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As described by Drevets et al. [1] cases of human
meningitis caused by gram-positive diphtheroid bacilli later
thought to be Listeria monocytogenes were identified in
1915 by Atkinson [2] and in 1918 by Dumont [3]. A clear
association between L.monocytogenes and CNS infection in
humans was proven in 1945 by Kaplan [4], who found that
meningitis was present in 22 of the first 36 published case
reports. Latest data suggest that CNS infection is present
during invasive listeriosis in (28-79)% of cases in nonpreg-
nant adults and in (13-44) % of neonates [1]. 22% of preg-
nancy-related cases resulted in fetal loss or neonatal death
[5]. According to published annual dates concerning food-
related illness and death in the United States L.monocyto-
genes is responsible for less than 0.1% of morbidity but sup-
ports 27.6% of mortality [1].

CNS infection with L.monocytogenes can manifest
with different signs of meningitis, meningoencephalitis or
encephalitis. The most common symptoms are headache,
fever and altered sensorium including confusion, lethargy,
and coma. Seizures and focal neurological findings includ-
ing cranial nerve palsies or polyradiculoneuritis are also ob-
served [5, 6]. In cases of brainstem encephalitis disphagia
and cranial nerves lesion are often the first clinical signs [5].
CSF abnormalities can manifest with either a polymorpho-
nuclear or a mononuclear predominance but are reported to
show lower total leukocyte and protein concentrations com-
pared with meningitis caused by extracellular bacterial
pathogens [5]. Presence of bacteria in CSF is also uncom-
mon [1, 5, 6].

Postmortem pathological findings in the brain are
highly diverse and can include purulent meningitis, menin-
goencephalitis, microabscesses, focal hemorrhages and
areas of necrosis [1, 5]. Histological analysis commonly
shows vasculitis with perivascular lymphocytic cuffing and
mononuclear cell infiltration of the vessel walls. Bacilli are
present in the necrotic parenchymal lesions but are not typ-
ically found in the perivascular cuffs. Pus in the abscesses
contained both intracellular and extracellular bacteria [1, 5,
7]. As generally accepted, the diversity of clinical and
pathological signs reflects mainly the diversity of causative
agent abilities to CNS entry.

The etiological agent of listeriosis is Gram-posit-
ive, rod shaped, motile, non-spore forming bacterium Lis-
teria monocytogenes that has aerobic and facultatively an-
aerobic characteristics. It grows best at neutral to slightly al-
kaline pH, is capable of growth at a wide range of temperat-
ures (from 1 to 45°C) and well resists temperatures under
0°C. L.monocytogenes usually contaminates food of animal
origin (more frequent it is milk and fermented milk
products), fishery products, or raw vegetables [1, 7].

It is known at least 13 serotypes, three of which
(4b, 1/2b, and 1/2a) cause 90% of all human listeriosis. The

single recognized virulence factor is listeriolysin O (LLO), a
hemolytic extracellular protein. Failure to produce LLO
renders a strain avirulent when tested in the mouse model
[7].

L.monocytogenes is successful intracellular patho-
gen, which can infect different cell types and spread from
cell to cell without leaving the intracellular compartment. In
consequence of this lifestyle L.monocytogenes-specific
CD8+Tcells are crucial for bacteria clearance.

Intracellular life cycle consists of internalization by
professional phagocytes or other cells, escape from the pha-
gosome, cytoplasmic multiplication, intracellular mobility
by means of bacteria-induced host actin polymerization, and
cell-to-cell spread. Phagocytes internalize bacteria through a
variety of opsonin-dependent and opsonin-independent
mechanisms. Entry into other cells L. monocytogenes can
induce by using its own invasion proteins such as internalins
(Inl A, Inl B). In murine macrophages and in cell lines de-
rived from these cells, escape of L.monocytogenes from the
phagosome is absolutely dependent on LLO and is facilit-
ated by a secreted phosphatidylinositol-specific phospholi-
pase C [8].

Penetration of L.monocytogenes into the host or-
ganism commonly takes place through intestinal epithelium
overlying Payer’s patches. Subsequent transport to the mes-
enteric lymph nodes, spleen and liver, which is a major site
of infection, as well as other sites of system dissemination
including CNS, most probably is supported by cells of the
monocytic/macrophage lineage. Cell-sorting experiments
early after infection revealed that CD8a+DCs are the first
target population in the spleen, before other cell types be-
come infected [9]. It can be proposed that to the central
nerve system L. monocytogenes has been carried by peri-
pheral blood monocytes or definite subpopulation of mono-
cyte derived cells as far as this cells are able to permeate
blood-brain barrier under physiological conditions and ac-
quire markers which is peculiar to microglia [10].

