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Abstract. Bacteria of the genus Listeria are widely distributed in the environment; they are isolated from soil and water
ecosystems, food products, environmental objects, and circulate in vivo. L. monocytogenes are pathogenic for animals
and humans. The ecological plasticity, stress resistance and tolerance of Listeria determines their ability to switch from
a saprophytic to a parasitic life cycle and survive under various environmental conditions. After thawing and subsequent
cultivation of Listeria on fresh nutrient medium, a pronounced populational heteromorphism is noted: formation of protoplast-
type cells, L-forms and convoluted revertant cells, which requires the use PCR and ELISA for bacteria detection. It is
known that non-pathogenic Listeria, as well as pathogenic microorganisms forming a biocenosis with L. monocytogenes,
can serve as a reservoir of pathogenicity and resistance determinants and be transferred to pathogenic Listeria by horizontal
transfer, which leads to the emergence of new, more virulent and antibiotic-resistant strains. In addition, the most important
adaptation mechanism of L. monocytogenes to adverse environmental factors is their ability to form biofilms markedly
enhancing survival and disinfectant resistance. The relatively high genomic similarity between L. monocytogenes and some
non-pathogenic Listeria species and often their coexistence in similar ecological niches, may provide an opportunity for the
transfer of resistance or virulence genes. At the same time, the transmission of pathogenicity genes from L. monocytogenes
to L. innocua is also possible, which predetermines the appearance of atypical hemolytic pathogenic strains, which, given
the greater environmental prevalence of the latter can pose a great danger to humans and animals. The increasing role
of Listeria in the pattern of human and animal infectious pathologies, the variability of their morphological, cultivable and
biochemical properties, as well as the constant modification of the surface Listeria antigens underlies a need to improve
listeriosis diagnostics and requires creation of new immunobiological preparations and modern regimens for isolation and
identification of various Listeriatypes. This review discusses current views on Listeria spp. prevalence and biological qualities,
virulence and pathogenicity factors of L. monocytogenes, as well as methods for identifying different Listeria species.

Key words: bacteria, Listeria, listeriosis, L. monocytogenes, L. innocua, pathogenicity.

BMOJIOFTMYECKUE OCOBEHHOCTU U MEAULMHCKASA S3HAYUMOCTb BAKTEPUIA POJA LISTERIA
Jepesanuenko M.A."-2, Kpaesa JI.A.!3

'"®FYH HUH snudemuonocuu u muxpoouonoeuu umenu Illacmepa, Cankm-IlemepOype, Poccus

2 Bocmounoit puauan @BY3 llenmp eueuenvt u snudemuonoeuu é 2opode Cankm-Ilemepbypee u Jlenunepadckoit obaacmu ,
Canxkm-Ilemep6ype, Poccus

J@I'bBOY BO Boenno-meduyunckas akademus um. C.M. Kupoea, Canxm-Ilemep6ype, Poccus

Pe3ome. bakTepuu pona Listeria ITAPOKO pacIipoCTPaHEHbI B OKPYKAIOIIEH cpelie, BEIIESIOTCS U3 TIOUBEHHBIX M BOTHBIX
9KOCHCTEM, TIPOIYKTOB ITUTaHMSI, 00bEKTOB BHELITHEH Cpelbl, IMPKYJIMPYIOT B opranusmMe. HekoTopblie MX BUIBI, TIPEXKIe
Bcero, L. monocytogenes, SIBJISIIOTCSI TATOT@HHBIMM JIJIs1 YEJIOBEKA U KMBOTHBIX. DKOJIOTMYecKasl MJIaCTUYHOCTb, CTPECCO-

Appec pns nepenucku: Contacts:

Kpaesa Jliogmuna AnekcaHgpoBHa Lydmila A. Kraeva

197101, Poccus, CaxkT-MeTepbypr, yn. Mupa, 14, 197101, Russian Federation, St. Petersburg, Mira str., 14,
®BYH HUW anuaemuonoruv u mukpobuonorum umenn Macrepa. St. Petersburg Pasteur Institute.

Ten.: 8 (812) 232-94-85. dakc: 8 (812) 498-09-39. Phone: +7 (812) 232-94-85. Fax: +7 (812) 498-09-39.

E-mail: lykraeva@yandex.ru E-mail: lykraeva@yandex.ru

Ons uMTUPOBaHMS: Citation:

[epesHyeHko W.A., Kpaesa J1.A. Buonoruyeckne 0CO6eHHOCTM Derevyanchenko I.A., Kraeva L.A. Biological features and medical

1 MeMLMHCKas 3HaYmMocCTb bakTepuid poaa Listeria // Undekups significance of the Listeria bacteria // Russian Journal of Infection and
nummynutet. 2024. T. 14, Ne 5. C. 862-880. doi: 10.15789/2220-7619- Immunity = Infektsiyai mmunitet, 2024, vol. 14, no. 5, pp. 862-880.
BFA-17639 doi: 10.15789/2220-7619-BFA-17639

© Derevyanchenko I.A., Kraeva L.A., 2024 DOI: http://dx.doi.org/10.15789/2220-7619-BFA-17639
862 Cratba fOCTYNHa No AMLeH3um Creative Commons Attribution 4.0

The article can be used under the Creative Commons Attribution 4.0 License


https://crossmark.crossref.org/dialog/?doi=10.15789/2220-7619-BFA-17639&domain=PDF&date_stamp=2024-12-21

2024, T. 14, Ne 5 Listeria spp. bacteria

YCTOMYMBOCTH U TOJEPAHTHOCTD JUCTEPUiT 0OYCIOBIMBAET UX CITOCOOHOCTD MEPEXOAUTH OT CanpPOM@UTHOrO K Mapa3uTH-
YecKOMY 00pasy XXM3HM M CHOBA PEBEPCUPOBATh K calpopUTU3MY MPU MOMaJaHUU B OKPYXKAIOIIYIO CPeAY U BbIXKMBATh
MIPYU pa3IMYHbIX ee ycaoBUsIX. [Ipr 3TOM BBISIBICHO, YTO MOC/IE pa3MOPaKUBaHUS U MOCAEAYIONIET0 KYJIbTUBUPOBAHN S
JIUCTEPUI Ha CBEXKUX MUTATEIbHBIX CPElaX OTMEUAETCsl BhIPAaKeHHbBIM reTepoMopdU3M MOMYJISIIMHI, B TOM YKCIe 00pa3o-
BaHMe KJIETOK MPOTOILJIACTHOrO TUIa, L-(opM 1 M3BUTHIX KJIETOK-PEBEPTAHTOB, UTO YCIOXKHSIET UX OOHAPYKEHME U TH-
MMMPOBaHUE B pa3MOPOXKEHHBIX MUILEBBIX MTPOAYKTAX U TPeOyeT MPUMEHEHMS TaKMX METOI0B OOHApYKEHUS OaKTepHiA,
kak [TLP u UDA. U3BecTHO, UTO HENATOr€HHBIE INCTEPUU, a TAKKe TTaTOreéHHbIe MUKPOOPraHU3MbI, 00pa3yoline 61o-
LIEHO3 ¢ L. monocytogenes, MOTYT CITY>KUTb pe3ePByapoM IeTePMUHAHT ITAaTOTeHHOCTH 1 PE3UCTEHTHOCTH U OBITH ITepelaHbl
MTATOT¢HHBIM JINCTEPUSM ITyTeM TOPU30HTAIBHOTO IIEPEHOCa, YTO 00YCIOBIMBACT MOSBICHUE HOBBIX 00JIe€ BUPYJIEHTHBIX
1 NATOT€HHBIX, a TAKXe PE3UCTEHTHBIX K aHTMOMOTUKAM IITaMMOB. KpoMe Toro, Bask HeMILIMM MEXaHU3MOM aJanTaluu
L. monocytogenes K HEOMaronpusiTHBIM (pakTOpaM OKPYKatoLIEl CPebl SIBISETCS UX CIOCOOHOCTh K 00pa30BaHUI0 O1o-
MJIEHOK, CYLIECTBEHHO MOBBIILAIOLIMX BHIKMBAEMOCTb M YCTOMUMBOCTD K Ae3uH(puKaHTaM. CpaBHUTEIbHO BBICOKOE T'e-
HOMHOE CXOACTBO MEXY L. monocytogenes 1 HEKOTOPbIMU HEMATOTEHHBIMY BUIAMU JIUCTEPUIA, B TOM uucie L. innocua,
1 3a4acTylo0 UX COCYIIECTBOBAHUE B CXOMHBIX IKOJOTMUYECKMX HUIIAX MOXET MPeI0oCTaBUTh BO3MOXHOCTb JJI51 MePEeHO-
ca reHOB YCTOMYMBOCTHY UJIU BUPYJIEHTHOCTU U 00YCIOBIMBAECT BO3MOXHOCTb CO30aHus y L. innocua pe3epByapoB reHOB
YCTOMYMBOCTHU, KOTOPBIE MOTYT TepeaaBaTbcsl 0akTepusiM L. monocytogenes. B To xe BpeMsl, BO3MOXHa Iepenaya reHOB
MaTOreHHOCTH OT L. monocytogenes K L. innocua, 9To IpefonpenesseT NosBIeHUE aTUMTMYHBIX TeMOJUTUYECKUX ITaTOreH-
HBIX IIITAMMOB, KOTOpbIE, YIUTHIBas 00JIee MPOKOE paclpocTpaHeHHee L. innocua B OKpPYKaroIeil cpeie, MOTYT Ipel-
CTaBJISITH OOJIBIIIYIO OMACHOCTD JIJISI YeJIOBEKA M XKMBOTHBIX. YBEJIUUYCHUE POJIU JIUCTEPUIA B CTPYKTYPe MH(PEKIIMOHHBIX
TIATOJIOTUII YeIOBEeKa U XKMUBOTHBIX, U3MECHIMBOCTDH X MOP(MOIOTHIECKIX, KYIBTYpadbHBIX I OMOXMMUIECKIX CBOMCTB,
a TaK3Ke TIOCTOSTHHAST MOTU(UKAIINS TIOBEPXHOCTHRIX aHTUTEHOB JIUCTEPHII TIPEIOIIpeeiIeT HEOOXOMMMOCTh COBEPIIICH-
CTBOBAHMSI IMAaTHOCTUKH JIMCTEPUO3a U TPEOYeT CO3MaHMST HOBBIX UMMYHOOMOJIOTUUECKUX TTPENapaToB U COBPEMEHHBIX
CXEeM JJIS1 BbIIENEHUS U UACHTU(UKALMY pa3IMuHbIX BUAOB JIMCTEpUil. B HacTosilieM 0630pe paccMaTpuBaloTCs COBpe-
MEHHbIE TTPEACTaBIEHUSI OTHOCUTEIBHO PACIPOCTPAHEHHOCTH U OMOJIOTMYECKUX CBOMCTB Listeria spp., (hakTOpoOB BUPY-

JIEHTHOCTH Y MaTOreHHOCTH L. monocytogenes, a TAKXXe METOJIOB I/II[CHTI/I(l)I/IKaL[I/II/I J I/ICTGPHVI Pa3HbIX BUIOB.

Karouesnie caoea: 6axmepuu, aucmepuu, aucmepuo3s, L. monocytogenes, L. innocua, namoeennocmeo.

Inroducion

It is known that bacteria of the genus Listeria can
cause listeriosis, a severe infectious disease of humans
and animals characterised by polymorphic clinical
manifestations, high mortality (up to 20—40% among
adults and more than 50% in newborns) [28] and of-
ten complicated by meningoencephalitis [97]. At
the same time, while previously only L. monocytogenes
was considered pathogenic for humans, the literature
has recently begun to describe cases of listeriosis in-
fection caused by other Listeria species, including
L. ivanovii [66], L. seeligeri [140], L. innocua [103],
L. welshimeri [43], and L. grayi [150].

In general, it is currently accepted that L. mono-
cytogenes is the etiological agent of listeriosis in hu-
mans and many vertebrate species, including
birds, whereas L. ivanovii causes infections mainly
in ruminants [106].

The epidemic situation of listeriosis worldwide
continues to worsen due to a number of reasons, in-
cluding the unique plasticity of Listeria and its abil-
ity not only to persist but also to multiply in infected
products even at low temperatures (+4...+7°C, typi-
cal of a refrigerator) [120], acidic environments [124],
high salt concentrations [88], and under oxygen-
deficient conditions (in vacuum-packed finished
products) [45].

At the same time, one unfavourable external fac-
tor can increase the resistance of Lisferia to others.
For example, incubation of L. monocytogenes at low

temperatures was found to increase its resistance
to osmotic stress [115]. Similarly, high salt concen-
trations in the incubation medium can lead to cross-
protection of L. monocytogenes against other causes
of cell death including high temperature, acidity
and oxidative stress [128]. It has been revealed that
cultivation of L. monocytogenes under conditions
of vacuum packing and low temperature (+6°C), re-
gardless of the nutrient substrate, causes the forma-
tion of a capsule in the pathogen and the emergence
of resistance to some antibiotics from the penicillin
group [41]. In addition, under unfavourable condi-
tions, Listeria are capable of forming biofilms that
attach to abiotic or biological surfaces and serve as
a survival strategy for the bacteria, allowing them
to persist in unfavourable conditions, being protected
from the human immune system and various envi-
ronmental factors (ultraviolet light, acids, drying, sa-
linity, antimicrobial agents, disinfectants) [46].

The extremely high tolerance of L. monocytogenes
to stress conditions causes a serious problem of lis-
teriosis in the food industry, and the increasing role
of Listeria in the structure of infectious pathologies
of humans and animals predetermines the need
to improve the diagnosis, prevention and sanitary
and epidemiological surveillance of listeriosis, which
requires the creation of new immunobiological prep-
arations and modern schemes for the isolation and
identification of various Listeria species.

The present review discusses the current under-
standing of the prevalence and biological properties
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of Listeria spp. and the virulence and pathogenic-
ity factors of L. monocytogenes, as well as methods
of identification of Listeria species.

The prevalence and biological properties
of species of the Listeria genus

Listeria spp. are gram-positive flagellated bacilli-
form bacteria, facultative anaerobes that do not form
spores and are motile at low temperatures [68], are
widely distributed in the environment, isolated from
soil and aquatic ecosystems, food, and environmen-
tal objects, circulate in the body, and some of their
species are pathogenic for humans and animals [137].

Initially (until 2009), 7 species were identified
in the genus Listeria (Pirie, 1940): L. monocytogenes,
L. ivanovii, L. grayi, L. murrayi, L. innocua, L. seeli-
geri, and L. welshimeri, of which L. monocytogenes,
the main causative agent of listeriosis, poses the great-
est threat to humans. In the last decade, due to the
rapid development of sequencing technologies, 13 new
species with diverse phenotypic and genotypic charac-
teristics have been identified within the genus Listeria:
L. marthii [83], L. rocourtiae [100], L. fleischman-
nii [47], L. weihenstephanensis [99], L. riparia [64],
L. grandensis [64], L. floridensis [64], L. cornellen-
sis [64], L. aquatica [64], L. newyorkensis [141], L. boo-
riae [141], L. costaricensis [123] and L. goaensis [68].
In addition, two subspecies, subsp. fleischmannii and
subsp. colouradonensis, have been established within
the species L. fleischmannii [65].

Phylogenetic studies based on the 16S and 23S
rRNA sequences revealed that the genus Listeria in-
cludes two evolutionarily formed lineages: Listeria
sensu strictu, which includes L. monocytogenes,
L. innocua, L. welshimeri, L. seeligeri, L. ivanovii,
and L. marthii, and Listeria sensu lato, which unites
L. grayi, previously considered nonpathogenic, and
12 new Listeria species discovered since 2009 [58,
126]. All 6 species of Listeria sensu strictu share com-
mon phenotypic characteristics, such as the ability
to grow at low temperatures and flagellar motility,
whereas the 11 species of Listeria sensu lato represent
three distinct monophyletic groups that can be rec-
ognised as separate genera [126]. These three putative
genera of Listeria are immobile (except L. grayi), ca-
pable of nitrate reduction (except L. floridensis) and
give a negative result in the Voges—Proskauer test
(except L. grayi) [126]. Unlike all other Listeria spe-
cies, species of the proposed new genus Mesolisteria
cannot grow at temperatures below 7°C [126].

The prevalence of Listeria
in the environment
The main source and reservoir of Listeria are en-

vironmental objects, primarily soil. Listeria is also
excreted from plants, silage, dust, water bodies and

sewage [26]. There are 92 known animal species that
serve as reservoirs or participate in the circulation
of Listeria. The spread of the pathogen is particu-
larly intensive during the period of rodent migration
to places of their concentration (haystacks, hay-
fields). Rodents play a leading role in the transmis-
sion of Listeria to farm animals by contaminating
feed and water [22]. Transmission of the pathogen
between rodents in natural foci is supported by ar-
thropods, including mites.

