serotypes 
in  foods seems slightly different based on  the type 
of food investigated (Table 1).

No strain of serotype 1/2c was detected in the natural 
environment, although this serotype has been observed 
to a small extent in food sources in both countries but 
not in human population.

Altogether, 20 combined AscI/ApaI pulsotypes were 
obtained using macrorestriction analysis (Figure  1). 
The most frequent pulsotypes were 735/2 (n = 4, sero-
type 1/2a), 211/37 (n = 2, serotype 4b), and 846/48 (n = 2, 
serotype 1/2a). It was possible to observe a specific pul-
sotype detected in strains originating from different lo-

Table 1. Distribution of Listeria monocytogenes serotypes isolated from the natural environment in this study compared 
to serotypes detected in human and food sources in other studies from Czechia (CZ) and Slovakia (SK)

Serotype
(%)

Environmental sources Human sources Food sources

CZ + SK
(this study)

CZ
(Tomáštíková  

et al. 2019)

SK
(Kubicová  
et al. 2021)

CZ
(Tomáštíková  

et al. 2019)

SK
(Kubicová  
et al. 2021)

1/2a 76 57.3 41.5 54.7
72*
38.6**
64.4***

4b 20 27.4 31.7 18
7.9*

22.1**
4.4***

1/2b 4 15.4 24.4 23.4
14.3*
35.7**
12.6***

1/2c ND ND ND 3.9
3.1*
2.2**

16.3***

* milk/milk products; ** delicatessen products; *** meat/meat products; ND – not detected

https://cjfs.agriculturejournals.cz/esm/234/2022-CJFS/1.xlsx
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cations. Pulsotype 735/2 (serotype 1/2a) was detected 
in  strains obtained from four geographically distinct 
locations, and pulsotypes 211/37  (serotype  4b) and 
846/48  (serotype  1/2a) were each detected in  strains 
from two different locations. The higher detection rate 
of  these pulsotypes and their occurrence in  multiple 
locations could be  connected with their abundance 
in  the natural environment of  Czechia and Slovakia. 
Pulsotype  735/2  was also detected in  the natural en-
vironment (livestock farm) in a previous Czech study 
(Gelbíčová and Karpíšková 2012) and circulated as well 
in  the food chain and humans in Czechia (Gelbíčová 
et al. 2019).

In total, 12  STs assigned to  12  clonal complexes 
(CCs) were detected using MLST by WGS. The most 
prevalent ST in our study, ST451 (n = 7, serotype 1/2a), 
has been observed in  farm animals and environment 
in the USA  and Switzerland (Dreyer et al. 2016; Steck-
ler et  al.  2018) while its occurrence in  other sources 
(humans, foods) seems to be rare (Pasteur MLST data-
base). ST1, the second most common ST found in our 
study (n = 4, serotype 4b), has been associated mostly 
with human infections, especially in Europe (Althaus 
et al. 2014; Jensen et al. 2016; Maury et al. 2016) and 
in  Australia (Jennison et  al.  2017), although its oc-

currence in  the natural environment has also been 
abundant (Pasteur MLST  database; Papić et  al.  2019; 
Gorski et  al.  2022). A  strong affinity of  ST1  to  cause 
clinical infections was observed in  farm animals 
(Dreyer et al. 2016). The third most frequent sequence 
type in our study, ST37 (n = 3, serotype 1/2a), seems 
to be primarily a natural environment-associated one, 
frequently observed in  farm-related environments 
(Pasteur MLST database; Dreyer et al. 2016). ST37 was 
a  predominant sequence type found in  Austrian soil 
samples (Linke et al. 2014). 

ST451, ST1, and ST37, together with other STs de-
tected in  this study (ST6, ST121, ST21, ST87), have 
also been observed in the strains originating from hu-
mans and foods in Czechia (Tomáštíková et al. 2019), 
although the proportion of individual STs in the natu-
ral environment, humans and foods seems to  be  dif-
ferent. ST121, the most frequently detected ST  from 
foods, was detected only in one environmental strain 
and ST8, the most prevalent ST in human strains, was 
not detected in the environmental strains at all. In Slo-
vakia, ST451  was the most prevalent ST  in  the food 
(milk/milk products) strains; this study, however, does 
not include strains from the natural environment (Ku-
bicová et al. 2021).