Elegant study on this topic has been performed by
Join-Lambert O.F. et al. [11] in experimental model of acute
listeriosis in the mouse. It was shown that bone marrow is
previously unrecognized reservoir of L. monocytogenes-in-
fected myeloid cells, which can play a crucial role in the
pathophysiology of central nervous system invasion. It was
determined, that at the early phase of infection bacteria in-
vade and rapidly grow in bone marrow cells identified as
bone marrow myelomonocytic cells expressing the pheno-
type CD3l1pos:Ly-6Cpos:CD11b(pos):LY-6Glow. It had
been demonstrated, that central nervous system invasion is
facilitated by injecting L. monocytogenes-infected bone
marrow cells in comparison with free bacteria or infected
spleen cells. In mice transplanted with bone marrow cells
from transgenic donor mice expressing the green fluorescent
protein (GFP), it has been shown, that infected myeloid
GFP+ cells adhere to activated brain endothelial cells, accu-
mulate in brain vessels and participate in the pathogenesis of
meningoencephalitis and brain abscesses [11].

It was shown in an independent study [12] that
more than 90% of the blood leukocytes associated with bac-
teria were CD11b+ mononuclear cells. Subset analysis of
the monocytes according to Ly-6C expression revealed that
most of the infected monocytes belonged to the Ly-6Chigh
subset. These cells are comparable to
CX3CRI1lowCCR2+Gr-1+ blood monocytes in mice and to
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CD14+CD16- blood monocytes in humans [13]. Research-
ers have stated that a monocyte left shift toward a predomin-
ance of less mature cells compared to those recently re-
leased from the bone marrow takes place in the course of in-
fection. Interestingly, avirulent L. monocytogenes A hly
mutants, which do not produce listeriolysin O and typically
neither escape phagosomes nor replicate intracellularly, did
not stimulate this shift. By comparison, listeriolysin O-pro-
ducing A actA mutants, which do escape phagosomes and
replicate intracellularly, but are avirulent because they lack
F-actin-based motility, did elicit a subpopulation shift simil-
ar to that of wild-type bacteria [13].

Importantly, 88% of CD11b+ leukocytes which
were isolated from the brains of lethally infected mice were
identified as Ly-6Chigh monocytes while only a few
CDl11bhighLy-6Cmed-hi leukocytes were present in the
brain at steady state [12]. Kinetic analysis has shown a sig-
nificant influx of Ly-6Chigh monocytes into the brain 2
days after systemic infection and simultaneous up-regulation
of brain macrophage chemoattractant protein-1 (MCP-1)
gene expression. Considering that Ly-6Chigh monocytes
correspond to the CX3CRI1low/GR-1+ monocytes, which
are CCR2+ and thus can be recruited by MCP-1[13], this
findings testify that CNS invasion during systemic infection
in mice occurs via Ly-6Chigh - facilitated trafficking [12].

In addition, some observations and experimental
data indicate that L.monocytogenes is able to use several
different mechanisms to invade CNS.

In vitro data show that it can invade and replicate
within endothelial cells, including primary human brain mi-
crovascular endothelial cells [14,15]. L.monocytogenes pos-
sesses specific adhesins that may play roles in mediating
these interactions [16] in addition to the internalin-depend-
ent mechanisms. However, experimental data and clinical
observation indicate that L.monocytogenes is not particu-
larly tropic for the brain endothelium in the same way that
they are for other cells, in particular hepatocytes. For ex-
ample, after intravenous infection with high bacterial load,
animals that succumb early die from peripheral organ failure
but manifest little changes in the CNS [6].

Nevertheless, injection of bacteria into the carotid
artery of goats produced lesions in the meninges, the
ependyma of the cerebral ventricles, and the aqueduct simil-
ar to those caused by extracellular bacteria such as S. pneu-
moniae that produce a high-density bacteraemia during clin-
ical infection [17]. In some experimental conditions certain
level and the duration of bacteraemia ensure CNS invasion
during the early phase of infection [18]. Authors have ob-
tained an intense inflammatory reaction involving the
choroid plexuses and severe meningoencephalitis character-
ized by multiple granulomatous foci predominantly located
in the brainstem and associated with diffuse meningitis was
observed by day 5 after intravenous injection of (1-2) x 106
bacteria.

