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【 CASE REPORT 】

Persistent Severe Cerebral Edema with Neutrophil
Infiltration Following Listeria Meningitis

Asako Ueno 1,2, Masamichi Ikawa 1,3, Kenichiro Maeda 1,2, Katsuhide Tai 4, Tomomi Ito 5,

Norimichi Shirafuji 1, Osamu Yamamura 1, Yasunari Nakamoto 1 and Tadanori Hamano 1,6

Abstract:
A 51-year-old man was admitted to the hospital with a diagnosis of Listeria monocytogenes meningitis.

Diffuse cerebral edema appeared after improvement of meningitis with appropriate treatment and worsened

for two months. Due to brain herniation, brain tissue leaked through the incision made during the drain inser-

tion in a hydrocephalus surgery. We found pathological evidence of significant neutrophil infiltration with a

few lymphocytes without bacterial detection in the degraded brain tissue. The present case indicates that fatal

cerebral edema with significant neutrophil infiltration may develop even after appropriate treatment for L.
monocytogenes meningitis.
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Introduction

Listeria monocytogenes is one of the most common

causes of bacterial meningitis in adults and has a higher af-

finity for the brain than other bacteria, which may contribute

to the high mortality rate of L. monocytogenes meningi-

tis (1). Cerebral edema is frequently accompanied by com-

municating hydrocephalus as a major complication of L.
monocytogenes meningitis (2). However, the pathogenesis of

cerebral edema following L. monocytogenes meningitis is

still unknown.

We herein report a case in which severe cerebral edema

with significant neutrophil infiltration persisted for a long

period of time after appropriate treatment.

Case Report

A previously healthy 51-year-old man who had a head-

ache for 5 days was admitted to our hospital due to a high

fever of 40.5°C. He was drowsy and showed disturbance of

consciousness and abnormal behavior of trying to put on his

pants as a jacket. On admission, brain magnetic resonance

imaging (MRI) showed no abnormalities (Fig. 1). Blood

tests showed an elevated white blood cell count of 15,600

cells/μL and C-reactive protein (CRP) level of 20 mg/L. A

cerebrospinal fluid (CSF) analysis revealed 1,863 cells/μL

(72% polymorphonucleocytes) with high protein (187 mg/

dL) and low glucose (46 mg/dL) levels. Due to allergy to

ampicillin, the patient was treated with meropenem, vanco-

mycin, dexamethasone and glycerol for possible bacterial

meningitis. Laboratory tests reported positive CSF and blood

cultures and Gram staining of CSF for L. monocytogenes.
Due to an allergy to ampicillin, he was treated with Sul-

famethoxazole Trimethoprim for Listeria meningitis (3). The

patient had eaten no foods that were likely to cause Listeria
spp. infection, and he was negative for human immunodefi-

ciency virus (HIV) infection. Chest and abdominal com-

puted tomography (CT) showed no tumors or abnormalities.

The next day, the patient regained consciousness and was
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Figure　1.　Clinical course. A patient with Listeria monocytogenes meningitis was initially treated 
with meropenem and dexamethasone. Although the CSF cell count decreased after antibiotic treat-
ment, brain MRI revealed hydrocephalus with ventriculitis and diffuse cerebral edema on day 6. He 
underwent external ventricular drainage but was ventilated due to worsening cerebral edema that 
persisted for two months. On day 25, brain tissue had leaked through the incision site of the external 
drain (red arrow) due to the severe cerebral edema lasting over a month. While cerebral edema per-
sisted, the pathology of the leaked specimen showed significant neutrophil infiltration. On day 55, the 
brain tissue stopped leaking, indicating that the cerebral edema had finally subsided. A specimen 
revealed no neutrophils. *The CSF cell count (0 cells/μL) shown at hospital day 14 was corrected by 
the red blood cell count. CSF: cerebrospinal fluid, MRI: magnetic resonance imaging, FLAIR: fluid-
attenuated inversion-recovery, T1WI: T1-weighted imaging, T2WI: T2-weighted imaging, CT: com-
puted tomography
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able to speak. However, on hospital day 4, the patient fell