In addition, Listeria can be present in water in the
environment, and therefore infection of animals
through water is possible [33], including live fish,
on whose body surface Listeria can multiply using
the esculin of the mucus covering the scales as a food
source [25]; cold smoking of fish creates specific con-
ditions (salt, smoking solution) that favour Listeria
multiplication [85]. Listeria can multiply in water and
in soil microecosystems at low temperature with pres-
ervation of virulence of populations [37], which deter-
mines the spread and long-term persistence of Listeria
in the external environment and economic objects.

Ecological plasticity and tolerance of Listeria
stipulates their ability to switch from saprophytic
to parasitic lifestyle and to reverse to saprophyticism
again when introduced into the environment and
survive under its various conditions. Listeria concen-
tration has been found to increase in the external en-
vironment in autumn and spring, stabilise in winter
and decrease in summer [7]. In addition, the ability
of Listeria to actively multiply in melt water (at a tem-
perature of 6°C) has been revealed, providing a 2-fold
increase in bacterial mass [7]. At the same time, no
significant changes in cell morphology in the popu-
lation were observed when Listeria survived at low
temperatures, including sub-zero temperatures, but
after thawing and subsequent cultivation on fresh nu-
trient media, a pronounced heteromorphism of the
Listeria population was observed, including the for-
mation of protoplast-type cells, L-forms, and twist-
ed revertant cells [5]. In this regard, the detection
of Listeria in unfrozen food products requires, firstly,
a long time for reversion in enrichment medium, and,
secondly, there is a need to apply bacterial detection
methods such as DNA diagnosis, PCR and ELISA.

The ability of Listeria to remain viable on food-
contact surfaces in packinghouses has been revealed,
which predetermines the likelihood of contamination
of food products, including fruit, with a subsequent in-
crease in the abundance of these bacteria as the prod-
ucts are stored [141]. In addition, there has recently
been a steady increase in the proportion of multiple
antibiotic-resistant L. monocytogenes strains world-
wide [44], with additional pathogenicity factors [18].

In addition to abiotic factors, Listeria biology
is also influenced by biotic environmental factors,
including saprophytic microorganisms that contami-
nate food products, form common biocenoses with
Listeria, and influence Listeria through exogenous

864



2024, T. 14, Ne 5

Listeria spp. bacteria

metabolites or competition for nutrient substrates [36].
Nonpathogenic Listeria, as well as pathogenic mi-
croorganisms that form a biocenosis with L. mono-
cytogenes, can serve as a reservoir of pathogenicity
and resistance determinants and can be transmitted
to pathogenic Listeria by horizontal transfer [9].

L. monocytogenes and L. innocua are the most
common species of the genus Listeria, related
in a strict sense [94] and often co-exist in environ-
mental sites. It was initially hypothesised that the two
species evolved from a common ancestor but differ
due to the loss of virulence genes in L. innocua [55].
It was later hypothesised that L. innocua evolved from
the ancestors of four strains of the L. monocytogenes
serogroup and may have retained some charac-
teristics of its ancestor [116]. Atypical L. innocua
was found to induce a protective immune response
against L. monocytogenes, which is also in favour
of a close genetic relationship between L. innocua and
L. monocytogenes [111].

Genetically close to these two species is L. welshi-
meri, which is characterised by a smaller genome size
compared to L. monocytogenes, suggesting similar evo-
lutionary pathways of their genomes from a common
ancestor [86]. However, the genome of the ancestor
of L. welshimeriwas more compact than that of L. mono-
cytogenes, which led to the emergence of non-patho-
genic species of Listeria spp. [86]. At the same time,
the prfA virulence gene cluster present in the common
ancestor of Listeria species was eventually lost in L. in-
nocua and L. welshimeri [94, 116].

The bacteria of L. welshimeri species are found
in meat products and L. seeligeri in fish [17]. L. in-
nocua is the predominant species in seawater, espe-
cially in coastal waters, compared to other Listeria
species, which may cause contamination of fish,
squid, crustaceans and other animals (seafood) and
pose a risk to humans [74]. Bacteria of this species
are often found in meat (frozen minced meat and
semi-finished products, as well as smoked products
ready for consumption), fish (salted, raw smoked
fish, chilled and frozen semi-finished products), veg-
etables (onions, cabbage, potatoes, beetroot) stored
in vegetable warchouses [17, 73], and are capable
of adaptation in changing environmental conditions
(survival in a wide range of temperature, humidity,
pH of the environment), which significantly increas-
es their chances of survival in different environmen-
tal conditions, causes their widespread active distri-
bution and promotes the emergence of strains with
atypical properties [59]. Thus, in addition to food
products, L. innocua species are often present in si-
lage and organs of rodents [17]. L. innocua have dual
nature and are capable of both saprophytic and para-
sitic lifestyle depending on the habitat [15].

Bacteria of L. monocytogenes species were first iso-
lated and described in 1911 by the Swedish scientist
G. Hulphers from purulent pus. Hulphers from a pu-
rulent nodule of the liver of a fallen rabbit [93], and

a precise and detailed description of listeriosis was
made in 1923 by E. Murray et al. [119]. The first docu-
mented culture of the pathogen in humans was isolated
in France in 1921 by Dumont and Cotoni from a pa-
tient with meningitis, and its modern name was giv-
en in 1940 in honour of the English surgeon J. Lister,
the founder of antiseptic methods. Despite the fact that
L. monocytogenes is the main causative agent of lis-
teriosis in humans, it is typical of the normal micro-
flora of the middle and lower intestinal tracts of many
animal and human species [54]; therefore, it may be
excreted with faeces into the environment and subse-
quently contaminate soil, water, grass, etc.

The relatively high genomic similarity between
L. innocua and L. monocytogenes, and sometimes
their coexistence in similar ecological niches, may
provide an opportunity for horizontal transfer of re-
sistance or virulence genes [102]. And, in particular,
although antimicrobial resistance is less common
in L. monocytogenes than in L. innocua, but L. in-
nocua may form a reservoir of resistance genes that
can be transferred between bacterial species, in-
cluding transferring them to pathogenic L. monocy-
togenes [81]. In addition, the possibility of transfer-
ring antibiotic resistance genes to Listeria spp. from
enterococci via transposons is also accepted [92].

Biological properties
of L. monocytogenes, L. innocua
and L. ivanovii

Morphologically, L. monocytogenes, L. innocua
and L. ivanovii are short, gram-positive, non-spore-
forming bacilli of regular shape and are faculta-
tive anaerobes [26]. However, L. monocytogenes and
L. ivanovii can transform into L-forms and parasitise
intracellularly [26], showing the ability to survive
in macrophages and infiltrate a number of normally
non-phagocytic cells such as epithelial cells, hepato-
cytes and endothelial cells [139].

L. monocytogenes exhibits the ability to grow
in a wide range of temperatures (1—45°C, with the opti-
mum temperature for their growth being 30—37°C) and
pH (from 4.0—4.8 to 9.5—10.0) in the presence of NaCl
(20%) and 15% CO, [11]. At 70°C, Listeria die within
half an hour and at 100°C within 3—5 minutes [34].

L. monocytogenes is able to remain viable when
stored in semi-liquid nutrient medium and lyoph-
ilised under refrigerator conditions [4]. In this regard,
dairy products with a long shelf life, including soft
cheeses, ice cream and butter, are the most danger-
ous source of listeriosis, as they multiply at low tem-
peratures and accumulate dangerous doses of Listeria
in milk [18]. In addition, L. monocytogenes is detect-
ed not only in raw products, but also in cooked, un-
cooked and raw smoked meat products, frozen, pick-
led and preserved seafood, as well as various semi-
finished products [144].
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The high thermostability of Listeria is due to the
presence of a complex of genetic and biochemical
mechanisms that allow them to adapt to changing tem-
perature conditions and survive in many environmen-
tal objects. One of the mechanisms of thermoadapta-
tion is the induction and repression of genes acting at
the isoenzyme level, regulating the launch of synthesis
of “cold” and “heat” isoenzymes. Moreover, the num-
ber of “cold” isoenzymes in Listeria significantly ex-
ceeds the number of “thermal” isoenzymes, which
makes Listeria facultative psychrophiles. The most
important mechanism of adaptation of Listeria
to unfavourable environmental factors is their ability
to form biofilms, which significantly increase survival
and resistance to disinfectants [134].

The wide range of host organisms in which L. mono-
cytogenes can reproduce has caused antigenic hetero-
geneity of its outer envelope [23]. Thus, using molecu-
lar typing methods, it is possible to distinguish within
the species of L. monocytogenes, three evolutionary
lineages can be distinguished within the L. mono-
cytogenes species, characterised by different patho-
genic potentials: Lineage I are strains associated with
epidemic outbreaks of listeriosis (serotypes 1/2b, 3b,
4b, 4d and 4e); Lineage II are strains isolated during
sporadic cases of listeriosis (serotypes 1/2a, 1/2c, 3a
and 3c¢); Lineage III are strains rarely associated with
cases of listeriosis (serotypes 4a and 4c) and Lincage
1V (4a, 4b, 4¢) [107, 126, 131]. The most common se-
rotypes of L. monocytogenes in listeriosis patients are
4b, 1/2a, 1/2b [14]. At the same time, about half of all
cases of listeriosis in the world are caused by strains
of serovar 4b, whereas serovariants 1/2a, 1/2b, 1/2c,
and 3a are most often detected in infected products
and natural environment [58, 104, 105].

At the same time, no regularities between the bio-
logical type of the host and the serovars of the iso-
lated strains or the severity of the disease have been
found. At the same time, it has been established
that the course of the pathological process and host
specificity are determined by listeriolysin and in-
ternalins A and B, which act as pathogenicity fac-
tors of Listeria |38, 126]. It has been found that DNA
regions encoding Listeria pathogenicity factors are
more frequently found in strains of serovar 4b [118].

Intraspecific cross-reactions are characteristic
of Listeria: in particular, a culture containing DNA
fragments characteristic of other serovariants was
isolated within serovariant 4b [101]. In addition to in-
traspecies cross-reactions, Listeria also cross-reacts
serologically with typhoid-paratyphoid bacteria and
staphylococci [10].

The most genetically similar species to L. mono-
cytogenes is L. innocua, which serves as an indicator
of the possible presence of L. monocytogenes in prod-
ucts and can be pathogenic not only to animals [139],
but also to humans [117].

The bacteria of L. innocua species are character-
ised by stability of phenotypic manifestations: mor-

phology (short, randomly arranged bacilli, coccoid
forms and ovoid bacteria that stain positively ac-
cording to Gram stain), blue or bluish-green lumi-
nescence in oblique light, typical growth of colonies
on nutrient media with a characteristic fermented
milk odour, presence of catalase and absence of oxi-
dase activity, motility at temperatures of 22°C and
37°C. Bacteria of this species are catalase-positive,
most cultures show DNAase activity, and some
strains are characterised by haemolytic activity [15].
In addition, bacteria of the L. innocua species are
characterised by the presence of a gene encoding
lecithinase, typical of L. monocytogenes [82], but not
typical of L. monocytogenes, which retains lecithinase
activity when cultured on nutrient medium contain-
ing lecithin, both in the presence and absence of ac-
tivated carbon [21]. L. innocua is sensitive to penicil-
lins, aminoglycosides, carbapenems, fluoroquinolo-
nes, but resistant to nalidixic acid [15].

A peculiarity of L. innocua is the variability
of biochemical activity. Thus, some experts [15] have
established the ability of L. innocua to degrade glu-
cose, salicin, rhamnose, mannose, maltose, esculin
and fructose, along with the absence of degradation
of urea, dulcite, inulin, adonite, raffinose, melibi-
ose, starch and arabinose. The study of pathogenic-
ity factors in some cultures of L. innocua, especially
those isolated from fish, revealed haemolytic activity
uncharacteristic for bacteria of this species [15], in-
dicating the appearance of atypical strains and pos-
sibly due to the appearance of gene clusters similar
to L. monocytogenes in the genome of L. innocua [59].

Although L. monocytogenes and L. innocua dif-
fer markedly in virulence, they are virtually indis-
tinguishable by classical taxonomic criteria. Both
species are actively motile and produce flagellin
abundantly at 22°C. However, these species differ
in motility and flagellin production at 37°C. At this
temperature, L. monocytogenes strains are virtually
immobile and produce little or no flagellin, whereas
L. innocua strains are often motile and produce sig-
nificant amounts of flagellin [95]. These data point
in favour of differential regulation of flagellin pro-
duction in L. monocytogenes and L. innocua at 37°C.

L. monocytogenes strains are characterised by the
presence of both somatic O and flagellar H-antigens,
whereas L. ivanovii (serotype 5) and L. innocua (sero-
type 6) have only one somatic O-antigen each [42].

Biological properties of other Listeria
species

Phenotypic properties of other species of the ge-
nus Listeria: L. ivanovii, L. grayi, L. murrayi, L. seeli-
geri, L. welshimeri are not sufficiently defined, and
in some respects are similar to L. monocytogenes
bacteria, which may lead to inaccurate identifica-
tion. Thus, it is known that the new Listeria species
do not differ from L. monocytogenes and are short ba-
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cilli of regular shape with rounded ends, sometimes
almost cocci, gram-positive, capsules and spores
do not form, they are not resistant to acid, aerobes,
facultative anaerobes, chemoorganoautotrophs, but
in the external environment are chemolithoauto-
trophs, catalase-positive, oxidase-negative, exhibit
motility at 20—25°C [8].

Bacteria of L. marthii species grow well on con-
ventional nutrient media in the temperature range
of 1-45°C, the optimal temperature is 30—37°C.
They are motile, form an umbrella of 3—5 mm
in semi-liquid agar at 20—30°C and do not form it at
37°C. Nonhemolytic, hydrolyse esculin, produce hy-
drogen sulfide, tolerant to sodium chloride, positive
for methyl red, ferment D-glucose, lactose and malt-
ose; do not ferment D-xylose, D-mannite, sucrose
and L-rhamnose, reduce nitrates, active against
urease, form indole and hydrolyse gelatin. On dense
media, after incubation for 24 hours at 37°C, colo-
nies 0.2—0.8 mm in diameter, smooth, bluish-green,
translucent, slightly raised with a fine surface tex-
ture and a smooth edge grow. The type strain is FSL
S4-120T [83].

Colonies of L. rocourtiae species after 48 h of cul-
tivation at 30°C grow on trypticase-soya agar 0.5—
1.0 mm in diameter, round, translucent, convex with
a fine surface texture and a smooth edge. They re-
duce nitrate and manite, do not exhibit haemolytic
activity, are able to degrade to acid ribose, D-xylose,
galactose, glycerol, erythritol, adonite, D-glucose,
D-fructose, D-mannose, L-sorbose, rhamnose, dul-
cite, inositol, mannitol, sorbitol, methyl-D-glucoside,
N-acetylglucosamine, amygdalin, arbutin, salicin,
cellobiose, maltose, lactose, melibiose, starch, treha-
lose, glycogen and D-raffinose. It does not ferment
L-xylose, D-arabinose, L-arabinose, methyl-D-man-
noside, sucrose, inulin, melecitose, L-fructose, xylitol,
D-turanose, D-fructose, D-tagatose, D-arabitol,
5-ketogluconate or 2-ketogluconate. The type strain
is CIP 109804 (DSM 22097) [100].

The bacteria of L. fleischmannii species are typical
short bacilli arranged singly or in short chains (0.4—
0.6 mm diameter and 0.7—1.2 mm length). On nu-
trient agar at 37°C after 24 hours, colonies grow
0.4—1.0 mm in diameter, translucent, round, with
a low convex surface and smooth edges. Immobile,
although they contain the flagellin flaA gene. Reduce
nitrate, hydrolyse hippurate and esculin, and produce
hydrogen sulphide. The main differentiating charac-
ter that distinguishes this species from others is the
unique ability to ferment D-mannite and D-xylose.
The species L. fleischmannii is non-haemolytic, does
not invade Caco-2 cells and does not contain Listeria
virulence genes on pathogenic islet 1. The type strain
is LU2006-1T (DSM 24998) [47]. Based on molecu-
lar genetic studies, the species L. fleischmanni was
divided into subspecies according to genomic char-
acteristics: L. fleischmannii subsp. fleischmannii and
L. fleischmannii subsp. colouradonensis [65].

Bacteria of the subspecies L. fleischmannii sub-
sp. fleischmannii are characterised by an optimal
growth temperature of 30—37°C, are immobile at
25°C, are non-haemolytic, reduce nitrate, and de-
grade D-xylose to acid, D-arabitol, L-rhamnose,
o-methyl-D-glucoside, D-ribose, turanose, sucrose
and melecitose, and do not ferment glucose-1-phos-
phate, inositol, arylamidase, o-mannosidase and
D-tagatose. The typical strain is LU2006-1 [65].