But, it shoud be noticed that development of high-
density bacteraemia during listeriosis in adults is possible
against the background of severe life threatening lesion of
peripheral organs. In experimental conditions animals with
similar lesions, as it has been noted [6], die from peripheral
organ failure before substantial changes in the CNS ap-
pearance. In addition it was shown that normal human ser-
um, hypothetically the immunoglobulin G (IgG) fraction,
strongly inhibit L. monocytogenes invasion of human brain

microvascular endothelial cells, a process dependent on InlB
in the absence of serum [19]. Although newborn serum also
demonstrated inhibitory activity, it was approximately 50-
fold less potent than the same concentration of adult serum.
This finding is consistent with the extreme susceptibility of
the neonatal CNS to invasion by L. monocytogenes and, at
the same time, doesn’t confirm an assumption that direct in-
vasion of brain microvascular endothelial cells during bac-
teraemia plays a significant role in the establishment of CNS
infection in adults.

The third route of CNS invasion, infection via
neural transport, was explored more then 50 years ago by
Asahi et al. [20]. Injection L.monocytogenes into the oral
membranes of mice and goats, or feeding the animals with
abrasive food that had been soaked in bacterial cultures, in
72% and 65% cases respectively cause development of the
brain stem encephalitis 6 days after infection. Examination
of the brain and cranial nerves revealed mononuclear infilt-
rations along the length of the trigeminal nerve from the
distal end in the lips to the proximal terminus in the
medulla, in addition to neutrophilic perivascular cuffing
throughout the brain stem. In the goats histological analysis
has revealed mononuclear infiltrates in the trigeminal nerve
from the maxillary and mandibular branches to the medulla,
usually with focal meningitis. These pathological findings
were very similar to those for naturally occurring cases of
L.monocytogenes encephalitis in sheep and goats [21, 22,
23]. The authors concluded [20] that transport of L. mono-
cytogenes from the oral cavity to the brain stem via the tri-
geminal nerve was the likely mechanism by which CNS dis-
ease was established in ruminants.

Subsequent studies using electron microscopy
identified intra-axonal bacteria in cases of spontaneous L.
monocytogenes encephalitis in sheep [21, 22]. The role of
bacterial transfer along a neural route in brain stem enceph-
alitis or transverse myelitis pathogenesis was confirmed by
numerous experimental data. It was shown that rhomben-
cephalitis developed ipsilateral to the site of L. monocyto-
genes injection into the facial muscle and the cut end of the
facial nerve, whereas transverse myelitis followed injection
into the triceps sura muscle and the cut sciatic nerve [24].
Myelitis could be prevented by surgical disruption of the
sciatic nerve proximal to the site of bacterial injection. Fur-
thermore, bacteria could be identified in axons and within
mononuclear cells in the peripheral nerve fascicles.

Despite the susceptibility of neurons for infection
with L. monocytogenes no species-specific tropism for neur-
ons was shown in brain cell cultures experiments. In murine
[26] and ovine [27] fetal brain cell cultures bacteria was pre-
dominately internalized by CD68-positive macrophages. As-
trocytes, oligodendrocytes, and fibronectin-expressing cells
were infected to a lesser extent. The lowest rates of infection
are observed in neurons.

Thus the most probable sequence of events in the
neuronal route of CNS invasion is (i) rapid uptake of bac-
teria from oral tissues by tissue macrophages or recruited to
the site of damage monocytes; (ii) following spread to distal
ends of nerves that form branches of the trigeminal gangli-
on; (iii) afferent movement through the trigeminal ganglion
into the brain stem with subsequent cell to-cell spreading
and development of the focal neuronal lesion [1].

This mechanism of infection is clearly important in
ruminants, in which L. monocytogenes-contaminated silage
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has been linked to epidemics of encephalitis [23, 24]. The
relevance of the neuronal route in humans is less clear tak-
ing into account lacking of the abrasive qualities in food-
stuffs linked to human listeriosis.

Whether inflammatory disease in oral cavity or
dental caries could be a contributing factor in humans is not
known, but some data are indicative of certain possibilities.
For example experimental inoculation of the L. monocyto-
genes into the dental pulp of sheep cause the brain stem en-
cephalitis developed on the same side as the dental infection
[28]. In addition, listerious brain steam encephalitis de-
veloped frequently in previously healthy young adults [29-
31]. That fact suggests that Listeria monocytogenes is able
to exploit dissemination way inaccessible for wholly com-
petent immunity.

