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Indications d’imagerie cérébrale avant PL

Ø Les indications de l’imagerie cérébrale avant la PL 
doivent être limitées :
Ø Signes évoquant un processus expansif intracranien:
• Signes de localisation
• Crises d’épilepsies focales et récentes

Ø Signes d’engagement cérébral:
• Troubles de la vigilance 

et
• Anomalies pupillaires, dysautonomie, crises toniques 

postérieures, aréactivité, réaction de décortication ou de 
décérébration

Ø Crises convulsives persistantes



together with the first dose of antibiotics and a restrictive ap-
proach to early LP with CT before LP in patients presenting
with “red flags” were adopted. The necessity to start antibiotics
before CT in suspected ABM was emphasized. At follow-up,
median duration to antibiotic treatment was found to exceed
2 hours, which was longer than that reported in 1994–2004
[16]. Even if this duration was in agreement with that reported
by others [2, 4, 7, 21, 22, 24, 25, 27], the risk with delayed treat-
ment had to be balanced against potential risks associated with
LP. The documentation for LP-induced herniation in uncon-
scious adults with elevated ICP alone was found to be limited,
with available data showing that LP could be performed without
serious consequences [3]. Also taking into account that in-
creased ICP cannot be ruled out by a CT investigation, it was
concluded that CT before LP added little to the management
of ABM in adults without focal neurological signs or signs of
imminent herniation.

In 2009, Swedish recommendations for ABMmanagement in
adults were revised. Deletion of moderately to severely impaired
consciousness and new onset seizures as contraindications to
immediate LP constituted the major change. The reasons for
this change have been discussed in detail elsewhere [16, 17].
In addition to being issued on the Swedish Society for Infectious
Diseases home page (www.infektion.net), the new recommen-
dations were presented in a national medical journal in 2008
[28, 29] and at the annual Swedish Medical Conference in 2009.

The present results demonstrate that after the change in the
guidelines, adults with ABM were treated, on average, more
than 1 hour earlier. This finding held after confounding factors

were considered. Optimally, in ABM, use of antibiotics and cor-
ticosteroids should be initiated within 0.5–1 hour from admis-
sion [18–20].During 2010–2012, treatment starts were achieved
within 1 hour in 35% of the cases and within 2 hours in 60%.
Although far from the recommended time frames, these figures
are higher than those for 2005–2009 as well as most findings
from other countries that had treatment starts a median of
2–4 hours after arrival [2, 4, 7, 21, 22, 24, 25, 27]. In line with
previous findings, old age and nonmeningococcal etiology
were associated with delayed treatment, and severely impaired
mental status was associated with earlier treatment [2, 7, 12, 13].

The decrease in door-to-antibiotic time in 2010–2012 that
occurred following the guideline revision was associated with
a concomitant decrease in mortality. This decrease did not re-
sult in a compensatory increased risk for neurological or hear-
ing deficits; on the contrary, the rate of sequelae also decreased
significantly (Figure 2). Whereas the significance remained for
sequelae after adjusting for confounding factors, this was not
the case for mortality. Mortality, however, was significantly as-
sociated with delayed antibiotic treatment, which is consistent
with findings by others [2, 4, 7, 25]. In the current study, there
was a relative increase in mortality of about 13% for each hour
of delay. Thus, the shorter door-to-antibiotic time likely con-
tributed to the improved outcome observed in 2010–2012.

During 2008–2012, cerebral CT scan was performed in 83%
of the patients. CT preceded LP in more than half of all cases
and antibiotic treatment was not administered before CT in
39% of all cases. As in other studies [7, 21, 22, 25], the sequence
of neuroimaging before LP resulted in a delay in adequate

Table 3. Main Outcomes and Main Confounders Related to Different Sequences of Lumbar Puncture and Computerized Tomography of
the Brain

Outcome and Confounders LP Without Prior CT LP After CT P Value

Number of patients (%): n = 414 178 (43.0) 236 (57.0)
Outcomes:
Treatment <1 h: n/n available data (%): n = 343 60/154 (39.0) 47/189 (24.9) <.01
Treatment <2 h: n/n available data (%): n = 343 95/154 (61.7) 91/189 (48.1) <.05