Figure 1. Dendrogram based on the macrorestriction analysis of 25 Listeria monocytogenes strains isolated from the 
natural environment
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Comparison of  environmental strains at  the level 
of  1 701  core genes using cgMLST  showed high lev-
els of heterogeneity with variable levels of genetic re-
latedness from 2  to  1 637  differing alleles among the 
strains (Figure 2).

Strains clustered based on  their sequence types; 
the clustering did not show any dependence on sam-
pling location, geomorphological area, sample ori-
gin and season of  collection. A  very close genetic 
relationship (≤  10  differing alleles) was observed 
only in  two strains of  ST20  (AscI/ApaI  pulsotypes 
841/40 and 787/41) isolated at the same time from the 
same sample and location. A  relatively close genetic 
relationship (15–31  differing alleles) was observed 
among the strains of ST451, although these strains be-
longed to  four different AscI/ApaI pulsotypes (735/2, 
769b/39, 769b/44, and 732/27) and each was obtained 
from a  geographically distinct location. Also, strains 
belonging to the frequent pulsotypes 211/37 (ST1) and 
846/48  (ST18) showed a  relatively close genetic rela-

tionship (maximally 40  differing alleles between the 
strains of each pulsotype).

Antimicrobial susceptibility. No  phenotypic re-
sistance was found by  the disk diffusion method 
in  L.  monocytogenes strains in  this study, which is  in 
accordance with a  previous Czech study conducted 
in 2010 (Gelbíčová and Karpíšková 2012). Phenotypic 
resistance in L. monocytogenes from the natural envi-
ronment was detected in some countries. Erythromy-
cin-resistant strains were found in  sludge in  France 
(Granier et  al.  2011). Soil-originating strains resistant 
to erythromycin, ciprofloxacin and linezolid were de-
tected in Austria (Linke et al. 2014). Clindamycin, oxa-
cillin, and erythromycin-resistant strains were obtained 
from the faeces of wild animals (Wang et al. 2017; Cao 
et al. 2018). Differences between our and foreign stud-
ies may be associated with different criteria for evaluat-
ing results obtained. In  all mentioned studies, except 
the Austrian study (Linke et al. 2014), criteria according 
to the Clinical & Laboratory Standards Institute (CLSI) 

Figure 2. Ridom SeqSphere+ minimum spanning tree based on Core genome multi-locus sequence typing (cgMLST) 
of 25 Listeria monocytogenes isolates from the natural environment

Strains were compared based on the 1 701 loci according to Ruppitsch et al. (2015). The numbers on the connecting lines 
represent the numbers of target genes with different alleles.
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were used, compared to our study, which was assessed 
according to the European Committee on Antimicrobi-
al Susceptibility Testing (EUCAST) recommendation.

Screening of antimicrobial-resistance genes using the 
ResFinder tool revealed the fosX gene in 24 isolates and 
the blaTEM-116 gene in one isolate (ESM, Table S1). 
fosX  gene encodes intrinsic resistance to  fosfomycin 
in the genus Listeria and is considered part of the core 
genome of L. monocytogenes (Scortti et al. 2018). Thus 
its presence in  almost all isolates could be  expected. 
blaTEM-116 gene encodes resistance against a broad 
spectrum of  cephalosporines. This gene is  closely re-
lated to  blaTEM-1, the antimicrobial-resistance gene 
frequently detected in Gram-negative microorganisms 
(Balsalobre et al. 2010). In L. monocytogenes, a high oc-
currence of the blaTEM gene was described, e.g. in iso-
lates recovered from irrigation water and agricultural 
soil in South Africa (Iwu and Okoh 2020).

CONCLUSION

This study offers a  detailed insight into the occur-
rence and characteristics of  L.  monocytogenes strains 
originating from the natural environments of  two 
Central European countries. L.  monocytogenes was 
detected mostly in  mud from the banks of  surface 
water sources, with the highest prevalence observed 
in  mountains and highlands, especially in  autumn. 
The occurrence of L. monocytogenes in various samples 
from natural environments within a wide altitude range 
across different year seasons may highlight a remarka-
ble adaptability and exceptional tolerance of this bacte-
rium to external factors. Based on the typing methods, 
high heterogeneity of  the environmental strains was 
detected. Serotype distribution of the strains circulat-
ing in the natural environment of Czechia and Slovakia 
seems to reflect distribution in the human population 
more than in  the food chain, the proportion of  STs 
in  the strains from the natural environment, humans 
and foods seems to be different.
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