Bacteria of the subspecies L. fleischmannii subsp.
soloradonensis are characterised by similar phenotypic
features to the subspecies L. fleischmannii subsp. fleis-
chmannii, but differ from it in their inability to ferment
sucrose, melecitose, and turanose, but ferment inositol.
The type strain is TTU M1-001 [47, 65]. The genomes
of both subspecies of Listeria fleischmannii contain pu-
tative enhancin genes; a mosquitocidal toxin has been
identified in the genome of Listeria fleischmannii subsp.
colouradonensis, suggesting possible adaptation to in-
sect habitation [47, 65].

Bacteria of L. weihenstephanensis species are
non-haemolytic bacilli 0.4—0.5 mm in diameter and
2.0—4.5 mm in length with rounded ends; colonies
1.0—2.5 mm in diameter, translucent, whitish, round,
smooth, slightly convex with slightly irregular edges
grow on trypticase-soya agar. The optimum tempera-
ture for their growth is 28—34°C, they do not grow at
38°C, their mobility is weak at 15—30°C, the optimum
pH is 7—8. Isolates can grow in broth at 3°C for 10 days
in anaerobic conditions. They grow well in nutrient
broth containing 6.5% NaCl. Test positive with me-
thyl red, negative with Voges—Proskauer and CAMP
test, do not hydrolyse urea and do not form indole
and hydrogen sulphide, reduce nitrate to nitrite. Do
not ferment o.-mannosidase, arylamidase, D-ribose,
1-phosphate-glucose and D-tagatose. Esculin,
D-arabitol, D-xylose, L-rhamnose and methyl-D-
glucopyranoside are fermented [99]. After 14 days
of anaerobic incubation, acid formation is noted from
glycerol, D-ribose, D-xylose, D-glucose, D-fructose,
D-mannose, L-rhamnose, inositol, D-mannite, and
methyl-D-glucopyranoside, N-acetylglucosamine,
amygdalin, arbutin, aequulin, salicin, cellobiose, malt-
ose, lactose, trehalose, starch, glycogen, xylitol, gentio-
biose, D-arabitol and potassium 5-ketogluconate. Not
able to degrade erythritol, D-arabinose, L.-arabinose,
D-galactose, L-xylose, D-adonite, L-sorbose, methyl-
b-D-xylopyranoside, dulcite, D-sorbitol, methyl-D-
mannopyranoside to acid, melibiose, sucrose, inulin,
melecytose, raffinose, turanose, D-lyxose, D-tagatose,
D-fucose, L-fucose, L-arabitol, potassium 2-ketoglu-
conate and potassium gluconate [99].

Bacteria of L. floridensis species are morphologi-
cally bacilli with rounded ends, 0.6 x 1.3—1.9 mm
in size, unable to grow at temperatures below 7°C.
The optimum temperature for their growth is 37—
41°C; they do not show motility at temperatures of 4,
22,30 and 37°C. The species L. floridensis is the only
species of the genus Listeria lacking motility and
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unable to reduce nitrate, characterised by negative
Voges—Proskauer reaction and CAMP test. The typ-
ical strain is FSL S10-1187 [64].

The bacteria of L. aquatica species are 0.6—0.7 x
1.5—2.4 mm in size, like L. floridensis are unable
to grow at temperatures below 7°C, and the optimal
temperature for them is 37—41°C, are not motile at 4,
22,30 and 37°C, and show negative Voges—Proskauer
reaction and CAMP test. Unlike L. floridensis, they
reduce nitrate but do not reduce nitrite, do not fer-
ment maltose but are able to ferment D-tagatose.
The typical strain is FSL S10—1188 [64].

Bacteria of L. riparia species are straight bacilli
with rounded ends, measuring 0.5—0.7 x2.3—3.7 mm.
Like L. floridensis and L. aquatica, they do not grow
at 7°C and below, their optimum temperature is 37—
41°C, are not motile at 4, 22, 30 and 37°C, and show
negative Voges—Proskauer reaction and CAMP test.
Similar to L. aquatica and unlike L. floridensis, they
reduce nitrate and do not reduce nitrite. The main
differential characteristic from other species of the
genus Listeria is the ability to ferment L-rhamnose,
mannose, D-galactose and L-arabinose. The typical
strain is FSL S10—1204 [64].

The species L. cornellensis is represented by straight
sticks with rounded ends, measuring 0.4—0.7 x 2.4—
3.8 mm. The optimum temperature for their growth
is 30—37°C, they are not motile at 4, 22, 30 and
37°C, exhibit negative Voges—Proskauer reaction and
CAMP test. They reduce nitrate and do not reduce
nitrite. Phenotypic traits resemble the species L. gran-
densis. The typical strain is TTU A1-0210 [64].

Phenotypically similar to L. cornellensis are bac-
teria of L. grandensis species, which morphologically
are straight bacilli with rounded ends, 0.6—0.7 x 2.0—
3.1 mm in size. Their optimum growth temperature
is 30—37°C, and they are immobile at temperatures
of 4, 22, 30 and 37°C. Voges—Proskauer reaction and
CAMP test are negative. Reduces nitrate and does not
reduce nitrite. The type strain is TTU A1—0212 [64].
In addition, L. cornellensis and L. grandensis are
the only species of Lisretia unable to cleave L-rham-
nose. At the same time, L. cornellensis differs from
L. grandensis species in its weak lactose cleavage [64].

Bacteria of L. newyorkensis species are immobile
at all temperatures, able to grow in the temperature
range of 4—41°C, the optimal temperature for their
growth is 30—37°C. Able to reduce nitrate but do not
ferment nitrite. Show positive reaction with methyl
red, Voges—Proskauer test negative, unable to ferment
xylitol, D-fructose, o.-mannosidase, D-arabitol, but
do ferment D-galactose, D-ribose and L-arabinose.
The typical strain is FSL M6-0635 [152].

Bacteria of the species L. booriae are non-haemo-
Iytic bacilli, non-motile at all temperatures and capable
of growth between 4—41°C, the optimum temperature
for growth is 30—41°C. They differ from other species
in their ability to ferment D-arabitol, melibiose and
L-arabinose. The typical strain is FSL A5-0281 [152].

The species L. costaricensis shows the greatest
similarity in the structure of 16S rRNA genes with
the type strain L. floridensis (98.7%), which allowed
us to assign it to the same branch as L. fleishman-
nii, L. floridensis and Listeria sensu lato. The typical
strain is CLIP 2016/00682 [123].

L. goaensis are short non-spore-forming gram-pos-
itive immobile bacilli, oxidase-negative, catalase-pos-
itive and exhibit the ability to oi-haemolysis on dishes
with 5% agar with sheep and horse blood [68].

Thus, bacteria of the genus Listeria are ubiquitous
and have a wide adaptive capacity that allows them
to adapt to existence in different environments and,
at the same time, to acquire various uncharacteristic
properties. In this regard, knowledge of phenotypic
features of biological properties of different Listeria
species may be useful in determining approaches
to the detection of epidemically dangerous Listeria
from a variety of environmental objects.

Pathogenicity factors of L. monocytogenes

Currently, L. monocytogenes serves as a model
system for studying the main aspects of intracellular
pathogenesis, as its ability to parasitise in the cyto-
sol of mammalian cells, to use the actin-based mo-
tility system and to spread from cell to cell, avoid-
ing contact with the humoral immune system [150],
to overcome three principal protective barriers on the
way of spreading in the body has been established:
to penetrate through intestinal enterocytes, entering
the blood and lymph, and to overcome the blood-
brain barrier and placental barrier [63]. At the same
time, L. monocytogenes is able to penetrate into tar-
get cells by phagocytosis, including it in those cells
for which it is not characteristic, and, as a result,
to affect various cell types, suppressing at the initial
stages of infection the Thl-type immune response,
which is the main one for the elimination of intra-
cellular parasites, which significantly complicates
the organism’s fight against this pathogen [1].

The most typical features of L. monocytogenes are
an exceptionally large number of surface proteins, an
abundance of transport proteins, in particular pro-
teins designed for carbohydrate transport, and a vari-
ety of regulatory proteins [50].

Surface proteins play an important role in the
interactions of the microorganism with the environ-
ment, including target cells during infection of the
host organism. In this case, the main virulence fac-
tors of L. monocytogenes are such surface proteins as
internalins A and B, necessary for penetration into
eukaryotic cells, and actA, which plays a key role
in actin-based motility [50].

Pathogenicity islands identified in the L. mono-
cytogenes genome are LIPI-1 (prfA, hly, plcA, plcB,
mpl and actA) regulated by the PrfA protein [78],
LIPI-2 (inlABCJ) [151], LIPI-3 (IIsAXAXGHH-
BYDP) [57] and LIPI-4 (licABC, 1m900558-70013
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and glvA) [154]. It has been found that the presence
of the pathogenicity island LIPI-3 in the genome
of the bacterium causes a high level of its virulence
and is often accompanied by the development of the
meningoencephalic form of the disease [3].

The pathogenesis of L. monocytogenes requires
the coordinated expression of six genes, namely prfA4,
plcA, hly, mpl, actA and plcB, which are mainly local-
ised to the pathogenicity island LIPI-1 [150] regulated
by the transcription regulator PrfA [56]. The processes
activated by PrfA are crucial for the infection cycle
of L. monocytogenes. They include phagosome lysis
with release of bacteria into the cytoplasm and ac-
tin-dependent intercellular mobility of bacteria [77].
For example, the prfA gene encodes the transcription
activator prfA, which directly or indirectly induces
the transcription of more than 140 genes, including
the other five genes found in LIPI-1 [129]. The plcA and
pleB genes encode phospholipases C, which in combi-
nation with listeriolysin O (LLO) protect bacteria from
cytoplasmic phagosomes [143]. The mpl gene encodes
a zinc-metalloprotease required for pro-plcB matura-
tion [134], and the actA gene product is a multifunc-
tional virulence factor [149].

Auxiliary, or minor, virulence factors of L. mono-
cytogenes are the products of 13 genes, 5 of which
are associated with bacterial adhesion to and/or in-
vasion into mammalian cells. The iap (invasion-a-
associated p protein) gene encodes the extracellular
protein p60, which has murein hydrolase activity and
is required for bacterial division and invasion into
target cells [150]. The /peA gene encodes a protein
that belongs to the lipoprotein receptor associated
antigen I (Lral) superfamily. Lral proteins, in turn,
are associated with the bacterial surface and include
several adhesion proteins of many gram-positive
pathogenic bacteria, such as the adhesins PsaA, also
typical of Streptococcus pneumoniae, FimA, typi-
cal of Streptococcus parasanguinis, and EfmA, also
characteristic of Enterococcus faecium [110]. The lpeA
gene also encodes the extracellular domain of SBP
(“Streptococcal solute binding proteins™), which
in L. monocytogenes binds Zn>" and Mn?" and me-
diates entry into eukaryotic cells, including hepato-
cytes and macrophages [135].

The IpsA gene encodes a protein of the same name,
which is a type II signal peptidase required for /peA
maturation [136], with genetic defects in IpsA4 causing
improper maturation of /peA, subsequent loss of its
proper surface localisation and ultimately a signifi-
cant weakening of L. monocytogenes virulence.

The lap gene encoding a protein of the same name
(Listeria adhesion protein p) promotes adhesion to in-
testinal epithelial cells and facilitates extraintestinal
dissemination of bacteria [51]. Specifically, the lap
gene product interacts with its cognate host cell re-
ceptor, heat shock protein 60 (Hsp60) on the apical
side and causes dysfunction of the epithelial barrier,
which favours translocation of L. monocytogenes across

it [71]. Lap is an alcohol acetaldehyde dehydrogenase
(Imo1634) present in both pathogenic and non-path-
ogenic Listeria species [91]. However, lap exhibits
virulent properties only in pathogenic Listeria due
to the lack of secretion and surface reassociation of /ap
in non-pathogenic species [52, 91]. The interaction
of lap with the host cell receptor Hsp60 leads to ac-
tivation and nuclear translocation of nuclear factor-
kB (NF-xB), which causes activation of myosin light
chain kinase (MLCK) [71]. Activated MLCK phos-
phorylates myosin light chain (MLC), which predis-
poses cellular redistribution of tight junction proteins
(claudin-1 and occludin) and adhesive junction protein
(E-cadherin) and opening of the intercellular junc-
tion [71]. Consequently, L. monocytogenes performs
efficient translocation across the intestinal barrier by
activating the Lap-Hsp60-NF-kB-MLCK axis [70].

The fbpA gene encodes an adhesin containing
fibronectin-binding domains; this protein provides
adhesion to target cells, especially hepatocytes [127].

The genome of L. monocytogenes also contains
genes encoding enzymes that protect bacteria from
the host immune system or increase their survival
in the cytosol of infected cells. For example, the pdgA
and oatA genes (peptidoglycan-N-deacetylase and
O-acetylase, respectively) may be required for re-
sistance to host lysozyme. Mutations in these two
genes result in increased sensitivity of peptidogly-
can to lysozyme inducing attenuation of L. monocy-
togenes virulence [133].

The IplA1 gene encodes a lipoatligase that pro-
motes cytosolic replication of Listeria in target
cells [96].

The gfcA gene encodes an enzyme that cataly-
ses glycosylation of teichoic acid in the envelope
of L. monocytogenes, which mediates key features
of pathogenicity: proper anchoring of the main sur-
face virulence factors (Ami and InlB); resistance
to antimicrobial peptides and reduced susceptibility
to antibiotics [114].

The prsA2 gene encodes a peptidylprolyl-cis-
trans isomerase that promotes proper protein fold-
ing, which is essential for the maturation and secre-
tion of some proprotein virulence factors (such as
phospholipase C PC-PLC) of L. monocytogenes, and
the IplA1 gene is required for intracellular survival
of Listeria [76].

The clpC, clpE and clpP genes encode proteases
that presumably act as mediators of the stress re-
sponse and promote intracellular replication [150].

Hypervirulent isolates of L. monocytogenes, in ad-
dition to the pathogenicity islet LIPI-1, also contain
islets LIPI-3 and LIPI-4 [112]. Moreover, the LIPI-3
islet contains genes encoding listeriolysin S, a second
haemolysin that enhances L. monocytogenes survival
in polymorphonuclear neutrophils, whereas LIPI-4
encodes a cellobiose phosphotransferase system [61]
that enhances invasion into the central nervous sys-
tem, along with maternal-neonatal infection. In ad-
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dition, the pathogenicity islet LIPI-3 contains genes
encoding important virulence factors, namely in-
ternalins. These include the operon InLab, which
promotes invasion of epithelial and other cells, and
inlC, which is involved in intercellular spread [60].
Hypervirulent strains of L. monocytogenes contain-
ing LIPI-3, having a bactericidal function, have been
found to promote intestinal colonisation and can
modulate the host microbiota [132].

Along with genes encoding pathogenicity and
virulence factors, the genome of L. monocytogenes
is characterised by the presence of SSI-1 (Imo0444,
Imo0445, pva, gadDI1 and gadT1) [130] and SSI-2
(1in0464 and 1in0465) stress tolerance islands [87].
It was found that SSI-1 predetermines bacterial re-
sistance to acids, salts, and growth in food [130],
whereas SSI-2 predetermines survival under alkaline
conditions and oxidative stress [57, 87].

It has also been shown that the presence in the
L. monocytogenes genome of the lin gene correlates
with resistance to the macrolide clarithromycin,
the sul gene — to the sulfonamide biseptol, the fosX
gene — to fosfomycin, the aad, ant, and aph genes —
to amikacin, and alleles 1, 8, 15, 18, and 28 of the
pbp-like gene — to beta-lactams [3].

An important specific feature of the genomes
of the genus Listeria, probably also related to the abil-
ity of these bacteria to colonise a wide range of eco-
systems, is the presence of a large number of genes
encoding various transport proteins [50]. As in most
bacterial genomes, the predominant class of transport
proteins in Listeria is ABC-transporters. Moreover,
26% of the genes encoding Listeria transport proteins
are responsible for carbohydrate transport mediated by
the phosphoenolpyruvate-dependent phosphotrans-
ferase (PTS) system, which allows bacteria to utilise
different carbon sources. Furthermore, in many bac-
teria studied so far, PTS is a key link between metabo-
lism and regulation of catabolic operons [146].

Thus, the genome of L. monocytogenes is char-
acterised by the presence of a large variety of genes
responsible for invasion into target cells of the host
organism, survival in them, resistance to antibiotics
and disinfectants, which determines the high patho-
genicity and virulence of bacteria of this species.

