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Brain stem encephalitis is a particular manifestation of infection with the bacterium
Listeria monocytogenes. Here, we present the neuropathological findings in 9 such cas-
es. In the brain stem, the inflammatory infiltrates were located predominantly within
nuclei and tracts of cranial nerves innervating the oropharynx. These findings support
the hypothesis that the food-borne bacterium Listeria monocytogenes invades the

brain stem along cranial nerves.

INTRODUCTION

Listeriosis is a food-borne infection (3,
14, 16) caused by the facultatively intra-
cellular bacterium Listeria monocytogenes.
Infection mainly occurs as sepsis or menin-
gitis (14, 20). Listeria brain stem encepha-
litis is a well-defined entity characterized
by progressive brain stem dysfunction; this
includes variable degrees and patterns of
combined motor, sensory and cerebellar
deficits, as well as disturbances of respira-
tion, circulation and consciousness (5, 6).
Fever and meningeal affection are variably
present, and the condition may be difficult
to diagnose both clinically and with labora-
tory tests (7, 20).

Brain stem encephalitis is the main man-
ifestation of listeriosis in sheep (15). In this
animal, observations of focal subacute in-
flammation and bacteria in the brain stem
and cranial nerves gave rise to the hypoth-
esis that after crossing the oral mucosa,
food-borne Listeria bacteria enter the brain
stem by retrograde axonal transport within
cranial nerves (9, 18). Recent experimental
evidence for bacterial transport following
peripheral inoculation of L. monocytogenes
supports this hypothesis (4).

In humans, brain stem encephalitis oc-
curs in at least 10% of the listeriosis cases
(5). However, few autopsy descriptions of
Listeria brain stem encephalitis have been
published (6, 21) and the precise localiza-
tion of the inflammatory infiltrates in rela-
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tion to different brain stem structures has
not been defined.

Here, we present the neuropathological
findings in 9 human cases of Listeria brain
stem encephalitis.

MATERIALS AND METHODS

The 9 cases of brain stem listeriosis, from
which brain autopsy material was available,
included 7 cases identified in a recent retro-
spective study of listeriosis patients report-
ed in Norway between 1977 and 2000 (5),
and 2 additional cases of brain stem liste-
riosis that occurred in Norway after 2000.
Listeria monocytogenes had been identified
in blood or CSF in 8 of the patients; and
by immunohistochemical examination of
autopsy tissue in one.

From each of the 9 autopsy cases, at least
2 sections from the brain stem in addition
to several sections from other parts of the
CNS were available for histological exami-
nation.

The histological sections were stained
with H&E in order to identify the local-
ization of the inflammatory infiltrates.
Parallel sections were immunostained for
L. monocyrogenes serotypes I and IV with 2
polyclonal rabbit anti-Listeria antisera (di-
lution 1:1280, DifCo Laboratories, Mich).
To characterize the leukocyte infiltrates and
microglial activation, sections were im-
munostained with markers for various CD
antigens (CD 3, CD 4 and CD 8 [pan-T,
T-helper and T-suppressor lymphocyte sub-
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sets, respectively], CD 20 [B-lymphocyte],
CD 45 [pan-leukocyte] and CD 68 [mac-
rophage] markers). An indirect biotin avi-
dine system (Ventana Detection Kit, Ven-
tana Medical Systems, Ariz) was used for
visualization of the immunostainings.

In addition to the findings in the 9 au-
topsy cases, we present cerebral MRI im-
ages of brain stem lesions in a patient who
was successfully treated for Listeria brain
stem encephalitis. The MRI scan was per-
formed subsequent to clinically diagnosed
brain stem deficits and positive blood cul-
tures for Listeria monocytogenes. Details of
the clinical course of this patient are de-
scribed elsewhere (2).

RESULTS

Localization of inflammatory infiltrates.
Listeria brain stem encephalitis mainly in-
volved the medulla oblongata (Table 1).
Leukocyte infiltrations were mostly present
in one or more of the nuclei and tracts of
cranial nerves innervating the oropharynx;
the Vi, VII*, IX®, X*, and XII* cranial
nerves (Table 1; Figure 1). In cases 1, 2 and
3 (Table 1), inflammation was located uni-
laterally in the nucleus and corresponding
brain stem part of the XII" cranial nerve
(Figures 1, 2). In case 4, inflammation
was present in segments of the XII™ nerve,
within and outside the brain stem. In case
5, inflammation located to the dorsal parts
of the medulla oblongata. In cases 7 to 9,
inflammation was present in the area of the
solitary tract, its nucleus and the spinal tri-
geminal nucleus (Table 1; Figure 1). Other
parts of the CNS than the brain stem were
mostly free of inflammation; exceptions are