Mortality: 6/178 (3.4) 27/236 (11.4) <.01
Sequelaea in survivors: n/n available data (%): n = 334 32/151 (21.2) 65/183 (35.5) <.01
Favorable outcomeb: n/n available data (%): n = 367 119/157 (75.8) 92/210 (43.8) <.001

Confounders
Age >60 y 86/178 (48.3) 102/236 (43.2) NS
RLS ≥3/GCS ≤11 on admission: n/n available data (%) 55/160 (34.4) 75/221 (33.9) NS
Pneumococcal etiology: 68/178 (38.2) 129/236 (54.7) <.01
Meningococcal etiology: 38/178 (21.3) 21/236 (8.9) <.01

Main outcomes were time from admission to adequate antibiotic treatment, mortality, and sequelae and main confounders were age, mental status on admission,
and etiology. Two-tailed Fisher exact test was used for P values.
Abbreviations: CT, computerized tomography; GCS, Glasgow coma scale; LP, lumbar puncture; NS, not statistically significant; RLS, reaction level scale.
a Neurological and/or hearing deficits at follow-up 2–6 months after discharge (proportions of survivors with available data).
b Recovery to normal activity without neurological or hearing deficits at follow-up 2–6 months after discharge (proportions of all patients with available data).
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M A J O R A R T I C L E

Adult Bacterial Meningitis: Earlier Treatment
and Improved Outcome Following Guideline
Revision Promoting Prompt Lumbar Puncture

Martin Glimåker,1 Bibi Johansson,1 Örjan Grindborg,1 Matteo Bottai,2 Lars Lindquist,1 and Jan Sjölin3
1Unit for Infectious Diseases, Department of Medicine, Karolinska Institutet and Karolinska University Hospital, 2Unit of Biostatistics, Institute of
Environmental Medicine, Karolinska Institutet, Stockholm, and 3Section of Infectious Diseases, Department of Medical Sciences, Uppsala University,
Sweden

Background. In suspected acute bacterial meningitis (ABM), cerebral computerized tomography (CT) is recom-
mended before lumbar puncture (LP) if mental impairment. Despite guideline emphasis on early treatment, per-
forming CT prior to LP implies a risk of delayed treatment and unfavorable outcome. Therefore, Swedish
guidelines were revised in 2009, deleting impaired mental status as a contraindication for LP without prior CT
scan. The aim of the present study was to evaluate the guideline revision.

Methods. The Swedish quality registry for community-acquired ABM was analyzed retrospectively. Door-to-an-
tibiotic time and outcome were compared among patients treated 2005–2009 (n = 394) and 2010–2012 (n = 318).
The effect of different LP–CT sequences was analyzed during 2008–2012.

Results. Adequate treatment was started 1.2 hours earlier, and significantly more patients were treated <2 hours
from admission 2010–2012 than 2005–2009. Compared with CT before LP, immediate LP resulted in 1.6 hours
earlier treatment, significant increase in door-to-antibiotic times of <1 and <2 hours, and a favorable outcome.
In 2010–2012, mortality was lower (6.9% vs 11.7%) and the risk of sequelae at follow-up decreased (38% vs 49%)
in comparison with 2005–2009. Treatment delay resulted in a significantly increased risk for fatal outcome, with a
relative increase in mortality of 12.6% per hour of delay.

Conclusions. The deletion of impaired mental status as contraindication for prompt LP and LP without prior
CT scan are associated with significantly earlier treatment and a favorable outcome. A revision of current interna-
tional guidelines should be considered.

Keywords. bacterial meningitis; lumbar puncture; guidelines; time to treatment; outcome.