Methods of identification of different
Listeria species

The increasing role of Listeria in the structure
of human infectious pathologies makes it necessary
to improve the diagnosis, prevention, and sanitary
and epidemiological surveillance of listeriosis, which
predetermines the creation of new immunobiological
preparations and modern schemes for the isolation
and identification of L. monocytogenes in accordance
with international standards [30]. In addition, it has
been established that L. monocytogenes is character-
ised by variability in morphological, cultural and bio-

chemical properties, which causes difficulties in the
laboratory diagnosis of listeriosis. In particular, it has
been revealed that storage of food products at +22°C
and seafood and dairy products at +6°C may change
the pathogenic properties of Listeria and, in par-
ticular, the loss of haemolytic activity and decreased
production of lecithinase, which is important for the
differentiation of L. monocytogenes from other non-
pathogenic Listeria species [41].

Currently, morphological, bacteriological, bio-
chemical, serological and molecular biological meth-
ods are used to diagnose listeriosis.

Morphological diagnosis of listeriosis is based
on the detection during autopsy of granulomas (lis-
teriomas) in internal organs in the form of whitish,
greyish or yellowish nodules ranging in size from
a poppy seed to a millet grain, which are most of-
ten found in the liver, colon, pharynx, oesophagus,
lungs, spleen and brain [26]. In the initial stages,
listeriomas represent a small focus of inflamma-
tion, in the centre of which a large number of par-
tially phagocytised Listeria are found among decay-
ing leukocytes. Further the number of leucocytes
in the focus increases, and in its peripheral parts an
admixture of fibrin is found. At later stages of the
process on the periphery of the focus there are small
overgrowths of granulation tissue, consisting mainly
of macrophages, which can gradually completely re-
place the area of necrosis. Listeria is practically unde-
tectable in the granulation tissue [153].

The biochemical methods of L. monocytogenes dif-
ferentiation are based on catalase positivity, motility
at 18—25°C and immobility at 37°C, the ability to hy-
drolyse esculin and not to exhibit lecithinase activity,
typical of Listeria parasitising inside the cell, when
cultured on nutrient media containing lecithin [21].

The presence of the gene encodinglecithinase istyp-
ical notonly for L. monocytogenes, but also for L. seeligeri
and L. ivanovii, but not for L. innocua [82]. At the same
time, L. monocytogenes is characterised by induction
of lecithinase activity when activated charcoal is added
to the nutrient medium, whereas L. ivanovii is charac-
terised by lecithinase activity irrespective of the pres-
ence of activated charcoal in the incubation medium,
and L. seeligeri is characterised by the absence of leci-
thinase activity irrespective of the presence of activated
charcoal in the incubation medium [21], which is most
likely due to interspecific differences in the regulation
of the expression of pathogenicity factors. One of the
reasons for the increased production of lecithinase and
other pathogenicity factors in L. monocytogenes is the
activation of the positive regulator of pathogenicity fac-
tor expression PrfA [137], which is highly homologous
in L. monocytogenes, L. ivanovii, and L. seeligeri, but
differs by 3 amino acid residues in these species, pos-
sibly affecting its functionality.

The increase in the production of pathogenicity
factors (particularly lecithinase) by L. monocytogenes
in the presence of activated charcoal is associated
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with its adsorption and, consequently, the elimina-
tion of the autorepressor product produced by Listeria
itself from the incubation medium [75]. In this con-
nection, the restoration of Listeria’s ability to produce
lecithinase upon addition of the sorbent to the incuba-
tion medium should not depend on the composition
of the cultivation medium. At the same time, in the
studies of some specialists a significant difference
in the induction of lecithinase activity on different
media, including media of the same name, produced
by different manufacturers, was found, which may be
due to the following reasons. Firstly, the components
of the medium can influence the adsorption capacity
of carbon, in particular, even trace amounts of deter-
gents can reduce the adsorption properties of carbon.
Secondly, the increase in lecithinase activity when
a sorbent is added to Listeria incubation medium may
be due not only to an increase in the amount of lecithi-
nase produced, but also to an increase in its lecithinase
activity depending on the influence of external factors,
the concentration of which in the medium may vary.

Differentiation of species of the genus Listeria
based on motility at certain temperatures is com-
plicated by the fact that some strains of L. innocua
showed motility at both 37°C and 20°C, while some
strains of L. welshimeri remained immobile at room
temperature [21].

Another biochemical feature of bacteria of the ge-
nus Listeria is the ability to hydrolyse 4 carbohydrates
(manitol, rhamnose, raffinose and D-xylose), but
this ability cannot be used to differentiate L. mono-
cytogenes from L. innocua [21].

Other methods of bacteriological identification
of Listeria, which allow differentiating pathogenic
and non-pathogenic species, often give contradictory
results. In particular, the B-haemolysis characteristic
of L. monocytogenes on blood agar is weakly expressed
in some strains, and some strains show no haemolytic
activity at all [21].

To date, bacteriological confirmation of listeriosis
is the only reliable way to make a final diagnosis [42],
which necessitates the development of new ap-
proaches for isolating, typing, and identifying viru-
lent strains of Listeria in order to identify the most
significant of them in human infectious pathology.

At the same time, the duration of investigations by
bacteriological methods varies from 3—4 days for neg-
ative results to 10—11 days to confirm a positive result.
In addition, the detection of L. monocytogenes in ani-
mal products by microbiological methods is often dif-
ficult due to the high concentration of competitive mi-
croflora, the presence of Listeria-inhibiting food com-
ponents and the generally low level of L. monocytogenes
in samples [122]. Finally, the bacteriological charac-
terisation of Listeria in clinical samples is sometimes
difficult due to the variability of Listeria and its ten-
dency to form coccoid forms [21], predisposing cases
of false identification of Philococcus, Corynebacterium
and Enterococcus as L. monocytogenes and vice ver-

sa. At the same time, the parallel use of biochemical
methods, and, in particular, the typical for L. monocy-
togenes induction of lecithinase activity in the incuba-
tion medium in the presence of sorbents makes it pos-
sible to reliably identify L. monocytogenes from lecithi-
nase-producing Enterococcus spp. and Escherichia coli,
whereas the absence of lecithinase activity in the me-
dium without sorbents distinguishes L. monocytogenes
from staphylococci.

Although serological methods are adjunctive
in the diagnosis of listeriosis, they are often effective
and provide relatively rapid results, ease of reaction,
and the ability to test a variety of biomaterial.

Serological reactions used for the diagnosis of lis-
teriosis include enzyme-linked immunosorbent assay
(ELISA), agglutination reaction (RA), complement
binding reaction (CBR), indirect haemagglutination
reaction (IHGR), and indirect immunofluorescence
reaction (NIRF). Blood and cerebrospinal fluid can be
used as test material, and the result is considered posi-
tive when the antibody titre is from 1:250 to 1:5000 [32].

In the laboratory diagnosis of listeriosis, two se-
rological methods are most often used: complement
binding reaction with inactivated cytoplasmic anti-
gen and indirect haemagglutination reaction with
erythrocyte antigenic diagnosticum [2], which are
not highly specific. In general, serological diagnosis
of listeriosis is not sufficiently effective due to false-
positive results, the diverse antigenic structure of the
bacterium, the antigenic affinity of Listeria with oth-
er microorganism species, and the technical condi-
tions of the reactions [34].

Most serological methods for the detection
of Listeria are based on the use of monoclonal antibod-
ies, which was the first method for typing L. monocy-
togenes serotypes [72]. However, this method is time-
consuming and has a low differential capacity [98].
Therefore, molecular typing methods have become
increasingly popular for Listeria typing [72], includ-
ing ribotyping, multi-target enzyme electrophoresis
(MLEE), pulsed-field gel electrophoresis (PFGE), and
multi-target sequencing (MLST) [90]. Meanwhile,
PFGE is considered the gold standard method for de-
termining Listeria subtypes because of its differential
ability, reproducibility and repeatability [109].

The first monoclonal antibodies for the detection
of Listeria showed specificity to a common flagellar
H-antigen typical for L. monocytogenes, L. ivanovi,
L. innocua, L. weishimeri and L. seeligeri, but not
for 30 cultures of other species, including staphylo-
cocci and streptococci [80]. Subsequently, a genus-
specific panel of monoclonal antibodies developed
by B.T. Butman et al. [53], including 15 specific
antibodies showing affinity to thermostable rho-
dospecific protein with molecular mass from 30 000
to 38 000 Da and not cross-reacting with 21 species
of other microorganisms, including streptococci.
Two monoclonals from this panel were subsequently
used to create a commercial immunoenzyme test
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system (Listeria — EEK) for the detection of Listeria
spp. [62], which has found widespread use as an ad-
ditional, but not alternative, method for the detection
of Listeria spp. in food [138§].

At the same time, polyclonal antibodies used
in the immunofluorescence method and monoclonal
antibodies are currently not practically used for the
diagnosis of listeriosis and retain practical signifi-
cance only in livestock facilities for the prevention
of listeriosis in animals and service personnel [39].

Currently, serological methods used in clinical
laboratory diagnostics and aimed at detecting spe-
cific antibodies to Listeria have been developed. One
of the relatively specific serological methods is the
detection of antibodies to listeriolysin O, the termi-
nal polypeptide fragment of the recombinant mol-
ecule of which is the most specific when screening
sera of listeriosis patients compared to other protein
antigens [84]. At the same time, experts recommend
using this serological method only to detect non-in-
vasive asymptomatic forms of the disease in epidemic
outbreaks of listeriosis [53]. When analysing the sera
of donors and patients with listeriosis, it is advisable
to detect antibodies to the protein antigens of Listeria
(irpA, InIB and actA) associated with pathogenic-
ity [24, 84]. Specific antibodies to Listeria antigens
are detected in the blood from the second week of the
disease and persist for several years after recovery.

At the same time, it is known that Listeria serovars
and serotypes are not speciospecific and may be com-
mon to different Listeria species regardless of their
pathogenicity for humans. In particular, L. monocy-
togenes is characterised by one or more common an-
tigenic determinants with Listeria species other than
L. welshimeri. In this regard, serovar identification
alone, without the use of other methods, does not ac-
curately identify listeriosis [50].

Thus, serological methods for diagnosing listeri-
osis have a number of disadvantages, including low
specificity (Listeria antigens are very similar in struc-
ture to antigens of other microorganisms, so false-
positive or false-negative results are often obtained),
the possibility of detecting not the pathogen itself,
but only antibodies to it, low reliability of the results,
false-negative reactions in severe immunodeficiency
states even in very severe course of listeriosis, and
the possibility of performing the analysis of Listeria
antigens. In general, the results of serological tests
provide certain information about a patient’s possi-
ble contact with the pathogen, but do not allow diag-
nosing listeriosis with a high degree of accuracy even
when several serological methods are used, including
due to the antigenic affinity of Listeria with staphylo-
cocci, enterococci and erysipeloid [20].

The diagnosis of listeriosis can be suspected or made
ifthere is a reliable difference in antibody titres in paired
sera of patients with a characteristic clinical picture
(RA with coloured diagnostics, RBC, NIRF, RNAS),
cerebrospinal fluid (NIRF, PCR, ELISA, microscopy)

and bacteriological examination by enrichment with
charcoal immunoglobulin sorbent [13, 39, 42].

At the same time, serological methods of labora-
tory diagnostics of listeriosis remain the main meth-
ods in the practice of Russian bacteriologists and allow
establishing the presumed diagnosis with further con-
firmation by bacteriological methods [40]. However,
the slide agglutination method is relatively simple and
reliable, requiring the availability of agglutinating lis-
teriosis sera, the improvement of methods for obtain-
ing which is very important at present.

One of the relatively fast, highly effective methods
for the detection of L. monocytogenes is the molecular
biological method of PCR and enzyme immunoas-
say [27] using the highly specific chromogenic me-
dium ALOA-agar [48].

The specificity and high sensitivity of PCR have
been confirmed on various strains of pathogenic
Listeria, but poor lysis of some Listeria strains, appar-
ently related to the structure of the cell wall, may give
false-negative results [21]. In this regard, some spe-
cialists recommend PCR using Listeria cells added
to the reaction mixture without pretreatment with
lytic enzymes [67]. In addition, the multi-targeted
variable number of tandem repeats assay (MLVA),
a PCR-based typing method that characterises bacte-
ria by detecting tandem repeats at several specific loci
in the bacterial genome, is quite informative [79, 108].

Matrix Assisted Laser Desorption/lonisation
Time of Flight (MALDI-ToF) is a relatively ef-
fective method for the identification of L. monocy-
togenes [12]. At the same time, there are reports in the
literature that species identification of Lisferia spe-
cies by MALDI-ToF is not always correct, which may
be due to the influence of various factors, such as cul-
tivation conditions, the composition of nutrient me-
dia, and the level of polymorphism of strains taken
for research [89, 125].

Real-time polymerase chain reaction is a com-
paratively fast and practical alternative to the micro-
biological method for the detection of Listeria [35].
Therefore, the development of species-specific PCR
methods for the detection of the L. monocytogenes
genome is an urgent task. For PCR identification
of L. monocytogenes, various genes are used as tar-
gets: 16S and 23S rRNA, prs, gyrB, rpoB, hly, inlA
and inlB, plcA, iap, etc. [17, 21, 69, 113, 121, 147]. At
the same time, the real-time PCR method does not
allow distinguishing viable bacterial cells from non-
viable ones; therefore, positive results obtained using
this method must necessarily be confirmed by a tra-
ditional microbiological method [35].

To determine the serological affiliation of Listeria
cultures, according to the world classification, it is
recommended to use the multiplex PCR method
based on the correlation between the serogroup af-
filiation of an isolate and the presence of specific
open reading frames in its genome [9, 16], which
makes it possible to identify the diversity of L. mono-
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cytogenes cultures and differentiate the strains of epi-
demic significance and danger to humans [39].

To obtain Listeria isolation media, it is neces-
sary to study the optimal conditions for their growth
and reproduction and to determine the optimal
concentrations of nutrient elements. Lisferia have
been found to grow on simple nutrient media, capa-
ble of reproduction in a wide range of temperatures
(4—45°C), pH (5.0-9.0), and humidity, in the pres-
ence of 20% NaCl and 15% CO, [29, 49]. The high
metabolic plasticity of Listeria determines the possi-
bility of their transition from the saprophytic phase
to the parasitic phase and vice versa; optimal culti-
vation conditions are necessary to preserve the viru-
lent properties of Listeria, which is important for the
accumulation of full biomass [29]. At the same time,
the cultivation conditions (composition of nutrient
media, temperature and incubation time) influence
the polymorphism of Listeria, which complicates
the estimation of the results of bacteriological analysis
and may lead to errors in diagnosis [5]. In particular,
the prolonged stay of Listeria in cold storage prede-
termines the presence of most of the microorganisms
at the L-transformation stage, which requires a long
time of their reversion in enrichment media for the
detection of pathogens [5]. In this regard, accurate
diagnosis of Listeria requires the use of methods such
as DNA diagnosis, PCR and ELISA [5].

At the same time, accelerated methods such as
ELISA, PCR, DNA-DNA and DNA-RNA hybridi-
sation, radioimmunological methods, and the use
of chromogenic nutrient media are the most suit-
able for the detection of L. monocytogenes in perish-
able products, which are characterised by high speed
of analysis, sensitivity and specificity, and low con-
sumption of nutrient media. High sensitivity and
specificity in detecting L. monocytogenes has been
shown forthe test system LOCATE® Listeria, in which
highly specific monoclonal antibodies to thermosta-
ble O-antigens or somatic antigens of the Listeria cell
wall are used as antibodies [6]. Proteomics methods
involving mass spectrometric analysis of proteins are
also used to diagnose listeriosis [31].
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dustry and require the development of new im-
munobiological preparations, culture media and
modern schemes for the isolation and identification
of L. monocytogenes.

L.

Antomuna W.®., MesenueBa M.B. Listeria monocytogenes: pacmpocTpaHeHMe ¥ MeXaHM3Mbl MMMYHHOrO OTBeTa //
Wudexuus u ummynuret. 2012. T. 2, No 3. C. 627—-634. [Antoshina I.F., Mezentseva M.V. Listeria monocytogenes: spread-
ing and mechanisms of immune response. Infektsiya i immunitet = Russian Journal of Infection and Immunity, 2012, vol. 2, no. 3,
pp. 627—634. (In Russ.)| doi: 10.15789/2220-7619-2012-3-627-634

Ap3eimberoBa K. X., AxmetoBa A.T., Hypranuesa K.2K. JlabopaTopHast nmarHocTuka Jucteprosa // MenuInHCKWI KypHal
3amagHoro Kasaxcrana. 2011. T. 30, Ne 2. C. 12—15. [Arzymbetova Zh.H., Ahmetova A.T., Nurgaliyeva K.Zh. Laboratory di-
agnostic of listeriosis. Meditsinskiy zhurnal Zapadnogo Kazakhstana = Medical Journal of Western Kazakhstan, 2011, vol. 30, no. 2,
pp. 12—15. (In Russ.)]