unconscious again. Worsening of bacterial meningitis was

suspected, but the CSF cell count had decreased to 386

cells/μL, and CSF cultures were negative. The IgG index

was 0.62. Repeat MRI revealed diffuse cerebral edema with

tentorial herniation, lateral ventricle enhancement, and hy-

drocephalus, probably due to ventriculitis. He underwent ex-

ternal ventricular drain insertion; however, he developed my-

driasis and respiratory failure. He was ventilated due to

worsening cerebral edema. The external drain was ineffec-

tive and thus removed. On day 14, the CSF cell count de-

creased to 72 cells/μL (23% polymorphonucleocytes) with

43,000 red blood cells/μL, which suggested that the cell

count was nearly 0 cells/μL by correction. The CSF glucose

level also improved (76 mg/dL), indicating that the antibiot-

ics had effectively treated the bacterial infection. Thus, we

resumed dexamethasone administration because the cerebral

edema was suspected to have been partially caused by post-

infectious immune-mediated inflammation.

Nevertheless, CT exhibited severely worsened diffuse

cerebral edema on day 25. The ventricle was severely com-

pressed, and the sulcus had disappeared. Due to increased

intracranial pressure, brain tissue started to leak through the

incision made during the drain insertion. Macroscopically

there was brain tissue with no pus. We pathologically inves-

tigated a leaked specimen and found significant neutrophil

infiltration with a few lymphocytes in the degraded brain tis-

sue. No bacteria were detected via Gram staining or culture

(Fig. 2A). Immunostaining revealed a few CD20-positive

lymphocytes (dyed brown) (Fig. 2B). The patient was con-

sidered brain dead based on the findings of neurological ex-

aminations, including a flat electroencephalogram. Antibiot-

ics were discontinued, as there was no evidence of system-

atic infection on day 28. The brain tissue leaked for over a

month, which meant that the cerebral edema was persis-

tently progressive. On day 47, a leaked specimen showed

marked neutrophil infiltration with a few lymphocytes and

macrophages in the necrotic brain cells (Fig. 2C). Im-

munostaining revealed a few CD20-positive lymphocytes

(dyed brown) (Fig. 2D).

On day 55, the brain tissue stopped leaking, indicating

that the cerebral edema had finally subsided. A specimen re-

vealed no neutrophils and a few lymphocytes with severely

necrotic brain cells (Fig. 2E). MRI revealed that the cerebral

edema had subsequently improved on day 84. The patient

was relocated to another hospital on day 90.

Discussion

Compared to other bacteria that cause bacterial meningi-

tis, such as Streptococcus pneumoniae, Neisseria meningiti-
dis,, and Haemophilus influenzae, L. monocytogenes is

highly invasive to the brain due to its high affinity for neu-

rons (1). L. monocytogenes easily enters axons and migrates
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Figure　2.　Neuropathological findings. (A) Significant neutrophil infiltration (arrows) with a few 
lymphocytes in the degenerated parenchyma observed in brain tissue obtained on day 25. (B) Immu-
nostaining for CD3 and CD20 showed a few CD20-positive lymphocytes (dyed brown). (C) Significant 
neutrophil infiltration (arrows) with a few lymphocytes and macrophages in the necrotic brain cells 
also observed in brain tissue obtained on day 47. (D) Immunostaining for CD3 and CD20 showed a 
few CD20-positive lymphocytes (dyed brown). (E) No neutrophils with a few lymphocytes in the se-
verely necrotic brain cells observed in brain tissue obtained on day 55. (F) Immunostaining for CD3 
and CD20 showed a few CD20-positive lymphocytes (dyed brown). A, C, and E show Hematoxylin 
and Eosin staining. The right panels are magnifications of the left panels in A, C, and E. Scale bar=50 
μm.
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into neurons and glial cells in the brain (1, 4). L. monocyto-
genes is nearly 10-fold more efficient than other Gram-