Acute bacterial meningitis (ABM) is a rare but potenti-
ally life-threatening disease. Despite modern antibiotic
treatment, use of corticosteroids, and advanced inten-
sive care, ABM is still associated with a mortality of
about 10%–30% and a high risk of neurological deficits
[1–8]. ABM leads to cerebral edema and increased
intracranial pressure (ICP) that may result in brain

herniation, which is a major cause of morbidity and
mortality [5, 9–13]. Lumbar puncture (LP) is the main-
stay in the diagnosis of ABM; however, a long-standing
controversy exists regarding the potential risk of LP-
induced brain herniation [10, 11, 14–17]. Current inter-
national guidelines use the “red flags” of papilledema,
focal neurological signs, moderate to severe impairment
of mental status, immunocompromised state, and new
onset seizures to identify patients with an increased risk
of a cerebral mass lesion and elevated ICP and, thus,
with contraindications to immediate LP. In these pa-
tients, cerebral computed tomography (CT) before LP is
recommended [18–20]. Similar guidelines were intro-
duced in Sweden in 2004. However, as in other interna-
tional reports, CT was performed too often and
adherence to the recommendations to start antibiotics
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Suspicion de méningite

Existe-t-il une suspicion de risque d’engagement1 et/ou d’autres CI à la réalisation de la PL4 ?

Oui Non

2 hémocultures

DXM + Antibiothérapie

Suspicion de risque 
d’engagement

TDM cérébral

Contre-indications 
PL

PL

Non

Autres CI à la 
réalisation de la PL

Correction possible 
de la CI

Oui Non

Dès que

possible

Poursuite ABie 
guidée par 

évolution clinique 
et résultats 

biologiques et 
microbiologiques

PL +2 hémocultures

LCR trouble LCR clair

Formule 
bactérienne

Formule 
virale

Formule
panachée

DXM + Antibiothérapie (+/-
guidée par examen direct)

Sans attendre 
les résultats de 
l’ED et formule

Lactate, PCT, 
Règle de 

Hoen

Méningite 
bactérienne

Méningite 
virale

Abstention 
thérapeutique

Aciclovir IV 
uniquement + ou 

meningo-encephalite
Adaptation Antibiothérapie aux 

résultats de la culture

PCR si culture négative

1/ Présence de signes cliniques focaux (déficit neurologique focal (sauf les atteintes de nerfs crâniens en dehors du III), crises épileptiques focales récentes, symptômes neurologiques centraux présents depuis plus de 4

jours ; 2/présence de symptômes et signes d'engagement cérébral : troubles de la vigilance et un ou plus des éléments suivants (anomalies pupillaires (mydriase fixée uni ou bilatérale), dysautonomie (hypertension
artérielle et bradycardie, anomalies du rythme ventilatoire), crises toniques postérieures, aréactivité aux stimulations, réactions de décortication ou de décérébration ; 3/ crises épileptiques non contrôlées.

4/ Autres CI à la PL : anomalie connue de l’hémostase, traitement anticoagulant à dose efficace, Suspicion de trouble majeur de l’hémostase (saignement majeur), instabilité hémodynamique

,,

Oui



533 patients inclus dans la cohort dans 69 hôpitaux entre 2013 et 2015
79,1% des patients admis en reanimation

Age median 58.4 (42.0-68.5), ratio Homme/Femme 1.2

Tubiana S, CMI 2020

Original article

Community-acquired bacterial meningitis in adults: in-hospital
prognosis, long-term disability and determinants of outcome in a
multicentre prospective cohort
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a b s t r a c t