Acramikun E.UN., AnexceeBa E.A., bop3enkosB B.H., Kuciuukuna A.A., Myxuna T.H., I1natonoB M.E., Cetou D.A.,
enenun A.Il., ®@ypcoa H.K. MoekyasapHo-reHeTHYECKasl XapaKTEpPUCTHKA IMOJMPE3UCTEHTHBIX IITaMMOB Listeria
monocytogenes 1 UACHTU(GUKAIINS HOBBIX CUKBEHC-TUIIOB // MoJeKyIsipHas TeHETUKA, MUKPOOMOIOTHST 1 BUPYCOJIOTHS.
2021. T. 39, Ne 5. C. 3—13. [Astashkin E.I., Alekseeva E.A., Borzenkov V.N., Kislichkina A.A., Mukhina T.N., Platonov M.E.,
Svetoch E.A., Shepelin A.P., Fursova N.K. Molecular genetic characteristics of polyresistant Listeria monocytogenes strains and
identification of new sequence types. Molekulyarnaya Genetika, Mikrobiologiya i Virusologiya = Molecular Genetics, Microbiology
and Virology, 2021, vol. 39, no. 4, pp. 3—13. (In Russ.)| doi: 10.17116/molgen2021390413

873



I.A. Derevyanchenko, L.A. Kraeva MHdekumns n uMmyHuTeT

4. bangcoBa H.A., AnmumoB A.M. CTaOMJIBHOCTh IITAMMOB JIMCTepUid // YueHble 3amucku KasaHcKoil rocymapcTBEHHOM
aKkaJeM1y BeTepruHapHoit Mequimubl M. H.9D. baymana. 2017. T. 230, No 2. C. 24-26. [Balyasova N.A., Alimov A.M. Stability
of listeria strains. Uchenyye zapiski Kazanskoy gosudarstvennoy akademii veterinarnoy meditsiny im. N.E. Baumana = Scientific notes
of the Kazan State Academy of Veterinary Medicine. N.E. Bauman, 2017, vol. 230, no. 2, pp. 24—26. (In Russ.)|

5. bannukona [.A., [1aBnosa U.b., Kononenko A.b., bonotckuit M.H., bputosa C.B. Mopdosorus nonyasguuit aucrepuii
MpY pa3IMYHBIX YCIOBUSX KYJIbTUBUPOBAHUS (CKaHUpYIOIIAsl 3J1eKTpoHHass Mukpockonus). | coobienue // Poccuiickuit
xypHal «[Ipo6iaeMbl BeTepuHapHOU CAHUTAPU U, TUTUEHBI ¥ 9Kostorun». 2009. T. 2, Ne 2. C. 1-7. [Bannikova D.A., Pavlova [.B.,
Kononenko A.B., Bolotsky M.N., Britova S.V. Morphology of listeria popylation under thr different conditions of cultivation (scan-
ning electron microscooy). Rossiyskiy zhurnal “Problemy veterinarnoy sanitarii, gigiyeny i ekologii” = Russian Journal “Problems
of Veterinary Sanitation, Hygiene and Ecology”, 2009, vol. 2, no. 2, pp. 1-7. (In Russ.))

6. bonorckmit M.H. Wunukamums Listeria monocytogenes B TIPOIOBOJBCTBEHHOM CBIpbe M IPOAYKTaX KUBOTHOTO
npoucxoxaeHus meronom MDA // BerepunapHas natonorus. 2007. Ne 2. C. 46—49. [Bolotsky M.N. Indication of Listeria
monocytogenes in food raw materials and products of animal origin by EIA. Veterinarnaya patologiya = Veterinary Pathology,
2007, no. 2, pp. 46—49. (In Russ.)|

7.  bysonaesa JI.C., TepexoBa B.E. BeixkxuBaeMocTh M afanTUBHAs U3MEHYMBOCTD IITaMMOB Listeria monocytogenes B MOPCKOI
u peuHoit Bozie // Betepunapnas naromorust. 2004. Ne 5 (11). C. 31-35. [Buzoleva L.S., Terekhova V.E. Survival and adaptive
variability of Listeria monocytogenes strains in sea and river water. Veterinarnaya patologiya = Veterinary Pathology, 2004, no. 4
(11), pp. 31-35. (In Russ.)|

8. Bacunbes [I.A., Mactuienko A.B., KoBanesa E.H. Pa3zpaboTka cucTeMbl MOJIEKYISPHO-TEHETUIECKOIM IETEKIIUY OaKTeprii
BuOB Listeria monocytogenes u Listeria ivanovii / BecTHUK Ypabckoii rocy1apCTBEHHOM CeTbCKOX03TCTBEHHOM aKaIeMUH.
2014. Ne 1 (25). C. 43—46. [ Vasilyev D.Ar., Mastilenko A.V., Kovaleva E.N. Development of a system of molecular genetic detec-
tion of bacteria types of Listeria monocytogenes and Listeria ivanovii. Vestnik Ural’skoy gosudarstvennoy sel’skokhozyaystvennoy
akademii = Bulletin of the Ural State Agricultural Academy, 2014, no. 1 (25), pp. 43—46. (In Russ.)]

9. BacunbeB JI.A., KoBanesa E.H., Mactunenko A.B. UneHTudukamus 6akrepuit BugoB Listeria monocytogenes u Listeria
ivanovii Mmetogom mynprumiekcHoi ITLP B pexxume «peanbHoro Bpemenn» // buoruka. 2014. T. 1, Ne 1. C. 3—6. [Vasiliev D.A.,
Kovaleva E.N., Mastilenko A.V. Identification of bacteria species Listeria monocytogenes and Listeria ivanovii by multiplex real-
time PCR. Biotika = Biotika, 2014, vol. 1, no. 1, pp. 3—6. (In Russ.)]

10. Tanbuesa I'.B., ®enopenko JI.M., MuxeBarosa B.b., byranosa E.E. JlabopaTtopHast nmarHoctuka Jucreprosa // Ycmexu
coBpeMeHHOro ecrecrBo3Hanmg. 2006. Ne 1. C 52-53. [Galtseva G.V., Fedorenko L.M., Ingevatova V.B., Bulanova E.E.
Laboratory diagnostics of listeriosis. Uspekhi sovremennogo yestestvoznaniya = Success in Modern Natural Science, 2006, no. 1,
pp. 52—53. (In Russ.)|

11. T'pombiko H.JI., 3axapenkoBa T.H., Keno6kosa T.W., Henoceiikuna M.C., KyctoBa M.A. AKy1iiepcKue acreKThl IUCTepro3a //
[MpoGaembl 3m0poBbs U akojoruu. 2013. Ne 3 (37). C. 132—136. [Gromyko N.L., Zakharenkova T.N., Zhelobkova T.I.,
Nedoseikina M.S., Kustova M.A. Obstetrical aspects of listeriosis. Problemy zdorov’ya i ekologii = Problems of Health and Ecology,
2013, no. 3 (37), pp. 132—136. (In Russ.)]

12. Heryme K.B., boryn A.I., Myxuna T.H., ConomenueB B.M. CpaBHeHuE METOHOB MPSMOrO HaHECEHUS OMOMAcChl
1 OENIKOBBIX SKCTPAKTOB MPU UACHTU(GUKAIINU MUKpoopraHu3MoB poxa Listeria metronom MALDI-TOF-tunupoBanus //
baktepuonorus. 2018. T. 3, Ne 3. C. 28—33. [Detushev K.V., Bogun A.G., Mukhina T.N., Solomentsev V.I. Comparing methods
of direct application of biomass and protein extracts in identification of microorganisms of the genus of listeria by MALDI-ToF
typing method. Bakteriologiya = Bacteriology, 2018, vol. 3, no. 3, pp. 28—33. (In Russ.))

13. Eroposa M.10., lIri6anoBa B.A. Jlukue K UBOTHbIE KaK UICTOUHUK MUIIEBbIX TOKCUKOMHGbEKIIMH yesaoBeka // BerepuHapHasi
natosorus. 2014. Ne 5. C. 45—49. [Egorova [.Yu., Tsybanova V.A. Wild animals as a source of human food poisoning. Veterinarnaya
patologiya = Veterinary Pathology, 2014, no. 4, pp. 45—49. (In Russ.)]

14. EpmonaeBa C.A., TaprakoBckuit M.C. Perynsiuus skcnpeccuu ¢akTopoB BUpyJeHTHocTH y Listeria monocytogenes //
2KypHan MukpoOuoaoruu, snuaeMuoioru u ummynoouonoruun. 2001. Ne 3. C. 106—110. [Ermolaeva S.A., Tartakovskii L.S.
Virulence factor expression regulation in Listeria monocytogenes. Zhurnal mikrobiologii, epidemiologii i immunobiologii = Journal
of Microbiology, Epidemiology and Immunobiology, 2001, no. 3, pp. 106—110. (In Russ.))

15. 3aitueBa E.A. OcobeHHOCTM OMOJIOrMYECKMX CBOMCTB OakTepuu Buaa Listeria innocua, BbIAEJIEHHBIX Ha TEPPUTOPUU
IMpumopckoro kpast // AnbMaHax KiuHudeckoir Menuiimuel. 2017. T. 45, Ne 2. C. 147—153. [Zaitseva E.A. Specific biologi-
cal properties of Listeria innocua spp. isolated in Primorye Territory. Al'manakh klinicheskoy meditsiny = Almanac of Clinical
Medicine, 2017, vol. 45, no. 2, pp. 147—153. (In Russ.)]

16. 3aiiueBa E.A., EpmonaeBa C.A. [duddepeHuunanus mraMMmoB Listeria monocytogenes METOIOM MYJIbTUILIEKCHOR
MOJIMMepa3Hoi IemHoi peakuuu // TUXooKeaHCKWiT MemWIMHCKMA XypHal 2014, Ne 3. C. 40—42. [Zaytseva E.A.,
Yermolaeva S.A. Differentiation of listeria monocytogenes strains by the method of multiplex polymerase chain reaction.
Tikhookeanskiy meditsinskiy zhurnal = Pacific Medical Journal, 2014, no. 3, pp. 40—42. (In Russ.))

17. 3aituena E.A., EpmonaeBa C.A., Ilyxosckast H.M., MycaroB FO.C., UBanos JI.U., Comon I.I1. PacnipocTpanenue Listeria
monocytogenes 1 ee posib B MH(PEeKIIMOHHOI matosoruun Ha JlanbHeM BocTtoke Poccum // TuxookeaHCKMit MEAUMLIMHCKU I
xypHai 2010. Ne 5. C. 19-23. [Zaitseva E.A., Ermolaeva S.A., Pukhovskaya N.M., Musatov Yu.S., Ivanov L.I., Somov G.P.
Spreading Listeria monocytogenes and its role in infectious pathology in the russian far east. Tikhookeanskiy meditsinskiy zhur-
nal = Pacific Medical Journal, 2010, no. 4, pp. 19—23. (In Russ.))

18. 3aiinena E.A., ®ensuuna JI.H. O Hecrienuduyeckoii mpoduirakTuke 1ucTepro3a // TUX00KeaHCKMI METULIMHCK WA XKy pHAaJI.
2010. Ne 5. C. 5-7. [Zaitseva E.A., Fedyanina L.N. On non-specific prevention of listeriosis. Tikhookeanskiy meditsinskiy zhur-
nal = Pacific Medical Journal, 2010, no. 4. pp. 5—7. (In Russ.))

19. 3aiinesa E.A., Comos I.Il. Mukpo6uonornveckas xapakTepuctuka Listeria monocytogenes, ©U30TMPOBAHHBIX U3 PA3TUIHBIX
ncTouHuKoB B [IpumopckoMm Kpae // ZKypHasl MUKPOOGHOIOTUH, SNMMAEMUOIOTHH U UMMyHo6uooruu. 2006. Ne 2. C. 3—6.
|Zaitseva E.A., Somov G.P. Microbiological characterization of Listeria monocytogenes isolated from different sources in the pri-
morsky territory. Zhurnal mikrobiologii, epidemiologii i immunobiologii = Journal of Microbiology, Epidemiology and Immunobiology,
2006, no. 2, pp. 3—6. (In Russ.)]

874



2024, T. 14, Ne 5 Listeria spp. bacteria

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

Wnunatynun P.W. JluarHocTW4ecKuii MOHUTOPWHT JUCTepro3a // Bompocsl HOpMATWBHO-TIPAaBOBOTO DPETYJIUPOBAHUS
B BetepuHapuu. 2010. Ne 5. C. 23—26. [Idiatulin R.1. Diagnostic monitoring of listeriosis. Voprosy normativno-pravovogo reguliro-
vaniya v veterinarii = Issues of Legal Regulation in Veterinary Medicine, 2010, no. 4, pp. 23—26. (In Russ.)|

Kapmosa T.U., EpmonaeBa C.A., JlonsipeB U.B. HoBele MeTonbl nuaeHTuduKanuu Listeria monocytogenes // KnnmHuueckas
MUKPOOHOJIOTHS 1 aHTUMUKpoOHast xumuoTtepanus. 2001. T. 3, Ne 3. C. 266—227. [Karpova T.I., Ermolaeva S.A., Lopirev L.V,
Brodinova N.S., Tartakovski I.S., Vazquez-Boland J.A. New Methods for Identification of Listeria monocytogenes. Klinicheskaya
mikrobiologiya i antimikrobnaya khimioterapiya = Clinical Microbiology and Antimicrobial Chemotherapy, 2001, vol. 3, no. 3,
pp. 266—227. (In Russ.)]

Kynukobckuii A.B., Xanues 3.}0., Makapos /I.A., Komapo A.A. [luineBass MUKpOOMOJOTUS: IMEPIKEHTHBIE 300HO3HI.
M.: UznarennctBo FOpaiit, 2019. 233 c. [Kulikovsky A.V., Khaptsev Z.Yu., Makarov D.A., Komarov A.A. Food microbiology:
emerging zoonoses. Moscow: Yurayt Publishing House, 2019. 233 p. (In Russ.)]

Jlabunckas A.C., KoctiokoBa H.H., UBanoBa C.M. PykoBoaCTBO M0 MEAMLIMHCKOK MUKpoOUonoruu. YacTHas MenMIIMHCKAS
MUKPOOMOJIOTUS 1 dTUOIOTHYecKast nuarHoctuka nHbeknuit. M.: BUHOM, 2012. 1152 c. [ Labinskaya A.S., Kostyukova N.N.,
Ivanova S.M. Guide to medical microbiology. Private medical microbiology and etiological diagnosis of infections. Moscow:
BINOM, 2012. 1152 p. (In Russ.))

MyxkanTtaeB K.H., beranuena A., Inip6ait b., Paiieim6ex I., Kasbiken ., Ceruzbaesa I.2K. [TonyyeHne peKOMOMHAHTHOTO
anturera p60 Listeria monocytogenes // buotextnonorus. Teopust u mpaktuka. 2015. Ne 1. C. 17-25. [Mukantayev K.N.,
Shustov A.B., Sydyknabi I., Bigalyeva A., Raiymbek G., Mukanov K.K. Obtaining of recombinant protein fragment of the GP51
antigen virus of bovine leukemia expressed in E.coli without insert thioredoxin. Biotekhnologiya. Teoriya i praktika = Biotechnology.
Theory and Practice, 2015, no. 1, pp. 17-25. (In Russ.)| doi: 10.11134/btp.1.2015.2

Myxwuna JI.Bb., Imutpuena E.FO. Opranusanus KOHTpOJs 32 paclipocTpaHEeHUEeM BO30yIUTeNs JucTepro3a Listeria mono-
cytogenes Ha pwiOornepepabarbiBatomux npeanpusdtusx. CI16.. Mopunrex, 2003. 32 c¢. [Mukhina L.B., Dmitrieva E.Yu.
Organization of control over the spread of the causative agent of listeriosis Listeria monocytogenes at fish processing plants.
St. Petersburg: Morintech, 2003. 32 p. (In Russ.)|

Hadeer A.A., CumopoBa H.H., Jlebenpko A.M., HukonoB O.A., Munaes M.IO., CaiipyrnuHoBa ®.®D., Ilomos B.B.,
MonnukoBa B.M. Ciyuwaii centuko-tudo3Hoit dopmbl mucrteprosa // Knunnueckas menuumna. 2013. Ne 2. C. 58-59.
[Nafeev A.A., Sidorova N.N., Lebed’ko A.M., Nikonov O.A., Minaev M.Yu., Saifutdinova F.F., Popov V.V., Mednikova V.I.
Clinical manifestations of listeriosis sepsis. Klinicheskaya meditsina = Clinical Medicine, 2013, no. 2, pp. 58—59. (In Russ.))
Heuaep A.IO. CpaBHUTENbHBII aHAIMU3 Pe3yJbTaTOB BbisiBIeHMs Listeria monocytogenes B Msice MU MsICONMPOAYKTax //
MexnyHaponHblii BecTHUK BetepuHapuu. 2009. Ne 3. C. 13—17. [Nechaev A.Y. Comparative analysis of results for the de-
termination of Listeria monocytogenes in meat and meat products. Mezhdunarodnyy vestnik veterinarii = International Bulletin
of Veterinary Medicine, 2009, no. 3, pp. 13—17. (In Russ.)]