described in Table 1.
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P =Predisposing condition for listeriosis o]
. . . . . D =Death, day after admission
B =Brain stem deficits and symptoms of infection Affected brain stem . . . L .
" o n H=Histology; inflammatory infiltrations in the brain
described in medical record structures* accord-
Pat. no/sex/age A . N q q e stem
LM =Sample in which Listeria monocytogenes was ing to available clini- " q - ryer]
. . . . I=Immunohistochemical staining for Listeria monocy-
identified cal information S
DT =Clinical diagnosis and treatment 9
P: Rheumatoid arthritis treated with prednisolone and
methotrexate.
B: Fever. Gaze paresis, parestesias in left trigeminal region,
left facial paresis, dysphagia. Ataxia, nausea, vertigo. D:7
Progression to somnolence and respiratory failure. MRI H: Subacute inflammation with numerous macrophages
1/F/67 was performed after brain stem deficits were diagnosed by V, VI, IX/X/XII, C, R located in dorsal brain stem including the course and
clinical examination and revealed a lesion in the medulla nuclei of IX™", X™ and XII* nerves.
oblongata. I: Serotype 4.
LM: Blood and CSF.
DT: Listeria brain stem encephalitis treated with ampicillin.
Hydrocephalus treated with external ventricle drainage.
P: Lymphoma treated with prednisolone.
B: Fever. Horizontal gaze deviation, paresthesias in right DB 1E
tr.i emir.1al region rig ht facial are;ig dyephadia argtic H: Subacute inflammation with abscess formation in the
9 gron, 1g p3 » cysphagia, par V, VI, IX, X, XII, R, gaze intramedullar course and nuclei of IX*", X and XII* nerves.
2/F/54 soft palate, dysarthria. Coma, bilateral plantar inversion. j . . .
L center (Also abscesses in the right putamen and in the region of
LM: Blood, positive culture on day of death. o 5 el @ el e ),
DT: Basal cranial metastases treated with total brain irradia- gang b
! I: Serotype 1.
tion and dexamethasone.
B: Headache, nausea, fever and hypertension. Dilated left D:10
pupil, unresponsive to light. Pare'nc e>'<tre'm|t|es. Increased H: Subacute inflammation with small necrotic foci and
tendon reflexes. Cheynes Stokes' respiration. Reduced R . . R ) .
. microglial nodules in the lower dorsal brain stem including
3/F/80 consciousness. Coma. I, M, R ] b vth "
: . . . the course and nuclei of IX™, X* and XII*™" nerves. (Also men-
LM: Autopsy tissue (immunohistochemistry). Lo A
. X . ingitis, ventriculitis and secondary hydrocephalus.)
DT: Hydrocephalus treated with ventriculoperitoneal I: Serotype 1
shunting day 5. No clinical effect. ’ ype .
B: Fever. Spastic extremities. Coma, respiratory failure D:3
 Fever. opast : bUEE? Y : H: Subacute inflammation in the dorsal medulla oblongata
Multiorgan failure. n . . f
(the XlI*" nerve and its nucleus) and in the proximal part
4/M/55 LM: Blood and CSF. M, R o X . o
", S . . of the XII"" nerve. (Also inflammatory infiltrations in the
DT: Gram-positive peritonitis with sepsis, treated with
ampicillin temporal lobe.)
. I: Serotype 1.
D:8
B: 7 days of fever and headache. Gaze paresis and facial H: Bilateral SUbiCUte |nﬂf\13mmat|on in the lntrame(?ullary
aresis. Nystagmus. Coma, respiratory failure course of the V" and X™ nerves, laterally to the solitary
5/F/14 P ’ L ! : VL VI, G R tract nuclei, V* spinal nerve nucleus, along the olivocer-
LM: Blood, positive culture post mortem. . .
; R . ebellar tract and focally in the cerebellum. (Also involve-
DT: Viral meningitis treated with dexamethasone. ) .
ment in left thalamus and hippocampus.)
I: Serotype 4.
P: Prednisolone treatment for COPD. Excessive alcohol
consumption. D:4
6/M/74 B: Acute confusion and dysphagia. Fever. IX, X, R H: Subacute inflammation in both solitary tract nuclei.
LM: Blood. I: Serotype 4.
DT: Sepsis treated with ampicillin.
P: Prednisolone treatment for COPD. Diabetes mellitus
type Il.
. . . D: 11
B: Fever, respiratory distress and reduced consciousness. . . . .
. . H: Microglial nodules in one solitary tract nucleus. (Also
7IM/76 LM: Blood. No information macrophages and lymphocytes in the meninges.)
DT: Bilateral Listeria pneumonia and meningitis treated p g. ymphocy ges.
. L ) . I: No bacteria.
with penicillin and aminoglycoside.
B: Sudden death during reconvalescense phase.
P: Prednisolone treatment for suspected temporal arteritis. D:17
LM: CSF. H: Microglial nodules in one spinal trigeminal nucleus and
8/F/77 DT: Listeria meningitis treated with ampicillin. R the ipsilateral solitary tract nucleus. (Also recent hemor-
B: Sudden respiratory distress during reconvalescence rhagic infarction in the cerebellar cortex.)
phase, lung edema. I: No bacteria.
P: Diabetes mellitus, ulcerative colitis, rheumatoid arthritis.
Methotrexate and azathioprine.
B: Fluctuating fever, headache. Vertigo, progressively D: 21
9/M/73 reduced consciousness to coma. Vill/ C, R H: Microglial nodules in one solitary tract nucleus.
LM: Blood. I: No bacteria.
DT: Listeria sepsis treated with vancomycin, netilmycin and
trimetoprim-sulphametoxazole.