Objectives: To identify factors associated with unfavourable in-hospital outcome (death or disability) in
adults with community-acquired bacterial meningitis (CABM).
Methods: In a prospective multicentre cohort study (COMBAT; February 2013 to July 2015), all consec-
utive cases of CABM in the 69 participating centres in France were enrolled and followed up for
12 months. Factors associated with unfavourable outcome were identified by logistic regression and
long-term disability was analysed.
Results: Among the 533 individuals enrolled, (Streptococcus pneumoniae 53.8% (280/520 isolates iden-
tified), Neisseria meningitidis 21.3% (111/520), others 24.9% (129/520)), case fatality rate was 16.9% (90/
533) and unfavourable outcome occurred in 45.0% (225/500). Factors independently associated with
unfavourable outcome were: age >70 years (adjusted odds ratio (aOR) 4.64; 95% CI 1.93e11.15), male
gender (aOR 2.11; 95% CI 1.25e3.57), chronic renal failure (aOR 6.65; 95% CI 1.57e28.12), purpura ful-
minans (aOR 4.37; 95% CI 1.38e13.81), localized neurological signs (aOR 3.72; 95% CI 2.29e6.05),
disseminated intravascular coagulation (aOR 3.19; 95% CI 1.16e8.79), cerebrospinal fluid (CSF) white-cell
count <1500 cells/mL (aOR 2.40; 95% CI 1.42e4.03), CSF glucose concentration (0.1e2.5 g/L: aOR 1.92; 95%
CI 1.01e3.67; <0.1 g/L: aOR 2.24; 95% CI 1.01e4.97), elevated CSF protein concentration (aOR 1.09; 95% CI
1.03e1.17), time interval between hospitalization and lumbar puncture >1 day (aOR 2.94; 95% CI 1.32

* Corresponding author. S. Tubiana, ST: Paris University, IAME, INSERM, F-75018 Paris, France.
E-mail address: sarah.tubiana@aphp.fr (S. Tubiana).

y Bruno Hoen and Xavier Duval contributed equally.
z The members of COMBAT study group are listed at the Acknowledgments section.
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Streptococcus pneumoniae
Neisseria meningitidis
Other streptococci
Listeria monocytogenes
Haemophilus influenzae
Staphylococcus aureus
Escherichia coli
Mycobacterium tuberculosis
Others

280/520 (53.8)
111/520 (21.3)

37/520 (7.1)
32/520 (6.2)
25/520 (4.8)
11/520 (2.1)
7/520 (1.3)
2/520 (0.4)

15/520 (2.9) 



Etude COMBATEtude COMBAT
Observatoire national des mObservatoire national des mééningites bactningites bactéériennes de l'adulteriennes de l'adulte

EtatEtat--des des --lieuxlieux des inclusionsdes inclusions

Newsletter investigateurs n°6, Déc 2014

Chers collègues investigateurs, 
Grâce à vous 430 patients ont été pré-inclus dans l’étude à ce jour et 345 d’entre eux sont inclus définitivement. Nous 

nous rapprochons à grands pas des objectifs fixés pour la cohorte. Nous vous remercions vivement pour tous vos 

efforts. Un grand merci en particulier pour vos réponses suite à notre dernière relance concernant les données 

manquantes. Nous nous tenons à votre disposition pour répondre à vos questions et vous souhaitons d’excellentes 

fêtes de fin d’année.

Courbe cumulative des inclusions au 2 dCourbe cumulative des inclusions au 2 dééc 2014c 2014

RRéépartition des micropartition des micro--organismesorganismes

1Klebsiella oxytoca

0,62Staphylococcus aureus

1Capnocytophaga cynodegmi

1Acinetobacter baumannii

15,453Non renseignés par les microbiologistes hospitaliers 
1Non spécifiés
2Pasteurella multocida
7Klebsiella pneumoniae

1Enterococcus faecalis
1Enterobacter cloacae

1Capnocytophaga canimorsus

4,616Autres microorganismes dont

1,24Escherichia coli
4,114Listeria monocytogenes
8,429Streptocoques non pneumocoque
3,813Haemophilus influenzae

17,460Méningocoque
44,6154Pneumocoque
84,6292Identifiés par les microbiologistes hospitaliers 

%nMicroorganismes

Informations renseignInformations renseignéées par les microbiologistes es par les microbiologistes 
hospitaliers chez les patients inclus dhospitaliers chez les patients inclus dééfinitivement (N=345)finitivement (N=345)

DonnDonnéées microbiologiqueses microbiologiques

Distribution mensuelle des inclusions au 2 dDistribution mensuelle des inclusions au 2 dééc 2014 c 2014 