Onemenko E.I1., Andeposa E.B. Jluctepuu kak Bo30yauTeau NUILEBbIX MHOeKUI // 3n0poBbe. MeauIIMHCKAs 9KOJOTHS.
Hayxka. 2012. Ne 3—4. C. 211-212. [Oleshchenko E.P., Alferova E.V. Lister as causative agents of food borne infections. Zdorovye.
Meditsinskaya ekologiya. Nauka = Health. Medical Ecology. The Science, 2012, no. 3—4, pp. 211-212. (In Russ.)|

OmapoBa C.M., UcaeBa P.M. Bbuonormyeckue cpoiicTBa mTaMMoOB Listeria monocytogenes, BbIIEJIECHHBIX Ha HOBBIX
OTEUECTBEHHBIX CEJIEKTUBHBIX MUTATENbHBIX Cpelax W3 KJIWHUYECKOro MaTepuana TpU OUAarHOCTUKE JIHNCTepuo3a
OGepeMEHHBIX ¥ HOBOPOXIEHHBIX // AcTpaxaHCKuii MeauuuMHcKuii XxypHan. 2011, T. 6, Ne 1. C. 147—151. [Omarova S.M.,
Isaeva R.I. The biological properties of Listeria monocytogenes strains received on the base of new home-produced selective
nutritive media from the clinical material in listeria diagnostics of pregnant women and new-borns. Astrakhanskiy meditsinskiy
zhurnal = Astrakhan Medical Journal, 2011, vol. 6, no. 1, pp. 147—151. (In Russ.))

OmapoBa C.M., AxmenoBa 9.M., MyprazanueBa [1.M. IlutatenbHbie cpemabl AN M3YyYeHUS OUMOJOTMUYECKUX CBOMCTB
nuctepuit // KypHan Mukpobuoiornu, amuaemMuoiorun u ummyHnoouonoruu. 2007. Ne 3. C. 95-97. [Akhmedova E.M.,
Omarova S.M., Murtuiaheva P.M., Nurmagomedova Z.M. Nutnent media for study of biologic characteristics of listeria. Zhurnal
mikrobiologii, epidemiologii i immunobiologii = Journal of Microbiology, Epidemiology and Immunobiology, 2007, no. 3, pp. 95—97.
(In Russ.)|

IMuckynos A.B., IIpynrosa O.B., [llagposa H.b., Pyunosa O.W. WUcnonbs3oBanue MALDI-ToF macc-cniekTpoMerpuu ajist
naeHTuuKanuu 6akTepuii poma Listeria // Tpynbl denepalbHOro EHTpa OXpaHbl 310poBbs KUBOTHBIX. 2011. T. 9, No 1.
C. 242-249. [Piskunov A.V., Pruntova O.V., Shadrova N.B., Ruchnova O.I. Application of MALDI-ToF mass-spectrome-
try for identification of Listeria species. Trudy federal’nogo tsentra okhrany zdorov’ya zhivotnykh = Works of the Federal Center
Sfor Animal Health, 2011, vol. 9, no. 1, pp. 242—249. (In Russ.))

[Mokposckuit B.U., Ilak C.I., bpuko H.W., Janunkun b.K. MHDex1InoHHbIE 00JIE3HU U 3MUIEMUOJIOrU: yUeOHUK. M.:
I'POTAP-Menua, 2009. 816 c. [Pokrovsky V.I., Pak S.G., Briko N.I., Danilkin B.K. Infectious diseases and epidemiology: a text-
book. Moscow: GEOTAR-Media, 2009. 816 p. (In Russ.))

IMTomanckast JILA. O pa3sMHOXEHWY JIMUCTEPUii B TIouBe // MUKPOOUOJIOTHSI, SMUASMUOJIOTHsI, UMMYHOOHOomorus. 1963. Ne 6.
C. 99—101. [Pomanskaya L.A. On the reproduction of listeria in the soil. Mikrobiologiya, epidemiologiya, immunobiologiya =
Microbiology, Epidemiology, Immunobiology, 1963, no. 6, pp. 99—101. (In Russ.))

Canosa H.B., 3amnataukoB A.Jl. BpoxaeHHbI quctepnos // Pycckuit mepuumHekuin xypraia. 2008. N 18. C. 162—165.
[Sadova N.V., Zaplatnikov A.L. Congenital listeriosis. Russkiy meditsinskiy zhurnal = Russian Medical Journal, 2008, no. 18,
pp. 162—165. (In Russ.)|

Cxurosuu [.C., lagposa H.b., [IpynTtoBa O.B., CepoBa K.B. Ontumusauus [11IP B peasbHOM BpeMeHU 1Jis1 BbISIBICHUS
reHoma Listeria monocytogenes // Berepunapus ceromus. 2018. T. 26, Ne 3. C. 63—68. [Skitovich G.S., Shadrova N.B.,
Pruntova O.V., Serova K.V. Real-time PCR optimization for Listeria monocytogenes genome detection. Veterinariya segodnya =
Veterinary Today, 2018, vol. 26, no. 3, pp. 63—68. (In Russ.)]

Cunopenko M.JI. BiusiHue neTyyux MeTaboauToB 6akTepuii pona Pseudomonas Ha pa3MHOXEHHUE MaTOreHHBIX OaKTepuii //
Tuxookeanckuit MmenuuuHckuii xxypHai. 2001. Ne 7. C. 131. [Sidorenko M.L., Buzoleva L.S. Influence of volatile metabolites
of bacteria of the genus Pseudomonas on the reproduction of pathogenic bacteria. Tikhookeanskiy meditsinskiy zhurnal = Pacific
Medical Journal, 2001, no. 7, p. 131. (In Russ.)]

875



I.A. Derevyanchenko, L.A. Kraeva MHdekumns n uMmyHuTeT

37. ComoB [.I1. OcoGeHHOCTM 3KOJOTUM BHEOPTAHWU3MEHHBIX TOMYJISAIMI TATOTeHHBIX OaKTepuil W UX OTpaxkeHue
B anuaeMuosioruu uHbekuu // KypHana MUKPOOWOIOTUHN, STUISMHUOJOTUU U uMMyHoouomoruu. 1997. Ne 5. C. 12—15.
[Somov G.P. Features of the ecology of extraorganismal populations of pathogenic bacteria and their reflection in the epidemiol-
ogy of infection. Zhurnal mikrobiologii, epidemiologii i immunobiologii = Journal of Microbiology, Epidemiology and Immunobiology,
1997, no. 5, pp. 12—15. (In Russ.)]

38. CrapomymoBa C.M., 3aiinieBa E.A. Crioco6 6bicTpoii naeHTUUKaMK OaKTepuii pona Listeria 1 matoreHHoro Buaa Listeria
monocytogenes ¢ moMoinbio MynbturiekcHoi TTLP // Tuxookeanckuit MmeguuumHckuii xypHai. 2014. Ne 1. C. 95-97.
[Starodumova S.M., Zaitseva E.A. The way of a quick identification of bacteria genus Listeria and pathogenic species of Listeria
monocytogenes by means of the multiplex polymerase chain reaction. Tikhookeanskiy meditsinskiy zhurnal = Pacific Medical
Journal, 2014, no. 1, pp. 95—97. (In Russ.))

39. Taprakosckuit U.C. Jluctepuu: poib B MHOEKIIMOHHOM MaTOJIOr MU YesioBeKa U JabopaTopHas iuarHocTuka // KnvmHuueckas
MUKpoOUoorus u aHTuMukpooHast xumuorepanus. 2000. T. 2, Ne 2. C. 20-30. [Tartakovski I.S. Listeriae: the role in infec-
tion diseases and laboratory diagnostics. Klinicheskaya mikrobiologiya i antimikrobnaya khimioterapiya = Clinical Microbiology and
Antimicrobial Chemotherapy, 2000, vol. 2, no. 2, pp. 20—30. (In Russ.)]

40. XanranoBa H.M., Annpeeckas H.M., JlykpsiHoBa C.B., KonoBanosa XK.A., I'epan H.I\, Octaxk A.C., Tokxmakosa E.T.
Oco6eHHOCTHU CcepoOTUUYeCcKOl NTMarHOCTUKHU JIrcTepro3a (0630p tuteparypsl) // Acta Biomedica Scientifica. 2019. T. 4,
No 1. C. 43—49. [Khaptanova N.M., Andreevskaya N.M., Lukyanova S.V., Konovalova Zh.A., Gefan N.G., Ostyak A.S.,
Tokmakova E.G. Aspects of serological diagnostics of listeriosis (literature review). Acta Biomedica Scientifica, 2019, vol. 4, no. 1,
pp. 43—49. (In Russ.)] doi: 10.29413/ABS.2019-4.1.7

41. llBetkosa H.b. U3mMeHuMBOCTH OMONOrMYecKuX cBoiicTB Listeria monocytogenes moj BAusiHUEM aOUOTUYECKUX (PaKTOPOB //
3nopoBbe. MenunmHckas skoaorus. Hayka. 2012. T. 1-2, No 57—48. C. 253—-257. [Tsvetkova N.B. The variability of the bio-
logical properties of Listeria monocytogenes under the influence of abiotic factors. Zdorov’ye. Meditsinskaya ekologiya. Nauka =
Health. Medical Ecology. The Science, 2012, vol. 1-2, no. 47—48, pp. 253—257. (In Russ.)]

42. KOmyk H.A., Benrepos 10.4. UndekunonHbie 601e3H1: HallMOHAIbHOE pyKoBoacTBo. M.: TDOTAP-Menua, 2015. 1061 p.
[Yushchuk N.D., Vengerov Yu.Ya. Infectious diseases: national guidelines. Moscow: GEOTAR-Media, 2015. 1061 p. (In Russ.)]
doi: 10.33029/9704- 6122-8-INB-2021-1-1104

43. Andre P., Genicot A. First isolation of Listeria welshimeri in a human. Zentralbl. Bakteriol. Mikrobiol. Hyg A., 1987, vol. 263, no. 4,
pp. 605—606

44. Baquero F., Lanza V., Duval M., Coque T.M. Ecogenetics of antibiotic resistance in Listeria monocytogenes. Mol. Microbiol.,
2020, vol. 113, no. 3, pp. 570—579. doi: 10.1111/mmi. 14454

45. Becker B., Schuler S. Schnellnachweis von Listeria monocytogenes in Fleischerzeugnissen. Fleischwirtschaft, 2007, vol. §7, no. 7,
pp. 103—106.

46. Berlec A., Janez N., SterniSa M., Klan¢nik A., Saboti¢ J. Listeria innocua biofilm assay using nanoluc luciferase. Bio Protoc.,
2022, vol. 12, no. 3: e4308. doi: 10.21769/BioProtoc.4308

47. Bertsch D., Rau J., Eugster M.R., Haug M.C., Lawson P.A., Lacroix C., Meile L. Listeria fleischmannii sp. nov., isolated from
cheese. Int. J. Syst. Evol. Microbiol., 2013, vol. 63, pp. 526—532. doi: 10.1099/ijs.0.036947-0

48. Beumer R., Hazeleger W.C. Listeria monocytogenes: diagnostic problems. FEMS Immunol. Med. Microbiol., 2003, vol. 35,
pp. 191—197. doi: 10.1016/50928-8244(02)00444-3

49. Bhunia A.K. Antibodies to Listeria monocytogenes. Crit. Rev. Microbiol., 2008, vol. 23, pp. 77—107. doi: 10.3109/10408419709115131

50. Buchrieser C., Rusniok C., Kunst F., Cossart P., Glaser P. Comparison of the genome sequences of Listeria monocytogenes
and Listeria innocua: clues for evolution and pathogenicity. FEMS Immunol. Med. Microbiol., 2003, vol. 35, no. 3, pp. 207-213.
doi: 10.1016/50928-8244(02)00448-0

51. Burkholder K.M., Bhunia A.K. Listeria monocytogenes uses Listeria Adhesion Protein (LAP) to promote bacterial transepithe-
lial translocation and induces expression of LAP Receptor Hsp60. Infect. Immun., 2010, vol. 78, pp. 5062—5073. doi: 10.1128/
1A1.00516-10

52. Burkholder K.M., Kim K.-P., Mishra K.K., Medina S., Hahm B.-K., Kim H., Bhunia A.K. Expression of LAP, a SecA2-
dependent secretory protein, is induced under anaerobic environment. Microbes Infect., 2009, vol. 11, pp. 859—867. doi: 10.1016/].
micinf.2009.05.006

53. Butman B.T., Plank M.C., Durham R.J., Mattingly J.A. Monoclonal antibodies which identify a genus-specific Listeria antigen.
Appl. Environ. Microbiol., 1988, vol. 54, no. 6, pp. 1564—1569. doi: 10.1128/aem.54.6.1564-1569.1988

54. Carrero J.A., Calderon B., Unanue E.R. Lymphocytes are detrimental during the early innate immune response against Listeria
monocytogenes. J. Exp. Med., 2006, vol. 203, pp. 933—940. doi: 10.1084/jem.20060045

55. ChenJ., Chen Q., Jiang L., Cheng C., Bai F., Wang J., Mo F., Fang W. Internalin profiling and multilocus sequence typing sug-
gest four Listeria innocua subgroups with different evolutionary distances from Listeria monocytogenes. BMC Microbiol., 2010,
vol. 10, no. 1, pp. 97—123. doi: 10.1186/1471-2180-10-97

56. Chen M., ChengJ., Wu Q., ZhangJ., Chen Y., Zeng H., Ding Y. Prevalence, potential virulence, and genetic diversity of Listeria
monocytogenes isolates from edible mushrooms in Chinese markets. Front. Microbiol., 2018, vol. 9, pp. 1711—1722. doi: 10.3389/
Jfmich.2018.01711

57. ChenY., Chen Y., Pouillot R., Dennis S., Xian Z., Luchansky J.B., Porto-Fett A.C.S., Lindsay J.A., Hammack T.S., Allard M.,
Van Doren J.M., Brown E.W. Genetic diversity and profiles of genes associated with virulence and stress resistance among iso-
lates from the 2010—2013 interagency Listeria monocytogenes market basket survey. PLoS One, 2020, vol. 15, no. 4: e0231393.
doi: 10.1371/journal.pone.0231393

58. Chiara M., Caruso M., D’Erchia A.M., Manzari C., Fraccalvieri R., Goffredo E., Latorre L., Miccolupo A., Padalino I.,
Santagada G., Chiocco D., Pesole G., Horner D.S., Parisi A. Comparative genomics of Listeria sensu lato: genus-wide differences
in evolutionary dynamics and the progressive gain of complex, potentially athogenicity related traits through lateral gene transfer.
Genome Biol. Evol., 2015, vol. 7, no. 8, pp. 2154—2172. doi: 10.1093/gbe/evvI31

59. Clayton E.M., Daly K.M., Guinane C.M., Hill C., Cotter P.D., Ross P.R. Atypical Listeria innocua strains possess an intact
LIPI-3. BMC Microbiol., 2014, vol. 14, no. 1, pp. 58—67. doi: 10.1186/1471-2180-14-58

876



2024, T. 14, Ne 5 Listeria spp. bacteria

60.

6l.

62.

63.

64.

65.

66.

67.

68.

