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Introduction

Listeria spp. is a group of microorganisms related to bacteria belonging to the species 
Bacillus, Clostridium, Enterococcus, Streptococcus and Staphylococcus. These microorganisms 
are gram-positive, intracellular rod of 0.4 to 1.5μm, optionally anaerobic, which do not form 
spores. They are characterized by an increase in a wide temperature range of 0-45 ºC and 
pH 6-9 and show the ability to move at temperatures from 10 to 25 ºC [1-5]. Listeria spp. 
are widespread in the environment. They are isolated from various environments, including 
water, sewage, soil, human and animal faeces, but mainly from food products. The most 
frequently contaminated cheeses and dairy products from unpasteurized milk, raw maturing 
sausages, smoked fish and industrially produced food, chilled and ready to eat, without prior 
heat treatment are [6-9,5]. Food intended for sale should not contain more than 100cfu/g 
during the shelf-life. If these values are exceeded, such food constitutes a threat to the health 
and life of humans and animals [10].

The species of the genus Listeria is the subject of research of many scientists around the 
world, which results in a continuous increase in the number of species of this genus. By 2015, 
the genus Listeria included 17 species: L. monocytogenes, L. innocua, L. ivanovii, L. grayi, L. 
marthii, L. aquatica, L. booriae, L. cornellensis, L. fleischmannii, L. floridensis, L. grandensis, , 
L. newyorkensis, L. riparia, L. rocourtiae, L. seeligeri, L. weihenstephanensis, L. welshimeri. In 
2015-2019, another 3 species were added to the genus: L. thailandensis, L. costaricensis, L. 
goaensis [11-16]. L. thailandensis was isolated when testing fried chicken samples in Thailand 
in 2018. Phenotypically, it was very similar to the genus Listeria, but it could not be attributed 
to the previously known species due to the production of acid from d-tagatose and inositol 
[17]. L. costaricensis was isolated from the drainage system of a food processing plant in the 
province of Alajuela in northern Costa Rica. The colonies of this species are opaque, yellow 
colored, which is an unusual phenotypic feature for species from the genus Listeria. It shows 
mobility at 37 °C, it is also negative in terms of catalase, hemolysis and nitrite reduction [18-
20]. L. goaensis is the newest type classified to the genus Listeria. It was isolated from the 
mangrove swamp sediment of the Mandovi River swamp in Goa Provence in India. The 16S 
rRNA gene sequences showed 93.7-99.7% identity of nucleotides with other Listeria spp., 
which allowed it to be classified as a new type [21].
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Abstract

Listeria monocytogenes is of growing scientific interest due to the spread in the natural and 
productive environment of food as well as the increasing number of world-registered cases 
of listeriosis. L. monocytogenes as a food-borne pathogen representative of the genus Listeria 
is associated with 20%-30% of cases of listeriosis. Monitoring and tracking the source of L. 
monocytogenes infection involves the use of molecular biology methods. The use of genetic 
methods proved to be better than phenotype-based methods. The number of Listeria species 
has increased significantly in recent years, which is related to the development of the latest 
molecular diagnostics and sequencing methods.
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L. monocytogenes possesses pathogenic features and is the 
cause of a disease called listeriosis. Imparied immunity, cancer 
and diabetes contribute to the development of the disease, that 
include eldery, newborn and pregnant women, allergy sufferers, 
diabetics, transplants are also susceptible. People at high risk so-
called YOPI (Young, Old, Pregnat, Immunocompromised) [22-24]. 
In addition to L. monocytogenes, L. ivanovii is another potential 
pathogenic microorganism within the genus. It is, responsible 
mainly for infection of animals, wild and domesticated mammals 
and birds [25]. It is the main etiological factor of listeriosis in sheep 
and has rarely been associated with human disease [26]. L. seeligeri 
is very rarely found in the course of listeriosis in animals and is 
associated mainly in the course of mastitis [27]. Listeriosis can 
occur both in the form of sporadic disease and an genetic outbreak. 
Therefore, fast and effective methods for identifying these types of 
rods are needed. They are most effective methods of differentiating 
representatives of the genus Listeria. 