Informations renseignInformations renseignéées par les microbiologistes es par les microbiologistes 
hospitaliers des centres et des CNRhospitaliers des centres et des CNR
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Evolution Pneumocoque Meningocoque

≥ 1 complication 253/280 (90.4) 90/111 (81.1)

Ventilation mécanique 134/271 (49.4) 33/108 (30.6)

Coma (Glasgow score <8) 89/275 (32.4) 14/110 (12.7)

Hyperthermie 43/266 (16.2) 13/107 (12.1)

Convulsions 48/276 (17.4) 5/110 (4.5)

Ventriculite 29/274 (10.6) 4/110 (3.6)

Tubiana S, CMI 2020



Pronostic cohorte COMBAT

In-hospital outcome (modified Rankin 
score) Pneumocoque (n=280) Méningocoque (n=111)

Death (6) 63/280 (22.5) 5/111 (4.5)

Major disability (5) 8/202 (4.0) 2/100 (2.0)

Moderately severe disability (4) 17/202 (8.4) 0/100 (0.0)

Moderate disability (3)
24/202 (11.9) 4/100 (4.0)

Mild disability (2)
32/202 (15.8) 8/100 (8.0)

Low disability (1)
48/202 (23.8) 29/100 (29.0)

No disability (0)
73/202 (36.1) 57/100 (57.0)

Unfavorable outcome*
144/265 (54.3) 19/105 (18.1)

Tubiana S, CMI 2020

Mortalité globale: 16,9% 
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Pneumococcal Meningitis in Adults: A Prospective 
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Background. "e epidemiology and treatment of pneumococcal meningitis has changed with the implementation of conjugate 
vaccines and the introduction of adjunctive dexamethasone therapy.

Methods. We analyzed episodes of community-acquired pneumococcal meningitis in adults (≥16 years) in the Netherlands, 
identi#ed by the National Reference Laboratory for Bacterial Meningitis or treating physician between October 1, 1998, and April 1, 
2002, and between January 1, 2006, and July 1, 2018. We studied incidence, pneumococcal serotypes, and clinical features. Predictors 
for unfavorable outcome (Glasgow Outcome Scale score 1–4) were identi#ed in a multivariable logistic regression model. Two phys-
icians independently categorized causes of death as neurological or systemic.

Results. "ere were 1816 episodes in 1783 patients. "e incidence of 7- and 10−7-valent pneumococcal conjugate vaccine sero-
types decreased (from 0.42 to 0.06, P = .001; from 0.12 to 0.03 episodes per 100 000 population per year, P = .014). Incidence of 
nonvaccine serotypes increased (from 0.45 to 0.68, P = .005). "e use of adjunctive treatment with dexamethasone increased and 
was administered in 85% of patients in 2018. In-hospital death occurred in 363 episodes (20%) and unfavorable outcome in 772 epi-
sodes (43%). Delayed cerebral thrombosis occurred in 29 patients (2%), of whom 15 patients (52%) died. Adjunctive dexamethasone 
therapy was associated with favorable outcome (adjusted odds ratio 2.27, P < .001), individual pneumococcal serotypes were not.

Conclusion. Implementation of conjugate vaccines and adjunctive dexamethasone therapy have changed the incidence and out-
come of pneumococcal meningitis in adults over the last two decades. Despite recent advances pneumococcal meningitis remains 
associated with a residual high rate of mortality and morbidity.

Keywords.  bacterial meningitis; pneumococcal disease; conjugate vaccines; dexamethasone; epidemiology.

A pneumococcal conjugate vaccine including 7 of the most 
common and virulent pneumococcal serotypes causing inva-
sive disease at that time (4, 6B, 9V, 14, 18C, 19F, 23F) was re-
commended for routine use in the United States in 2000 [1]. 
This has been followed by introduction of new vaccines in-
cluding 9, 10, 11, or 13 serotypes (additional serotypes 1, 3, 5, 
6A, 7F, 19A) [2, 3]. Routine use of these vaccines resulted in 
decreased nasopharyngeal carriage in children and a decreased 
incidence of invasive pneumococcal disease [4]. The incidence 
of meningitis in the (nonvaccinated) adult population has also 
decreased as result of herd protection [5, 6]. Serotype replace-
ment by nonvaccine serotypes has been reported following the 

introduction of vaccines and has abolished the overall effect of 
vaccination on pneumococcal meningitis incidence in some re-
gions [4].