69.
70.
71.
72.
73.
74.
75.
76.
71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Cossart P. [lluminating the landscape of host-pathogen interactions with the bacterium Listeria monocytogenes. Proc. Natl Acad.
Sci. USA, 2011, vol. 108, no. 49, pp. 19484—19491. doi: 10.1073/pnas. 1112371108

Cotter P.D., Draper L.A., Lawton E.M., Daly K.M., Groeger D.S., Casey P.G., Ross R.P., Hill C. Listeriolysin S., a novel pep-
tide haemolysin associated with a subset of lineage I Listeria monocytogenes. PLoS Pathog., 2008, vol. 4: e1000144. doi: 10.1371/
Journal.ppat. 1000144

Curiale M.S., Lepper W., Robison B. Enzyme-linked immunoassay for detection of Listeria monocytogenes in dairy products,
seafoods, and meats: collaborative study. J. AOAC Int., 1994, vol. 77, no. 6, pp. 1472—1489. doi: 10.1093/jaoac/77.6.1472
Czuprynski C.J., Brown J.F., Wagner R.D., Steinberg H. Administration of antigranulocyte monoclonal antibody RB6-8C5 pre-
vents expression of acquired resistance to Listeria monocytogenes infection in previously immunized mice. Infect. Immun., 1994,
vol. 62, pp. 5161-5163. doi: 10.1128/iai.62.11.5161-5163.1994

Den Bakker H.C., Warchocki S., Wright E.M., Allred A.F., Ahlstrom C., Manuel C.S., Stasiewicz M.J., Burrell A., Roof S.,
Strawn L.K., Fortes E., Nightingale K.K., Kephart D., Wiedmann M. Listeria floridensis sp. nov., Listeria aquatica sp. nov.,
Listeria cornellensis sp. nov., Listeria riparia sp. nov. and Listeria grandensis sp. nov., from agricultural and natural environments.
Int. J. Syst. Evol. Microbiol., 2014, vol. 64, no. Pt_6, pp. 1882—1889. doi: 10.1099/ijs.0.052720-0

Den Bakker H.C., Manuel C.S., Fortes E.D., Wiedmann M., Nightingale K.K. Genome sequencing identifies Listeria fleis-
chmannii subsp. Coloradonensis subsp. nov., isolated from a ranch. /Int. J. Syst. Evol. Microbiol., 2013, vol. 63, pt 9, pp. 3257—3268.
doi: 10.1099/ijs.0.048587-0

Den Bakker H.C., Cummings C.A, Ferreira V., Vatta P., Orsi R.H., Degoricija L., Barker M., Petrauskene O., Furtado M.R.,
Wiedmann M. Comparative genomics of the bacterial genus Listeria: Genome evolution is characterized by limited gene acquisi-
tion and limited gene loss. BMC Genomics, 2010, vol. 11, no. 1, pp. 688—708. doi: 10.1186/1471-2164-11-688

Destro M.T., Leitao M.F., Farber J.M. Use of molecular typing methods to trace the dissemination of Listeria monocytogenes
in a shrimp processing plant. Appl. Environm. Microbiol., 1996, vol. 62, no. 2, pp. 705—711. doi: 10.1128/aem.62.2.705-711.1996
Doijad S.P., Poharkar K.V., Kale S.B., Kerkar S., Kalorey D.R., Kurkure N.V., Rawool D.B., Malik S.V.S., Ahmad R.Y., Hudel M.,
Chaudhari S.P., Abt B., Overmann J., Weigel M., Hain T., Barbuddhe S.B., Chakraborty T. Listeria goaensis sp. nov. Int. J. Syst.
Evol. Microbiol., 2018, vol. 68, no. 10, pp. 3285—3291. doi: 10.1099/ijsem.0.002980

Doumith M., Buchrieser C., Glaser P. Differentiation of the major Listeria monocytogenes serovars by multiplex PCR. J. Clin.
Microbiol., 2004, vol. 42, no. 8, pp. 3819—3822. doi: 10.1128/JCM.42.8.3819-3822.2004

Drolia R., Bhunia A.K. Crossing the intestinal barrier via Listeria adhesion protein and internalin A. Trends Microbiol., 2019,
vol. 27, no. 5, pp. 408—425. doi: 10.1016/j.tim.2018.12.007

Drolia R., Tenguria S., Durkes A.C., Turner J.R., Bhunia A.K. Listeria adhesion protein induces intestinal epithelial barrier
dysfunction for bacterial translocation. Cell. Host. Microbe, 2018, vol. 23, no. 4, pp. 470—484. doi: 10.1016/j.chom.2018.03.004
Du X.-J., Zhang X., Wang X.-Y., Su Y.-L., Li P., Wang S. Isolation and characterization of Listeria monocytogenes in Chinese
food obtained from the central area of China. Food Control, 2016, vol. 74, pp. 9—16. doi: 10.1016/j foodcont.2016.11.024
El-Shenawy M., Manes J., Soriano J.M. Listeria spp. in Street-Vended ReadytoEat Foods. Interdiscip. Perspect. Infect. Dis., 2011,
vol. 2011, pp. 1—6. doi: 10.1155/2011/968031

El-Shenawy M.A. Listeria spp. in the coastal environment of the Aqaba Gulf, Suez Gulfand the Red Sea. Epidemiol. Infect., 2006,
vol. 134, no. 4, pp. 752—757. doi: 10.1017/509502688505005601

Ermolaeva S.A., Belyi Yu.F., Tartakovskii I.S. Characteristics of induction of virulence factor expression by activated charcoal
in Listeria monocytogenes. FEMS Microbiol. Lett., 1999, vol. 174, no. 1, pp. 137—141. doi: 10.1111/j.1574-6968.1999.tb13560.x
Forster B.M., Zemansky J., Portnoy D.A., Marquis H. Posttranslocation chaperone PrsA2 regulates the maturation and secretion
of Listeria monocytogenes proprotein virulence factors. J. Bacteriol., 2011, vol. 193, pp. 5961—5970. doi: 10.1128/JB.05307-11
Freitag N.E., Port G.C., Miner M.D. Listeria monocytogenes — from saprophyte to intracellular pathogen. Nat. Rev. Microbiol.,
2009, vol. 7, no. 9, pp. 623—628. doi: 10.1038/nrmicro2171

Gaballa A., Guariglia-Oropeza V., Wiedmann M., Boor K.J. Cross Talk between SigB and PrfA in Listeria monocytogenes
Facilitates Transitions between Extra- and Intracellular Environments. Microbiol. Mol. Biol. Rev., 2019, vol. 83, no. 4: e00034-19.
doi: 10.1128/MMBR.00034-19

Gana J., Geebe N., Pierneef R., Moerane R., Adesiyun A.A. Multiple-Locus Variable-Number Tandem Repeat Analysis
Genotypes of Listeria monocytogenes Isolated from Farms, Abattoirs, and Retail in Gauteng Province, South Africa. J. Food
Prot., 2022, vol. 85, no. 9, pp. 1249—1257. doi: 10.4315/jfp-22-081

Gasanov U., Hughes D., Hansbro P.M. Methods for the isolation and identification of Listeria spp. and Listeria monocytogenes:
areview. FEMS Microbiol. Rev., 2005, vol. 29, no. 5, pp. 851—875. doi: 10.1016/j femsre.2004.12.002

Gomez D., Azon E., Marco N., Carramifiana J.J., Rota C., Arifio A., Yangiiela J. Antimicrobial resistance of Listeria monocy-
togenes and Listeria innocua from meat products and meat-processing environment. Food Microbiol., 2014, vol. 42, pp. 61—65.
doi: 10.1016/j.fm.2014.02.017

Gouin E., Mengaud J., Cossart P. The virulence gene cluster of Listeria monocytogenes is also present in Listeria ivanovii, an
animal pathogen, and Listeria seeligeri, a nonpathogenic species. Infect. Immun., 1994, vol. 62, no. 8, pp. 3550—3553. doi: 10.1128/
iai.62.8.3550-3553.1994

Graves L.M., Helsel L.O., Steigerwalt A.G., Morey R.E., Daneshvar M.I., Roof S.E., Orsi R.H., Fortes E.D., Milillo S.R., Den
Bakker H.C., Wiedmann M., Swaminathan B., Sauders B.D. Listeria marthii sp. nov., isolated from the natural environment,
Finger Lakes National Forest. Int. J. Syst. Evol. Microbiol., 2010, vol. 60, no. 6, pp. 1280—1288. doi: 10.1099/ijs.0.014118-0
Grenningloh R., Darji A., Wehland J., Chakaraborty T., Weiss S. Listeriolysin and IrpA are major protein targets of the human
humoral response against Listeria monocytogenes. Infect. Immun., 1997, vol. 65, no. 9, pp. 3976—3980. doi: 10.1128/iai.65.9.3976-
3980.1997

Gudmundsdottir S., Gudbjornsdottir B., Lauzon H.L., Einarsson H., Kristinsson K.G. Listeria monocytogenes isolates from
cold-smoked salmon and its processing environment in Iceland using pulsed-field gel electrophoresis. Int. J. Food Microbiol.,
2005, vol. 101, no. 1, pp. 41-51. doi: 10.1016/].ijfoodmicro.2004.08.023

Hain T., Steinweg C., Kuenne C.T., Billion A., Ghai R., Chatterjee S.S., Domann E., Kérst U., Goesmann A., Bekel T.,
Bartels D., Kaiser O., Meyer F., Piihler A., Weisshaar B., Wehland J., Liang C., Dandekar T., Lampidis R., Kreft J., Goebel W.,

877



I.A. Derevyanchenko, L.A. Kraeva MHdekumns n uMmyHuTeT

Chakraborty T. Whole-genome sequence of Listeria welshimeri reveals common steps in genome reduction with Listeria innocua
as compared to Listeria monocytogenes. J. Bacteriol., 2006, vol. 188, no. 21, pp. 7405—7415. doi: 10.1128/JB.00758-06

87. Harter E., Wagner E.M., Zaiser A., Halecker S., Wagner M., Rychli K. Stress Survival Islet 2, Predominantly Present in Listeria
monocytogenes Strains of Sequence Type 121, Is Involved in the Alkaline and Oxidative Stress Responses. Appl. Environ.
Microbiol., 2017, vol. 83, no. 16: e00827-17. doi: 10.1128/AEM.00827-17

88. Hwang C.-A., Sheen S., Juneja V.K. Effect of salt, smoke compound, and temperature on the survival of Listeria monocytogenes
insalmon during simulated smoking processes. J. Food Sci., 2009, vol. 74, no. 9, pp. 522—529. doi: 10.1111/j.1750-3841.2009.01377.x

89. JadhavS., Gulati V., Fox E.M., Karpe A., Beale D.J., Sevior D., Bhave M., Palombo E.A. Rapid identification and source-tracking
of Listeria monocytogenes using MALDI-ToF mass spectrometry. Int. J. Food Microbiol., 2015, vol. 202, pp. 1-9. doi: 10.1016/}.
ijfoodmicro.2015.01.023

90. Jadhav S., Bhave M., Palombo E.A. Methods used for the detection and subtyping of Listeria monocytogenes. J. Microbiol.
Methods, 2012, vol. 88, no. 3, pp. 327—341. doi: 10.1016/j.mimet.2012.01.002

91. Jagadeesan B., Koo O.K., Kim K.-P., Burkholder K.M., Mishra K.K., Aroonnual A., Bhunia A.K. LAP, an alcohol acetalde-
hyde dehydrogenase enzyme in Listeria promotes bacterial adhesion to enterocyte-like Caco-2 cells only in pathogenic species.
Microbiology, 2010, vol. 156, no. 9, pp. 2782—2795. doi: 10.1099/mic.0.036509-0

92. Jahan M., Holley R.A. Transfer of antibiotic resistance from Enterococcus faecium of fermented meat origin to Listeria monocy-
togenes and Listeria innocua. Lett. Appl. Microbiol., 2016, vol. 62, no. 4, pp. 304—310. doi: 10.1111/lam.12553

93. Junttila J.R., Niemela S.I., Hirn J. Minimum growth temperatures of Listeria monocytogenes and non-haemolytic listeria.
J. Appl. Bacteriol., 1988, vol. 65, no. 4, pp. 321—327. doi: 10.1111/j.1365-2672.1988.tb01898.x

94. Kaszoni-Riickerl I., Mustedanagic A., Muri-Klinger S., Brugger K., Wagner K.H., Wagner M., Stessl B. Predominance of distinct
Listeria innocua and Listeria monocytogenes in recurrent contamination events at dairy processing facilities. Microorganisms,
2020, vol. 8, no. 2: 234. doi: 10.3390/microorganisms8020234

95. Kathariou S., Kanenaka R., Allen R.D., Fok A.K., Mizumoto C. Repression of motility and flagellin production at 37 degrees C
is stronger in Listeria monocytogenes than in the nonpathogenic species Listeria innocua. Can. J. Microbiol., 1995, vol. 41, no. 7,
pp. 572—577. doi: 10.1139/m95-076

96. Keeney K.M., Stuckey J.A., O’Riordan M.X.D. LplAl-dependent utilization of host lipoyl peptides enables Listeria cytosolic
growth and virulence. Mol. Microbiol., 2007, vol. 66, pp. 758—770. doi: 10.1111/j.1365-2958.2007.05956.x

97. Koopmans M.M., Bijlsma M.W., Brouwer M.C., van de Beek D., van der Ende A. Listeria monocytogenes meningitis in the
Netherlands, 1985—2014: A nationwide surveillance study. J. Infect., 2017, vol. 75, no. 1, pp. 12—19. doi: 10.1016/j.jinf.2017.04.004

98. Laksanalamai P., Huang B., Sabo J., Burall L.S., Zhao S., Bates J., Datta A.R. Genomic Characterization of Novel Listeria
monocytogenes Serotype 4b Variant Strains. PLoS One, 2014, vol. 9, no. 2: e89024. doi: 10.1371/journal.pone.0089024

99. Lang Halter E., Neuhaus K., Scherer S. Listeria weihenstephanensis sp. nov., isolated from the water plant Lemna trisulca taken
from a fresh water pond. Int. J. Syst. Evol. Microbiol., 2013, vol. 63, pt 2, pp. 641—647. doi: 10.1099/ijs.0.036830-0

100. Leclercq A., Clermont D., Bizet C., Grimont P.A., Le Fleche-Mateos A., Roche S.M., Buchrieser C., Cadet-Daniel V.,
Le Monnier A., Lecuit M., Allerberger F. Listeria rocourtiae sp. nov. Int. J. Syst. Evol. Microbiol., 2010, vol. 60, no. 9, pp. 2210—
2214. doi: 10.1099/ijs.0.017376-0

101. Lee S., Ward T.J., Graves L.M., Wolf L.A., Sperry K., Siletzky R.M., Kathariou S. Atypical Listeria monocytogenes serotype
4b strains harboring a lineage I1-specific gene cassette. Appl. Environ. Microbiol., 2012, vol. 78, no. 3, pp. 660—667. doi: 10.1128/
AEM.06378-11

102. Li M., Yan S., Fanning S., Li F., Xu J. Whole Genome Analysis of Three Multi-Drug Resistant Listeria innocua and Genomic
Insights Into Their Relatedness With Resistant Listeria monocytogenes. Front. Microbiol., 2021, vol. 12, pp. 694361—694369.
doi: 10.3389/fmicb.2021.694361

103. Liao Y., Liu L., Zhou H., Fang F., Liu X. Case report: refractory Listeria innocua meningoencephalitis in a three-year-old boy.
Front. Pediatr., 2022, vol. 10, pp. 857900—857905. doi: 10.3389/fped.2022.857900

104. Locatelli A., Lewis M.A., Rothrock M.J.Jr. The Distribution of Listeria in Pasture-Raised Broiler Farm Soils Is Potentially
Related to University of Vermont Medium Enrichment Bias toward Listeria innocua over Listeria monocytogenes. Front. Vet.
Sci., 2017, vol. 4, pp. 227—237. doi: 10.3389/fvets.2017.00227

105. Lomonaco S., Nucera D., Filipello V. The evolution and epidemiology of Listeria monocytogenes in Europe and the United
States. Infect. Genet. Evol,. 2015, vol. 35, pp. 172—183. doi: 10.1016/j.meegid.2015.08.008

106. Luque-Sastre L., Arroyo C., Fox E.M., McMahon B.J., Bai L., Li F., Fanning S. Antimicrobial Resistance in Listeria Species.
Microbiol. Spectr., 2018, vol. 6, no. 4. doi: 10.1128/microbiolspec. ARBA-0031-2017

107. Mackiw E., Stasiak M., Kowalska J., Kucharek K., Korsak D., Postupolski J. Occurrence and characteristics of Listeria mono-
cytogenes in ready-to-eat meat products in Poland. J. Food Prot., 2020, vol. 83, no. 6, pp. 1002—1009. doi: 10.4315/JFP-19-525

108. Mangele A., Geebe N., Pierneef R.E., Moerane R., Adesiyun A.A. Identification of Listeria species and Multilocus Variable-
Number Tandem Repeat Analysis (MLVA) Typing of Listeria innocua and Listeria monocytogenes Isolates from Cattle Farms
and Beefand Beef-Based Products from Retail Outlets in Mpumalanga and North West Provinces, South Africa. Pathogens, 2023,
vol. 12, no. 1, pp. 147. doi: 10.3390/pathogens12010147

109. Martin B., Bover-Cid S., Aymerich T. MLVA subtyping of Listeria monocytogenes isolates from meat products and meat process-
ing plants. Food Res. Int., 2018, vol. 106, pp. 225—232. doi: 10.1016/].foodres.2017.12.052

110. Matto C., D’Alessandro B., Mota M.I., Braga V., Buschiazzo A., Gianneechini E., Varela G., Rivero R. Listeria innocua isolated
from diseased ruminants harbour minor virulence genes of L. monocytogenes. Vet. Med. Sci., 2022, vol. 8, no. 2, pp. 735—740.
doi: 10.1002/vms3.710

111. Maury M.M., Bracq-Dieye H., Huang L., Vales G., Lavina M., Thouvenot P., Disson O., Leclercq A., Brisse S., Lecuit M.
Hypervirulent Listeria monocytogenes clones’ adaption to mammalian gut accounts for their association with dairy products.
Nat. Commun., 2019, vol. 10, no. 1, pp. 2488—2500. doi: 10.1038/541467-019-10380-0