Table 1. Clinical information of nine patients with Listeria monocytogenes brain stem encephalitis.
* |-XIl, deficits originating from cranial nerve and/or its nucleus; M, motor system deficits (paresis and/or spasticity and/or extensor plantar response); R,
abnormal respiration and/ or consciousness; C, cerebellar system deficits (cerebellar ataxia and/ or nystagmus, dysdiadochokinesia and/ or deficits at finger-

nose or knee-heel test).
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Composition of inflammatory infiltrates.
In 6 cases (Table 1; cases 1-6), the lesions
consisted of bacteria, polymorphonuclear
and mononuclear leukocytes and occasional
microabscesses (Figure 3A, B). Occasional
necrotic neurons and neuronophagia were
also observed within the lesions. In case 1
(Table 1), the lesions were dominated by
macrophages. In case 3 (Table 1), the in-
flammatory infiltrates consisted of acute
inflammarory infiltrates with microabscess
formation as well as microglial nodules and
accumulations of lymphocytes. In cases 7 to
9 (Table 1) only light chronic inflammation
with scattered lymphocytes, microglial acti-
vation and a few microglial nodules (Figure
4A) were observed in the dorsal brain stem.
The microglial nodules were devoid of bac-
teria and composed of microglial cells and
T-lymphocytes (Figure 4B). Most of the
T-lymphocytes were CD8-positive (not
shown).

Cerebral MRI findings in Listeria brain
stem encephalitis. Contrast enhancement
was visible along the intraparenchymal pas-
sage of the trigeminal nerve (Figure 5A)
and in the area that includes the right spi-
nal trigeminal nucleus, solitary tract and
hypoglossal nerve nucleus (Figure 5B) of
the additional patient who survived the in-
fection (2).

DISCUSSION

We have described the neuropathological
findings in 9 cases of human Listeria brain
stem encephalitis. The inflammatory infil-
trates were predominantly present within
nuclei, tracts and intraparenchymal parts of
cranial nerves innervating the oropharynx
(Vth, VII*, IX®, X and XII* nerves) (Fig-
ure 1). Findings on cerebral MRI in a tenth
patient who survived the infection (Figure
5) indicated a similar location of inflamma-
tion in the brain stem. As shown elsewhere
(5) the recorded neurological deficits tend
to correspond to the localization of the
brain stem lesions at autopsy.

Brain stem encephalitis occurs in at least
10% of human listeriosis cases (5, 7). Ob-
servations of bacteria within cranial nerves
and their nuclei in sheep (9, 18) led to the
hypothesis that food-borne Listeria mono-
cytogenes enters the brain stem along neu-
ral pathways connecting the brain stem
and the upper gastrointestinal tract. The
hypothesis of retrograde, intraaxonal trans-

1 2

Figure 1. Sketch of the localization of inflammatory infiltrates in the medulla oblongata' of 9 patients with
listeria brain stem encephalitis. Inflammation is mainly present in the regions of nuclei and pathways of
cranial nerves innervating the mouth and pharynx (V*, IXt, Xt, XIIt).