In 2002, a randomized controlled study showed that early 
treatment with dexamethasone improved outcome in adults 
with bacterial meningitis [7]. A  post hoc analysis showed 
that dexamethasone decreased death in this subgroup be-
cause of a beneficial effect on systemic complications 
[8]. A  meta-analysis of individual patient data, however, 
showed that dexamethasone did not seem to reduce death 
or neurological disability overall [9]. A prospective cohort 
study including 357 episodes with pneumococcal menin-
gitis in the period 2006–2009 showed that dexamethasone 
therapy has been implemented on a large scale as adjunc-
tive treatment of adults with pneumococcal meningitis in 
the Netherlands [10].

Case series on adults with pneumococcal meningitis 
presented a limited number of patients precluding strat-
ification of pneumococcal serotypes and age groups 
[11–13]. We studied clinical features, prognostic factors, 
and pneumococcal serotypes of 2 nationwide perspective 
cohort studies on adult pneumococcal meningitis over a 
20-year period.

• 2 cohortes prospectives Oct 1998-Avr 2002 et Jan 2006-Jui 2018
• Adultes de plus de 16 ans
• Evolution défavorable définie par GOS < 5
• Cause de décès:

• Neurologique: engagement cérébral, infarctus cérébral ou hémorragie, EME 
réfractaire, LATA pronostic neurologique, autre complication neuro

• Systémique: choc septique, défaillance cardio-respiratoire, DMV, IDM, autre 
complication systémique

• Déterminée par 2 médecins en aveugle ttt par DXM

CID 2022:74, Feb 15



Pneumococcal Meningitis in Adults • CID 2022:74 (15 February) • 659

age increased from 60  years [IQR 47–71] in 1999–2002 to 
62 years [IQR 54–70] in 2015–2018 (linear regression β = 0.19, 
P = .002). #e triad of fever, neck sti$ness, and altered con-
sciousness was present in 842 of the 1661 episodes (51%). At 
least 2 of the 4 signs (triad plus headache) were present in 1335 
episodes (96%), 3 of 4 in 1127 episodes (81%), and all 4 in 621 
episodes (45%). Focal neurological abnormalities were present 
upon admission in 665 of 1804 patients (37%). Patients were 
comatose in 296 of 1800 episodes (16%).

#e mean annual incidence was 0.87 per 100  000 popula-
tion per year. #e reference laboratory received and performed 
serotyping on isolates of 1711 episodes (94%). A%er introduc-
tion of PCV7 vaccination in June 2006, the incidence decreased 
from 1.07 to 0.73 (2007 vs 2017–2018, incidence rate ratio 0.69 
(95% CI: 0.56–0.85), P < .001), with a decrease in incidence 
of PCV7 serotypes from 0.42 to 0.06 between 2007 and 2017 
(linear regression β = −0.04, P = .001; Figure 2). #e incidence 

of PCV10-7 serotypes (serotypes targeted by PCV10 [intro-
duced May 2011] but not by PCV7) decreased from 0.12 to 0.03 
between 2011 and 2017 (linear regression β = −0.02, P = .014). 
Concomitantly, there was an increase in the incidence of non-
PCV serotypes from 0.45 to 0.68 between 2007 and 2017 (linear 
regression β = 0.01, P = .005). PCV13-10 serotypes remained 
stable (P = .39). Of the 1697 isolates tested for penicillin sus-
ceptibility, 36 isolates (2%) were resistant to penicillin. Of the 
34 isolates subsequently tested for ce%riaxone susceptibility, 
31 isolates were susceptible and 3 isolates showed intermediate 
susceptibility.