Molecular biology methods have found wide application in the 
diagnosis of listeriosis and the species identification of the pathogens 
isolated. Currently it is PCR (Polymerase Chain Reaction) that is 
the main diagnostic method. Using species-specific PCR, bacteria 
can be identified to species level. It is also possible to use genetic 
probes that detect genes controlling p60 protein synthesis in the 
material tested, as well as fragments of the nucleotide sequences 
of the gene encoding listeriolysin hlyA and the gene encoding the 
regulatory protein for this prfA toxin. Multiplex PCR techniques 
that detect fragments of many genes are also used. Typing with 
the use of molecular methods allows for faster and more efficient 
detection and identification of epidemic outbreaks caused by 
infection with L. monocytogenes [28]. Available genetic methods of 
subtyping allow for learning about the genotype, pathogenicity and 
occurrence of L. monocytogenes [29]. The phenotyping methods of 
Listeria rods include macro-restriction analysis of genomic DNA 
using alternating electric field electrophoresis (REA-PFGE). This 
method is used to study strains derived from epidemic outbreaks 
caused by L. monocytogenes as well as individual cases of listeriosis. 
It is characterized by high discriminatory power and repeatability 
of the results [30,31]. In relation to the epidemic, this method may 
show affiliation to the same clonal group of pathogens isolated 
from patients and their food [32].

For a quick comparison of the relationship of strains other 
genotyping methods are used, based on the polymerase chain 
reaction (PCR) technique. The most important methods for strains 
of L. monocytogenes are:

A.	 PCR-RFLP (Polymerase Chain Reaction-Restriction 
Fragment Length Polymorphism)-a fragment of one or several 
housekeeping genes is subjected to amplification and then to 
restriction analysis using a specific endonuclease or combination 
of nucleases (HhoI, SacI or HinfI). The products undergo 
electrophoretic separation and the obtained profiles allow L. 
monocytogenes.

B.	 AFLP (Amplified Fragments Length Polymorphism) -DNA 
tested is subjected to restriction analysis using two enzymes: 
a cutting restriction enzyme and an enzyme that recognizes a 
few restriction sites in the genome under study. The result of 
electrophoresis separation is visible as numerous band patterns 
that correspond to 40 to 200 DNA fragments.

C.	 Methods from the RAPD group (Random Amplification of 
Polymorphic DNA), among which RAPD-PCR, AP-PCR, REP-PCR and 
ERIC-PCR are used most commonly. It is a method used to analyze 
similarities between strains of microorganisms tested. It is involves 
random amplification of polymorphic DNA fragments using one 
oligonucleotide (10-20bp) primer. The amplification products are 
separated on an agarose gel by electrophoresis.

D.	 MLST (Multilocus Sequence Typing)-this method is 
based on comparing highly stable allele sequences of selected 
“housekeeping” genes-coding proteins involved in basic 
metabolism, conditioning cell survival.

E.	 MLVA (Multi- Locus Variable-Number Tandem- Repeats 
Analysis)-this method is based on the analysis of tandem repeats 
found in DNA. It is mainly used to determine the phylogenetic 
origin of the strains tested [33].

Molecular biology methods are currently the most effective 
tool in detecting, identifying and differentiating Listeria spp. REP-
PCR and ERIC-PCR techniques play the most important role in 
the commercial identification of L. monocytogenes strains. This 
is related to the speed and ease of performing the test, as well 
as the high rate of discriminatory power. To describe the species 
identification different methods are used including techniques of 
sequencing entire genomes of isolated pathogens. Methods such 
as MLST or MLVA allow for not only species identification but also 
to perform a relationship analysis and determine phylogenetic 
relationships and has been highly efficient and more profitable.

References
1.	 Collins MD, Wallbanks S, Lane DJ (1991) Phylogenetic analysis of the ge-

nus Listeria based on reverse transcriptase sequencing of 16S rRNA. Int 
J Syst Bacteriol 41(2): 240-246.

2.	 Halter EL, Neuhaus K, Scherer S (2013) Listeria weihenstephanensis sp. 
nov, isolated from the water plant Lemnatrisulca taken from a freshwa-
ter pond. Int J Syst Evol Microbiol 63(pt2): 641-647.