In conclusion we have emphasize a strong possibil-
ity that significance of L.monocytogenes in human patho-
logy in industrialized countries will increase owing to ap-
pearance of a vulnerable population of immunocomprom-
ised individuals, and the concomitant development of large-
scale agro-industrial plants and refrigerated food.
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LISTERIOUS INVASION OF THE CENTRAL
NERVOUS SYSTEM

Krestetska S.L., Krestetsky N.G.

Listeriosis is life threatening food-related infection with sys-
temic dissemination of causative agent and multiple organs
lesion. Although L.monocytogenes is wide spread in the en-
vironment, listeriosis is uncommon illness in the general
population. The most vulnerable groups are neonates, preg-
nant women, elders and patients with impaired cell-medi-
ated immunity. A failure of the immune system to control
peripheral infection substantially increases the risk for the
cerebral involvement. The latter ensures severe and often ir-
reversible consequences. In addition, the cases of listerious
brain steam encephalitis in previously healthy immunocom-
petent young adults have been described. Unlike extracellu-
lar bacteria, that commonly invades CNS with primary men-
ingeal lesion, L.monocytogenes infection results in a variety

of CNS manifestations including meningitis, meningoence-
falitis, encephalitis and abscesses in the brain or spinal cord.
Diversity of clinical and pathological signs is determined by
multiple factors, but substantially reflects causative agent
life style features and different abilities to entry to the CNS
that are ensured by this features. The extensively raising
published experimental data array on this topic highlight
some patterns of relationship which is crucial for pathogen-
esis understanding.

Key words: listeriosis, infection, meningitis, encephalitis
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JICTEPIO3HA IHBA3ISI IIEHTPAJIBHOI HEPBO-
BOI CHCTEMHU
Kpecreubka C.J1., Kpecreubkuii H.T'.
JlicTepio3 — MOTEHINIHHO NeTanbHa XapdoBa HQEKIsS, Uit
Kol XapaKkTepHa CHCTEMHa JHCCeMiHalis 30yaHHKa 3
MOJIOpPraHHUMH ypakeHHsIMU. He3Bakaiounm Ha IIMPOKY
PO3IOBCIOKEHICTh ~ L.monocytogenes B OTOYYIOUOMY
CepeIOBHIIN, JICTEPio3 MOCTATHBO piAKe B 3arajibHii
momyssAiii - 3axBoproBaHHs. Jlo HaWOUIBII  Bpa3IMBHUX
KaTeropiil HaJexaTh BariTHI )KiHKH, HOBOHAPOJKEHi, 0COOH
MMOXWJIOTO BIKYy Ta MAIi€eHTH 3 AWCHYHKIIE KIITHHHOL
JMAaHKK  iMyHiTeTYy. HesmaTHicTh  IMyHHOI — CHCTEMH
KOHTpOJIOBAaTH IHQEKIil0 B mepudepuyHuX OpraHax
CYTTEBO HiJIBUILYE PU3HMK ypa)KEHHs HEHTPAIBLHOI HEPBOBOT
CHCTEMH 3 BaXKHMH, Yy 0araTtbOX BHIIJKaX HE3BOPOTHUMH
Haciinkamu. KpiM Toro, ormy0iiikoBaHi JaHi NMpoO BHIIAJKA
JICTEPiO3HOTO CTOBOYPOBOTO eHuedamry y
IMyHOKOMIETEHTHIX MoJoamx oci6. Ha BigmiHy Bix
TUIOBHUX OakTepiiHmx 30ymHuKiB iHMekuin [[THC, mo e €
BHYTPIIIHBOKJTITHHHAMH [IAaTOTCHAMH Ta BPAKAIOTh B
HepIly Yepry MeHiHrealbHi CTPYKTypH, L.monocytogenes
31aTHa 3a0e3NeudTd MEepBUHHY MaHidecranilo y ¢dopmi
MEHIHTiTy,  MeHiHroeHuedaniry, ennedamity, abcreciB
TOJIOBHOT0 200 CIIMHHOTO MO3KY. BapiabesbHiCTh KIIHIYHUX
Ta TaToMOp(OJIOTIYHUX MPOSABIB BU3HAYAETHCS OaraTbMa
¢akTopamMm, OO0 BIUIMBAIOTH Ha Mepedir iHQEKIiiHHOTo
mporecy, OOHAaK, TOJIOBHMM  YHHOM,  BiZoOpaxye
OCOONMMBOCTI CTHJIA OJKUTTA 30yIHUKAa 1 pI3HOMAaHITHI
MoxuBOCTI mmono ypaxkenas L[HC, 3abesmedyBaHi muMu
ocoOmuBocTsiMA.  EkcTeHCcMBHO — 3pocTaiouMii  MacuB
oITyOJIIKOBaHNX EKCIEPHUMEHTAIBHUX JaHUX B MeXax Iii€i
TEMAaTUKH  J03BOJISIE CTBOPUTH  YSIBIICHHS po
3aKOHOMIPHOCTH, IPUHIMIOBO BaXJMBI Ui PO3YMIHHS
maToreHesy Jicrepiosnoro ypaxernus LIHC.