Types of inflammatory infiltrates:

%
7 Microabscesses consisting of polymorphonuclear granulocytes and listeria bacteria.

% Inflammatory infiltrates with abscess formation and necrosis.

dh
N> Microglial nodules.

! For simplicity, the right side of the sections has been chosen as a reference for the sketches in all 9

cases.

port of Listeria has later been tested in mice
(4, 11, 18). Five to 10 days after Listeria
bacteria were inoculated unilaterally into
facial or sciatic nerve, the animals devel-
oped ipsilateral central nervous deficits. On
histological examination bacteria were pres-
ent within axons of the inoculated nerve,
and inflammatory infiltrates were seen in
the inoculated nerve and its nucleus in the
CNS. Section of the nerve proximally to
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the inoculation site prevented spread of the
infection to the CNS (4).

Our observations in human autopsy ma-
terial resemble those made in animals (1, 4,
8, 9, 18) and support the hypothesis that
foodborne Listeria monocytogenes exploits
an intraaxonal pathway within cranial
nerves to enter the brain stem from the oral
cavity. The distribution of inflammatory in-
filtrates in both motor and sensory nerves
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Figure 2. A. Inflammatory infiltrates along the
pathway of the XII™" cranial nerve in case 3 (H&E
staining, 4x). B. Bacteria along the pathway of the
Xl cranial nerve in case 2 (immunohistochemical
staining for Listeria monocytogenes, serotype |,
20x).
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Figure 5. Additional patient successfully treated
for Listeria brain stem encephalitis (2). T1-weighted
Gadolinium-enhanced MRI. A. Transverse section

showing contrast enhancement along the
pathway of right V" nerve. B. Transverse section
showing contrast enhancement in the region of
the 12 cranial nerve nucleus, solitary tract and
spinal trigeminal nucleus in the right medulla
oblongata.
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Figure 3. A. Subacute inflammation with
microabscess formation in the nucleus of the
Xl cranial nerve in the medulla oblongata of
case 2 (H&E staining, 20x). B. Bacteria within
microabscess (immunohistochemical staining for
Listeria monocytogenes, serotype |, 40x).
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and nuclei suggests that the bacterium may
enter both retrogradely in motor nerves and
transganglionically in sensory nerves.

How Listeria monocytogenes crosses epi-
thelial barriers is poorly understood. Lis-
teria brain stem encephalitis may arise in
association with mucosal injury within the
oral cavity, such as tooth loss in sheep (8,
15) and dental extractions in human cases
(13, 17). Moreover, in mice, exposure of ex-
perimentally injured oral mucosa to Liste-
ria bacteria may lead to the development of
Listeria brain stem encephalitis (1, [Antal,
unpublished data]). It has not been dem-
onstrated that the organism is able to cross
intact oral mucosa, but uptake of Listeria
via M-cells in gastrointestinal lymphoid tis-
sue has been suggested (12).

Few neurons are infected when exposed
to Listeria bacteria in vitro, but neuronal
entry appears to be facilitated if the cultures
are enriched with bacteria-infected macro-
phages (10). How Listeria monocytogenes is
able to enter axons of peripheral nerves in
vivo remains unknown.

Intraaxonal transport along microtubules
allows several viruses (and maybe prions) to
invade the brain along peripheral nerves
(22). Listeria monocytogenes may exploit a
different intraaxonal transport mechanism.
In cell culture, intracellular Listeria bacteria

exhibit high-speed (0.15 pm/s), actin based
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Figure 4. A. Microglial nodule localized in the
solitary tract nucleus of case 8 (H&E, 20x (x
1.5). B. T-lymphocytes (CD 3+) and microglial
cells (unstained) in the same microglial nodule
(immunohistochemical staining for CD3 antigen,
20x).

motility (14, 19). It is interesting that Burk-
holderia pseudomallei—rthe other bacterium
that also may give rise to brain stem en-
cephalitis (with microabscesses and bacte-
ria predominantly in the brain stem)—also
demonstrates actin based intracellular mo-
tility in cell culture (23). It remains to be
shown whether the intraaxonal transport of
L. monocytogenes occurs along microtubules
or is actin dependent.

In conclusion, we have identified in-
flammatory infiltrates and Listeria bacteria
within cranial nerves innervating the oro-
pharynx and their nuclei in nine human
cases of Listeria brain stem encephalitis.
We suggest that L. monocytogenes may in-
vade the human brain stem along cranial
nerves.
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