3.	 Jeyaletchumi P, Tunung R, Margaret SP (2010) Detection of Listeria mo-
nocytogenes in food. Int Food Re J 77: 1-11.

4.	 Madajczak G, Majczyna D (2009) Serological typing and genoserotyping 
of Listeria monocytogenes isolated from clinical material samples, food 
samples and environmental samples. With Dośw Microbiol 61: 79-85.

5.	 Vázquez BJA, Kuhn M, Berche P, Chakraborty T, Domínguez BG, et al. 
(2001) Listeria pathogenesis and molecular virulence determinants. Clin 
Microbiol Rev 14(3): 584-640.

6.	 Farber JM, Peterkin PI (1991) Listeria monocytogenes, a food-borne 
pathogen. Microbiol Rev 55(3): 476-511.

7.	 Jørgensen LV, Huss HH (1998) Prevalence and growth of Listeria mono-
cytogenes in naturally contaminated seafood. Int J Food Microbio 42(1-
2): 127-131.

https://www.ncbi.nlm.nih.gov/pubmed/1713054
https://www.ncbi.nlm.nih.gov/pubmed/1713054
https://www.ncbi.nlm.nih.gov/pubmed/1713054
https://www.ncbi.nlm.nih.gov/pubmed/22544790
https://www.ncbi.nlm.nih.gov/pubmed/22544790
https://www.ncbi.nlm.nih.gov/pubmed/22544790
https://www.ncbi.nlm.nih.gov/pubmed/11432815
https://www.ncbi.nlm.nih.gov/pubmed/11432815
https://www.ncbi.nlm.nih.gov/pubmed/11432815
https://www.ncbi.nlm.nih.gov/pubmed/1943998
https://www.ncbi.nlm.nih.gov/pubmed/1943998
https://www.ncbi.nlm.nih.gov/pubmed/9706805
https://www.ncbi.nlm.nih.gov/pubmed/9706805
https://www.ncbi.nlm.nih.gov/pubmed/9706805


632

Appro Poult Dairy & Vet Sci       Copyright © : ZSołtysiuk Marta

APDV.000660. 7(2).2019

8.	 Lauchlin J, Hall SM, Velani SK, Gilbert RJ (1991) Human listeriosis and 
pate: A possibleas sociation. Br Med J 303(6805): 773-775.

9.	 Rocourt J (1996) Riskfactors for listeriosis. Food Control 7(4-5): 195-
202.

10.	Commission Regulation (EC) No 1441/2007 of 5 December 2007 amen-
ding Regulation (EC)No 2073/2005 on microbiological criteria for food-
stuffs (Text with EEA relevance). 

11.	Bakker HC, Warchocki S, Wright EM, Allred AF, Ahlstrom C, et al. (2014) 
Listeria floridensis sp. nov., Listeria aquatica sp. nov., Listeria cornellensis 
sp. nov., Listeria riparia sp. nov., and Listeria grandensis sp. nov., from ag-
ricultural and natural environments. Int J Syst Evol Microbiol 64(pt6): 
1882-1889.

12.	Bakker HC, Clyde MS, Fortes ED, Wiedmann M, Nightingale KK (2013) 
Genome sequencing identifies Listeria fleischmannii subsp. coloradonen-
sis subsp. nov., isolated from a ranch. Int J Syst Evol Microbiol 63(pt9): 
3257-3268. 

13.	Bertsch D, Rau J, Eugster MR, Haug MC, Lawson PA, et al. (2013) Liste-
ria fleischmannii sp. nov., isolated from cheese. Int J Syst Evol Microbiol 
63(pt2): 526-532. 

14.	Graves LM, Helsel LO, Steigerwalt AG, Morey RE, Daneshvar MI, et al. 
(2010) Listeria marthii sp. nov., isolated from the natural environment, 
Finger lakes national forest. Int J Syst Evol Microbiol 60(pt6): 1280-
1288.

15.	Halter EL, Neuhaus K, Scherer S (2013) Listeria weihenstephanensis sp. 
nov., isolated from the water plant Lemnatrisulca taken from a freshwa-
ter pond. Int J Syst Evol Microbiol 63(pt2): 641-647.