KirouoBi cimoBa:  micTepio3, iH(EKIIisl, MEHIHTIT,
eHnedamit
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JIMCTEPUO3HASI WHBA3US HEHTPAJIBHOM
HEPBHOW CUCTEM

Kpecreuxas C.JI., Kpecrenxuii H.I'.

JlucTepno3 — MOTEHIMATIBHO JIETalbHAs MUIIEBas HH(EK-
1ust, Uil KOTOPOH XapaKTepHa CHCTEMHasl AUCCEMHMHAIMA
BO30yIUTENSI C MHOXXECTBEHHBIMH OPTaHHBIMH ITOPayKEHUS-
Mu. HecMmoTpst Ha MMPOKyI0 pacnpocTpaHEHHOCTh B
okpyxkaromeil  cpege  L.monocytogenes,  iucTepuos
JOCTaTOYHO peakoe B oOmieil momymsnuu 3adboseBanue. K
Haubosiee YSI3BUMBIM ISl OTOM MHQEKIUU KaTeropusiM
OTHOCATCA HOBOPOXJICHHBIC, 6epeMeHHbIe KCHIIWHBI,
MIOXKWJIBIE JTIOAW M MAlUEHTH ¢ IUCQYHKINEH KIETOYHOTO
3BeHa WMMyHHTeTa. HecrnocoOHOCTP MMMYHHOH CHCTEMBI
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KOHTPOJINPOBaTh MH(EKINIO B NEpUPEPHUCCKUX OpraHax
CYLIECTBEHHO YBEJIUYMBAET PUCK MOPAKEHUS LEHTPATIbHOI
HEpBHOH CHCTEMBI C TSDKEIBIMH, YacTO HEOOpaTUMBIMU
nociencTBUsIMA. KpoMe Toro, ommcaHbl Ciayd4ad pa3BUTHS
JIUCTEPUO3HOTO CTBOJIOBOTO sHIedannTa y
MMMYHOKOMIIETCHTHBIX JIMII MOJIOAOTO Bo3pacta. B
OTJMYHE OT THUNHYHBIX OaKTepHaNbHBIX BO30yIUTEICH
nadexkuuit [THC, He sABISIONMXCS BHYTPHUKIETOYHBIMU
MaTOreHaMH W IOPKAIOIUMH B TIEPBYIO  OdYepeab
MEHHMHIealbHble 000y0ukH, L.monocytogenes crocoOHa
obecrieunTh nNepBUYHYI0 MaHHdecTammio B (dopme
MEHHMHTHTA, MCHUHTO3HIIe(hanTa, dHiedanura, abcieccoB
B TOJIOBHOM WM CIOHHHOM Mo3re. MHoroo6pasue
KIMHAYECKUX ¥  HaTOMOP(OJIOTHYECKUX  IPOSBICHUN
SBISIETCSI CIECICTBHEM BO3/CHCTBHUS KOMILIEKca (DaKTOpPOB,
BIMSIOMINX Ha WHQEKIMOHHBIA IIpoIecC, HO, TJIaBHBIM
o0pa3oM, OTpakaeT  OCOOEHHOCTHM  CTHJS  JKM3HHU
B0o30yauTeNisi M pasHooOpasue  IyTed  CHCTEeMHOMU
JIUCCEMUHALINN, KOTOpbIE STUMU 0COOCHHOCTSIMU
ofOecrieynBarOTCd. ~ OKCTEHCHBHO  pacTylIMil ~ MaccuB
OIyOJINKOBaHHBIX AKCIIEPUMEHTAIBHBIX JaHHBIX B paMKax
9TOM TEMaTHWKH, IIO3BOJIIET CO3JaTh IPEICTABICHHE O
3aKOHOMEPHOCTSIX, NPUHIMIHMAIGHO  B@KHBIX IS
MOHMMaHMS IaToreHe3a Jucrepro3Horo nopaxenus [THC.
KnaioueBnbie ciioBa: nmuctepros, HHPEKINSA, MCHUHTHT, 9H-
nedanur