positive bacteria, including S. pneumoniae, at penetrating the

central nervous system once an invasive infection has been

established (5). Therefore, L. monocytogenes meningitis

causes central nervous system infiltration in 47% of infected

patients, with a high mortality rate of 14-43% (6, 7). En-

cephalitis, brain abscess, and ventriculitis are often observed

in patients with L. monocytogenes meningitis (1, 7). In par-

ticular, communicating hydrocephalus, which is frequently

accompanied by cerebral edema, is a major complication of

L. monocytogenes meningitis, increasing the mortality rate to

over 50%, and is often refractory to external drain-

age (2, 7-9). In fact, our patient developed hydrocephalus

refractory to external drainage, followed by cerebral edema.

Ventriculitis was responsible for hydrocephalus in the early

disease phase, while parenchymal inflammatory infiltration

with neutrophils may have subsequently produced severe

cerebral edema in our patient. The absence of bacteria in the

CSF culture and leaked specimen and the normalized CSF

cell count after antibiotic treatment suggest that post-

infectious immune-mediated inflammation was involved in

the pathogenesis of the cerebral edema.

Neuropathological case series of L. monocytogenes men-

ingitis autopsies performed 2-21 days after the on-

set (7, 10-12) showed meningeal infiltration in all cases,

partial invasion of parenchymal tissue and abscess in some

cases, and vascular inflammation of the middle meningeal

artery and small parenchymal vessels and thrombosis in

some cases. The inflammatory cells present in the meninges

were characterized by a mix of monocytes, macrophages,

and neutrophils. Gram staining showed rod-shaped bacteria.

In the present case, the pathology of the leaked tissue ob-

tained at one and two months after the onset showed signifi-

cant neutrophil infiltration in the cerebral parenchyma with-

out bacterial detection. Unlike the previously reported cases,

our patient showed severe cerebral edema, which may have

resulted in the pathological differences between those cases

and the present case. In addition, the examination of the

leaked specimen was performed a very long time after the

disease onset.

The present case exhibited persistent cerebral edema for

two months. Previous studies with pigs or mice infected

with L. monocytogenes showed that delayed-type hypersen-

sitivity mediated by macrophages and lymphocytes contin-

ued for at least two months (13, 14), although the dominant

inflammatory cells were different from those in the present

case (i.e. neutrophils). Chemotactic factors derived from

peptides from lysed bacteria and necrotic tissue facilitate

continuous neutrophil migration even after bacterial extermi-

nation (15), which may have induced post-infectious inflam-

mation leading to persistent cerebral edema with neutrophil

infiltration in our patient.

In the present case, despite the use of dexamethasone,

cerebral damage gradually progressed even after intrathecal

sterility was achieved through antimicrobial therapy. Since

early dexamethasone treatment reduces mortality in pneumo-

coccal meningitis (16), dexamethasone is recommended for

the initial treatment of bacterial meningitis. In contrast, a re-

cent prospective cohort study revealed that the dexametha-

sone group had a higher mortality rate than the non-

dexamethasone group in L. monocytogenes meningitis (17).

Therefore, dexamethasone should be discontinued if L.
monocytogenes meningitis is diagnosed. However, we re-

sumed dexamethasone administration on day 14 because

post-infectious immune-mediated inflammation was sus-
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pected to have caused the severe cerebral edema in the pre-

sent case. Consequently, the dexamethasone treatment

showed no response. Since the time between the onset of

symptoms and the initiation of treatment critically influences

the prognosis of bacterial meningitis, the pathological proc-

ess may have irreversibly progressed by the time the patient

was admitted, five days after the onset of symptoms. Given

these factors, we suspect that the cerebral damage caused by

the immune-mediated inflammation worsened even after in-

trathecal sterility had been achieved through antimicrobial

therapy and the dexamethasone treatment had been resumed.

The present case suggests that fatal cerebral edema with

significant neutrophil infiltration may develop even after ap-

propriate treatment for L. monocytogenes meningitis. Further

investigations are needed to identify effective treatments for

preventing post-infectious cerebral edema.
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