16.	Leclercq A, Clermont D, Bizet C, Grimont PAD, Fléche MA, et al. (2010) 
Listeria rocourtiae sp. nov.. Int J Syst Evol Microbiol 60(pt9): 2210-2214.

17.	Leclercq A, Moura A, Vales G, Tessaud RN, Aguilhon C, et al. (2019) Liste-
ria thailandensis sp. nov.. Int J Syst Evol Microbiol 69(1): 74-81. 

18.	Núñez MK, Leclercq A, Moura A, Vales G, Peraza J, et al. (2018) Listeria 
costaricensis sp. nov.. Int J Syst Evol Microbiol. 68(3): 844-850.

19.	Weller D, Andrus A, Wiedmann M, Bakker HC (2015) Listeria booriae 
sp. nov. and Listeria newyorkensissp. nov., from food processing environ-
ments in the USA. Int J Syst Evol Microbiol 65(pt1): 286-292.

20.	Doijad SP, Poharkar KV, Kale SB, Kerkar S, Kalorey DR, et al. (2018) Liste-
ria goaensis sp. nov.. Int J Syst Evol Microbiol 68(10): 3285-3291.

21.	Molinos AC, Abriouel H, Omar NB, Valdivia E, Lopez RL, et al. (2005) 
Effect of immersion solutions containing enterocin AS-48 on Listeria 
monocytogenes in vegetable foods. Appl Environ Microbiol 71(12): 
7781-7787. 

22.	Walczycka M (2005) Inactivation and inhibition of growth of Listeria 
monocytogenes in meat preparations. Żywn Nauk Technol Jakość 43: 
61-72.

23.	Gliński Z, Kostro K (2012) Listeriosis-newly threat. Życie Wet 7: 577-
581.

24.	Rocourt J, Hof H, Schrettenbrunner A, Malinverni R, Bille J (1986) Acu-
te purulent Listeria seelingeri meningitis in animmunocompetent adult. 
Schweiz Med Wochenschr 116(8): 248-251.

25.	(2018) Fifth external quality assessment scheme for Listeria monocyto-
genes typing. Sztokholm: ECDC.

26.	Gasanov U, Hughes D, Hansbro P (2005) Methods for the isolation and 
identyfication of Listeria spp. and Listeria monocytogenes: A review. 
FEMS Microbiol Rev 29(5): 851-875.

27.	Lindstedt BA, Tham W, Danielsson TML (2008) Multiple-locus vari-
able-number tandem-repeats analysis of Listeria monocytogenes using 
multicolor capillary electrophoresis and comparison with pulsed-field 
gel electrophoresis typing. J Microbiol Methods 72(2): 141-148.

28.	Rokosz CN, Rastawicki W, Śmietańska K (2018) Microbiological diagno-
sis of infections caused by Listeria monocytogenes. Med Dośw Mikrobiol 
70: 191-200.

29.	Wiedmann M (2002) Molecular subtyping methods for Listeria monocy-
togenes. J AOAC Int 85(2): 524-532.

30.	Fretz R, Sagel U, Ruppitsch (2010) Listeriosis outbreak caused by acid 
curd cheese Quargel, Austria and Germany 2009. Euro Surveill 15(5): 
33-37.

31.	Jeyaletchumi P, Tunung R, Margaret SP (2010) Detection of Listeria mo-
nocytogenes in food. Int Food Re J 77: 1-11.

32.	Rousseaux S, Olier M, Lemaitre JP, Piveteau P, Guzzo J (2004) Use of PCR-
-Restriction fragment length polymorphism of Inla for rapid screening 
of Listeria monocytogenes strains deficient in the ability to invade Caco-2 
cells. Appl Environ Microbiol 70(4): 2180-2185.