112. Maury M.M., Tsai Y.-H.H., Charlier C., Touchon M., Chenal-Francisque V., Leclercq A., Criscuolo A., Gaultier C., Roussel S.,
Brisabois A., Disson O., Rocha E.P.C., Brisse S., Lecuit M. Uncovering Listeria monocytogenes hypervirulence by harnessing its
biodiversity. Nat. Genet., 2016, vol. 48, pp. 308—313. doi: 10.1038/ng.3501

878



2024, T. 14, Ne 5 Listeria spp. bacteria

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

Meinersmann R., Phillips R.W., Wiedmann M., Berrang M.E. Multilocus sequence typing of Listeria monocytogenes by use
of hypervariable genes reveals clonal and recombination histories of three lineages. Appl. Environ. Microbiol., 2004, vol. 70, no. 4,
pp. 2193—2203. doi: 10.1128/AEM.70.4.2193-2203.2004

Meireles D., Pombinho R., Carvalho F., Sous S., Cabane D. Listeria monocytogenes wall teichoic acid glycosylation promotes
surface anchoring of virulence factors, resistance to antimicrobial peptides, and decreased susceptibility to antibiotics. Pathogens,
2020, vol. 9, no. 4, p. 290. doi: 10.3390/pathogens9040290

Melo J., Andrew PW., Faleiro M.L. Listeria monocytogenes in cheese and the dairy environment remains a food safety challenge:
the role of stress responses. Food Res. Int., 2015, vol. 67, pp. 75—90. doi: 10.1016/j.foodres.2014.10.031

Milillo S.R., Friedly E.C., Saldivar J.C., Muthaiyan A., O’Bryan C., Crandall P.G., Johnson M.G., Ricke S.C. A review of the
ecology, genomics, and stress response of Listeria innocua and Listeria monocytogenes. Crit. Rev. Food Sci. Nutr., 2012, vol. 52,
no. 8, pp. 712—725. doi: 10.1080/10408398.2010.507909

Montazeri N., Himelbloom B.H., Oliveira A.C., Leigh M.B., Crapo C.A. Refined liquid smoke: a potential antiListerial additive
to coldsmoked sockeye salmon (Oncorhynchus nerka). J. Food Prot., 2013, vol. 76, no. 5, pp. 812—819. doi: 10.4315/0362-028X.
JFP-12-368

Montero D., Bodero M., Riveros G., Lapierre L., Gaggero A., Vidal R.M., Vidal M. Molecular epidemiology and genetic diversity
of Listeria monocytogenes isolates from a wide variety of ready-toeat foods and their relationship to clinical strains from listeriosis
outbreaks in Chile. Front. Microbiol., 2015, vol. 6: 384. doi: 10.3389/fmicb.2015.00384

Murray E.G.D, Webb R.A., Swann M.B.R. A disease of rabbits characterized by large mononuclear leucocytosis caused by a hith-
erto und escribed bacillus Bacterium monocytogenes (n.sp.). J. Pathol. Bacteriol., 1926, vol. 29, no. 4, pp. 407—439. doi: 10.1002/
path. 1700290409

NicAogain K., O’Byrne C.P. The role of stress and stress adaptations in determining the fate of the bacterial pathogen Listeria
monocytogenes in the food Chain. Front. Microbiol., 2016, vol. 7: 1865. doi: 10.3389/fmicb.2016.01865

Nightingale K., Windham K., Wiedmann M. Evolution and molecular phylogeny of Listeria monocytogenes isolated from human
and animal listeriosis cases and foods. J. Bacteriol., 2005, vol. 187, no. 16, pp. 5537—5551. doi: 10.1128/JB.187.16.5537-5551.2005
Norton D.M. Polimerase chain reaction-based methods for detection of Listeria monocytogenes: Toward real-time screening
for food and environmental samples. J. AOAC Int., 2002, vol. 85, no. 2, pp. 505—515. doi: 10.1093/jaoac/85.2.505
Nunez-Montero K., Leclercq A., Moura A., Vales G., Peraza J., Pizarro-Cerda J., Lecuit M. Listeria costaricensis sp. nov. Int.
J. Syst. Evol. Microbiol., 2018, vol. 68, pp. §44—850. doi: 10.1099/ijsem.0.002596

O’Driscoll B., Gahan C.G.M., Hill C. Adaptive acid tolerance response in Listeria monocytogenes: isolation of an acid-toler-
ant mutant which demonstrates increased virulence. Appl. Environ. Microbiol., 1996, vol. 62, no. 5, pp. 1693—1698. doi: 10.1128/
aem.62.5.1693-1698.1996

Ojima-Kato T., Yamamoto N., Takahashi H., Tamura H. Matrix-assisted Laser Desorption Ionization-Time of Flight Mass
Spectrometry (MALDI-ToF MS) Can Precisely Discriminate the Lineages of Listeria monocytogenes and Species of Listeria.
PLoS One, 2016, vol. 11, no. 7: e0159730. doi: 10.1371/journal.pone.0159730

Orsi R.H., Wiedmann M. Characteristics and distribution of Listeria spp., including Listeria species newly described since 2009.
Appl. Microbiol. Biotechnol., 2016, vol. 100, no. 12, pp. 5273—5287. doi: 10.1007/s00253-016-7552-2

Osanai A., Li S.H., Asano K., Sashinami H., Hu D.L., Nakane A. Fibronectin-binding protein, FbpA, is the adhesin respon-
sable for pathogenesis of Listeria monocytogenes infection. Microbiol. Immunol., 2013, vol. 57, pp. 253—262. doi: 10.1111/1348-
0421.12030

Papagianni M. Ribosomally synthesized peptides with antimicrobial properties: biosynthesis, structure, function and applica-
tions. Biotechnol. Adv., 2003, vol. 21, no. 6, pp. 465—499. doi: 10.1016/50734-9750(03)00077-6

Paramithiotis S., Hadjilouka A., Drosinos E.H. Listeria Pathogenicity Island 1. Structure and function. In: Listeria Monocytogenes:
food sources, prevalence and management strategies. Ed. E.C. Hambrick, 2014, pp. 265-282.

Patange A., O’Byrne C., Boehm D., Cullen P.J., Keener K., Bourke P. The effect of atmospheric cold plasma on bacterial stress
responses and virulence using Listeria monocytogenes knockout mutants. Front. Microbiol., 2019, vol. 10: 2841. doi: 10.3389/
fmich.2019.02841

Poimenidou S.V., Dalmasso M., Papadimitriou K., Fox E.M., Skandamis P.N., Jordan K. Virulence Gene Sequencing Highlights
Similarities and Differences in Sequences in Listeria monocytogenes Serotype 1/2a and 4b Strains of Clinical and Food Origin
From 3 Different Geographic Locations. Front. Microbiol., 2018, vol. 9: 1103. doi: 10.3389/fmicb.2018.01103

Quereda J.J., Nahori M.A., Meza-Torres J., Sachse M., Titos-Jiménez P., Gomez-Laguna J., Dussurget O., Cossart P., Pizarro-
Cerda J. Listeriolysin S is a streptolysin S-like virulence factor that targets exclusively prokaryotic cells in vivo. mBio, 2017, vol. §,
no. 2. doi: 10.1128/mbio.00259-17

Rae C.S., Geissler A., Adamson P.C., Portnoy D.A. Mutations of the Listeria monocytogenes peptidoglycan N-deacetylase and
O-acetylase result in enhanced lysozyme sentivity, bacteriolysis, and hyper induction of innate immune pathways. Infect. Immun.,
2011, vol. 79, no. 9, pp. 3596—3606. doi: 10.1128/1A1.00077-11

Raveneau J., Geoffroy C., Beretti J.L., Gaillard J.L., Alouf J.E., Berche P. Reduced virulence of a Listeria monocytogenes phos-
pholipase-deficient mutant obtained by transposon insertion into the zinc metalloprotease gene. Infect. Immun., 1992, vol. 60,
pp. 916—921. doi: 10.1128/iai.60.3.916-921.1992

Réglier-Poupet H., Pellegrini E., Charbit A., Berche P. Identification of LpeA, a PsaA-like membrane protein that promotes cell
entry by Listeria monocytogenes. Infect. Immun., 2003, vol. 71, pp. 474—482. doi: 10.1128/1A41.71.1.474-482.2003
Réglier-Poupet H., Frehel C., Dubail I., Beretti J.C., Berche P., Charbit A., Raynaud C. Maturation of lipoproteins by type 11
signal peptidase is required for phagosomal escape of Listeria monocytogenes. J. Biol. Chem., 2003, vol. 278, no. 49, pp. 49469—
49477. doi: 10.1074/jbc. M307953200

Ripio M.T., Dominguez-Bernal G., Suarez M., Brehm K., Berche P., Vazquez-Boland J.-A. Transcriptional activation of viru-
lence genes in wild-type strains of Listeria monocytogenes in response to a change in extracellular medium composition. Res.
Microbiol., 1996, vol. 147, no. 5, pp. 371—384. doi: 10.1016/0923-2508(96)84712-7

Ryser E.T., Marth E.H. Listeria, listeriosis and food safety. 3rd ed. Ed. E.T. Ryser. New York: Marcel Dekker Inc, 2007, §96 p.
doi: 10.1201/9781420015188

879



I.A. Derevyanchenko, L.A. Kraeva

MHdekumns n uMmyHuTeT

139.
140.
141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

Rocha P.R., Dalmasso A., Grattarola C., Casalone C., Del Piero F., Bottero M.T., Capucchio M.T. Atypical cerebral listeriosis
associated with Listeria innocua in a beef bull. Res. Vet. Sci., 2013, vol. 94, no. 1, pp. 111—114. doi: 10.1016/j.rvsc.2012.07.017
Rocourt J., Hof H., Schrettenbrunner A., Malinverni R., Bille J. Acute purulent Listeria seeligeri meningitis in an immunocom-
petent adult. Schweiz. Med. Wochenschr., 1986, vol. 116, no. §8, pp. 24§—251

Ruiz-Llacsahuanga B., Hamilton A., Zaches R., Hanrahan 1., Critzer F. Prevalence of Listeria Species on Food Contact Surfaces
in Washington State Apple Packinghouses. Appl. Environ. Microbiol., 2021, vol. 87, no. 9: e02932-20. doi: 10.1128/AEM.02932-20
Salimnia H., Patel D., Lephart P.R., Fairfax M.R., Chandrasekar P.H. Listeria grayi: vancomycin-resistant, gram-positive rod
causing bacteremia in a stem cell transplant recipient. Transpl. Infect. Dis., 2010, vol. 12, no. 6, pp. 526—528. doi: 10.1111/}.1399-
3062.2010.00539.x

Schliiter D., Domann E., Buck C., Hain T., Hof H., Chakraborty T., Deckert-Schliiter M. Phosphatidylcholine-specific phos-
pholipase C from Listeria monocytogenes is an important virulence factor in murine cerebral listeriosis. Infect. Immun., 1998,
vol. 66, no. 12, pp. 5930—5938. doi: 10.1128/iai.66.12.5930-5938.1998

ShenY., LiuY., Zhang Y., Cripe J., Conway W., Meng J., Hall G., Bhagwat A.A. Isolation and characterization of Listeria mono-
cytogenes isolates from readytoeat foods in Florida. Appl. Environ. Microbiol., 2006, vol. 72, no. 7, pp. 5073—5076. doi: 10.1128/
aem.00435-06

Somers E.B., Wong A.C.L. Efficaly of two cleaning and sanitizing combinations on Listeria monocytogenes biofilms formed
at low temperature on a variety of materials on the presence of ready-to-cat meat residue. J. Foot Prot., 2004, vol. 76, no. 10,
pp- 2218—2229. doi: 10.4315/0362-028x-67.10.2218

Stiilke J., Hillen W. Regulation of Carbon Catabolism in Bacillus Species. Annu. Rev. Microbiol., 2000, vol. 54, no. 1, pp. §49—880.
doi: 10.1146/annurev.micro.54.1.849

Sue D., Fink D., Wiedmann M., Boor K.J. cB-dependent gene induction and expression in Listeria monocytogenes during
osmotic and acid stress conditions simulating the intestinal environment. Microbiology, 2004, vol. 150, pt 11, pp. 3843—3855.
doi: 10.1099/mic.0.27257-0

Swaminathan B., Gerner-Smidt P. The epidemiology of human listeriosis. Microbes Infect., 2007, vol. 9, no. 10, pp. 1236—1243.
doi: 10.1016/j.micinf.2007.05.011

Travier L., Guadagnini S., Gouin E., Dufour A., Chenal-Francisque V., Cossart P., Olivo-Marin J.-Ch., Ghigo J.-M., Disson O.,
Lecuit M. ActA promotes Listeria monocytogenes aggregation, intestinal colonization and carriage. PLoS Pathog., 2013, vol. 9,
no. 1: e1003131. doi: 10.1371/journal.ppat. 1003131

Vazquez-Boland J.A., Kuhn M., Berche P., Chakraborty T., Dominguez-Bernal G., Goebel W., Gonzélez-Zorn B., Wehland J.,
Kreft J. Listeria pathogenesis and molecular virulence determinants. J. Clin. Microbiol. Rev., 2001, vol. 14, no. 3, pp. 584—640.
doi: 10.1128/CMR.14.3.584-640.2001

Vilchis-Rangel R.E., Espinoza-Mellado M.D.R., Salinas-Jaramillo 1.J., Martinez-Pena M.D., Rodas-Suarez O.R. Association
of Listeria monocytogenes LIPI-1 and LIPI-3 marker 1lsX with invasiveness. Curr. Microbiol., 2019, vol. 76, no. 5, pp. 637—643.
doi: 10.1007/500284-019-01671-2

Weller D., Andrus A., Wiedmann M., Den Bakker H.C. Listeria booriae sp. nov. and Listeria newyorkensis sp. nov., from food
processing environments in the USA. Int. J. Syst. Evol. Microbiol., 2015, vol. 65, pt 1, pp. 286—292. doi: 10.1099/ijs.0.070839-0
Williams D., Castleman J., Lee Ch., Mote B., Smith M.A. Risk of fetal mortality after exposure to Listeria monocytogenes based
on dose-response data from pregnant guinea pigs and primates. Risk Anal., 2009, vol. 29, no. 11, pp. 1495—1505. doi: 10.1111/j.1539-
6924.2009.01308.x

ZhangY., DongS., Chen H., ChenJ., ZhangJ., Zhang Z., Yang Y., Xu Z., Zhan L., Mei L. Prevalence, Genotypic Characteristics
and Antibiotic Resistance of Listeria monocytogenes From Retail Foods in Bulk in Zhejiang Province, China. Front. Microbiol.,
2019, vol. 10: 1710. doi: 10.3389/fmicb.2019.01710

ABT

opblI: Authors:

DepeesinueHko U.A., Gronor 6aktepuonoruyeckor naboparopum
BocTouHoro punuana @BY3 LieHTp rurneHbl 1 anMaeMuonorum

B ropoae CaHkT-MNeTepbypre n JleHnHrpanckoit obnactu, CaHkT-
MetepObypr, Poccusi; MnaaLwmii HayuHbli COTPYAHMK nabopatopun
MeamumHckoi 6aktepuonorum @BYH HUW anngemuonorum

1 Mukpobuonoruv umenn Mactepa, CankT-MNeTepbypr, Poccus;
KpaeBa J1.A., 4.M.H., OOLEHT, 3aB. nabopaTopueit MeANLNHCKO
6aktepuonoruv BYH HUW anupemmonorum n mukpobronorum
nmenu MNactepa, CaxkT-MeTepbypr, Poccus; npodeccop kadenpol
Mmukpo6uonorun GreBOY BO BoeHHO-MeAMUMHCKas akafeMunst
um. C.M. Knposa, CaHkT-lNeTepbypr, Poccus.

Derevyanchenko I.A., Biologist at the Bacteriological

Laboratory, Eastern Branch of the Center for Hygiene and
Epidemiology in the city of St. Petersburg and the Leningrad

Region, St. Petersburg, Russian Federation; Junior Researcher,
Laboratory of Medical Bacteriology, St. Petersburg Pasteur Institute,
St. Petersburg, Russian Federation;

Kraeva L.A., DSc (Medicine), Associate Professor, Head

of the Laboratory of Medical Bacteriology, St. Petersburg

Pasteur Institute, St. Petersburg, Russian Federation; Professor

of the Department of Microbiology, Military Medical Academy named
after S.M. Kirov, St. Petersburg, Russian Federation.

MocTynuna B pepakumio 14.04.2024
MpuHsaTa k nevatn 09.08.2024

Received 14.04.2024
Accepted 09.08.2024

880




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