33.	Sztuba SJ (2005) Molecular marker systems and their application in 
plant breeding. Kosmos 54: 227-239.

For possible submissions Click below: 

Submit Article

https://www.ncbi.nlm.nih.gov/pubmed/1932944
https://www.ncbi.nlm.nih.gov/pubmed/1932944
https://www.sciencedirect.com/science/article/abs/pii/S0956713596000357
https://www.sciencedirect.com/science/article/abs/pii/S0956713596000357
https://www.ncbi.nlm.nih.gov/pubmed/24599893
https://www.ncbi.nlm.nih.gov/pubmed/24599893
https://www.ncbi.nlm.nih.gov/pubmed/24599893
https://www.ncbi.nlm.nih.gov/pubmed/24599893
https://www.ncbi.nlm.nih.gov/pubmed/24599893
https://www.ncbi.nlm.nih.gov/pubmed/23524352
https://www.ncbi.nlm.nih.gov/pubmed/23524352
https://www.ncbi.nlm.nih.gov/pubmed/23524352
https://www.ncbi.nlm.nih.gov/pubmed/23524352
https://www.ncbi.nlm.nih.gov/pubmed/22523164
https://www.ncbi.nlm.nih.gov/pubmed/22523164
https://www.ncbi.nlm.nih.gov/pubmed/22523164
https://www.ncbi.nlm.nih.gov/pubmed/19667380
https://www.ncbi.nlm.nih.gov/pubmed/19667380
https://www.ncbi.nlm.nih.gov/pubmed/19667380
https://www.ncbi.nlm.nih.gov/pubmed/19667380
https://www.ncbi.nlm.nih.gov/pubmed/22544790
https://www.ncbi.nlm.nih.gov/pubmed/22544790
https://www.ncbi.nlm.nih.gov/pubmed/22544790
https://www.ncbi.nlm.nih.gov/pubmed/19915117
https://www.ncbi.nlm.nih.gov/pubmed/19915117
https://www.ncbi.nlm.nih.gov/pubmed/30457511
https://www.ncbi.nlm.nih.gov/pubmed/30457511
https://www.ncbi.nlm.nih.gov/pubmed/29458479
https://www.ncbi.nlm.nih.gov/pubmed/29458479
https://www.ncbi.nlm.nih.gov/pubmed/25342111
https://www.ncbi.nlm.nih.gov/pubmed/25342111
https://www.ncbi.nlm.nih.gov/pubmed/25342111
https://www.ncbi.nlm.nih.gov/pubmed/30156532
https://www.ncbi.nlm.nih.gov/pubmed/30156532
https://www.ncbi.nlm.nih.gov/pubmed/16332751
https://www.ncbi.nlm.nih.gov/pubmed/16332751
https://www.ncbi.nlm.nih.gov/pubmed/16332751
https://www.ncbi.nlm.nih.gov/pubmed/16332751
https://www.ncbi.nlm.nih.gov/pubmed/3082004
https://www.ncbi.nlm.nih.gov/pubmed/3082004
https://www.ncbi.nlm.nih.gov/pubmed/3082004
https://www.ecdc.europa.eu/en/publications-data/fifth-external-quality-assessment-scheme-listeria-monocytogenes-typing
https://www.ecdc.europa.eu/en/publications-data/fifth-external-quality-assessment-scheme-listeria-monocytogenes-typing
https://www.ncbi.nlm.nih.gov/pubmed/16219509
https://www.ncbi.nlm.nih.gov/pubmed/16219509
https://www.ncbi.nlm.nih.gov/pubmed/16219509
https://www.ncbi.nlm.nih.gov/pubmed/18096258
https://www.ncbi.nlm.nih.gov/pubmed/18096258
https://www.ncbi.nlm.nih.gov/pubmed/18096258
https://www.ncbi.nlm.nih.gov/pubmed/18096258
https://www.ncbi.nlm.nih.gov/pubmed/11990041
https://www.ncbi.nlm.nih.gov/pubmed/11990041
https://www.ncbi.nlm.nih.gov/pubmed/20144447
https://www.ncbi.nlm.nih.gov/pubmed/20144447
https://www.ncbi.nlm.nih.gov/pubmed/20144447
https://www.ncbi.nlm.nih.gov/pubmed/15066811
https://www.ncbi.nlm.nih.gov/pubmed/15066811
https://www.ncbi.nlm.nih.gov/pubmed/15066811
https://www.ncbi.nlm.nih.gov/pubmed/15066811
https://crimsonpublishers.com/online-submission.php
https://crimsonpublishers.com/online-submission.php
https://crimsonpublishers.com/online-submission.php

	Molecular Detection Methods for listeria spp. Occurring in Food Products
	Abstract
	References