Initial antibiotic treatment was known for 1714 patients 
(94%) and consisted of third-generation cephalosporins in 
combination with amoxicillin in 752 patients (44%) and in 
combination with penicillin or ampicillin in 57 patients (3%). 
Dexamethasone was administered per protocol in 1188 of 1774 
episodes (67%), and a%er the antibiotics or clinical deterioration 

Figure 1. Selection of patients. Patients were identified through surveillance of the Netherlands Reference Laboratory for Bacterial Meningitis (n = 3518) or by the 
treating physician (n = 508). Streptococcus pneumoniae was identified by CSF culture in 1739 episodes, and in the remaining 77 episodes by both blood culture and CSF PCR 
(n = 7), blood culture and CSF antigen (n = 7), or only by blood culture (n = 42), CSF PCR (n = 15), or CSF antigen (n = 6). Of the 1480 analyzed episodes of community-acquired 
pneumococcal meningitis in cohort 2, 1314 episodes were identified by the reference laboratory (mortality rate 18%) and 166 episodes by the treating physician (mortality 
rate 10%). Abbreviations: CSF, cerebrospinal fluid; PCR, polymerase chain reaction.



Présentation clinique
Eléments cliniques 1816 patients

Age 62 (51-70)

Male 902 (50%)

Immunodéprimé/Cancer 462 (25) / 192 (13)

Pneumonie/EI 213 (12) / 13 (1)

Convulsions avant ou moment admission 150 (9)

GCS < 14 1446 (80) et 16% inf à 8

Hémoculture positive 1288 (81)

Complications systémiques

Défaillance cardio-respiratoire 578 (33)

dont Ventilation mécanique 469 (74)
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Liquide cérébro-spinal

Paramètre

Leucocytes 2570 (561-7063)

moins de 1000 cellules 561 (33)

Protides (g/ml) 4.3 (2.5-6.5)

Ratio glycorachie/glycémie 0.03 (0.01-0.22)

Culture positive 1739 (96)

Pression Ouverture LCS (cmH2O) 44 (31-50), > 50 dans 42% des cas
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11 of 336 (3%) in 1998–2002 to 1177 of 1438 (82%) between 
2006 and 2018 (P < .001). In 2018, 73 of 86 patients (85%) 
received dexamethasone.

Dexamethasone use was associated with a lower rate of car-
diorespiratory failure (323 of 1156 [28%] vs 237 of 575 [41%], 
P < .001), lower rate of in-hospital seizures (174 of 1139 [15%] 

Figure 2. Pneumococcal serotype of episodes included in the Netherlands, 1998–2018. Serotype distribution according to pneumococcal conjugate vaccine (PCV) 
group of included episodes of pneumococcal meningitis in adults per epidemiological year (July–June, represented as year on January 1). Included episodes were due to sero-
type (number of episodes): 3a (187), 8 (158), 7Fb (148), 22F (108), 19Aa (78), 19Fc (75), 10A (68), 12F (67), 23B (62), 23Fc (60), 14c (56), 4c (47), 9Vc (46), 9N (45), 6Bc (39), 11A (37), 
18Cc (36), 23A (35), 33F (32), 1b (31), 6Aa (30), 24F (26), 16F (25), 6C (23), 15B (22), 35F (20), 15A (17), 17F (16), 38 (14), 31 (11), 15C (10), 18B (8), 34 (7), 20 (6), 35B (6), 22A (5), 37 
(4), 5b (4), 10B (2), 27 (2), 13 (1), 21 (1), 24B (1), 25A (1), 28F (1), 7A (1), 7B (1). Serotyping was not performed or subtyping incomplete in 136 episodes. aPCV13-10, bPCV10-7, cPCV7.

Figure 3. Change in clinical outcome over a 20-year period. Histogram showing the clinical outcome as scored on the Glasgow Outcome Scale (GOS) in 1998–2002, 
2006–2011, and 2012–2018. Score 5 indicates mild to no deficits (left), score 1 indicates death (right). Adjunctive dexamethasone was administered between 1992 and 2002 
in 1/104 patients (1%), 0/2 patients (0%), 0/17 patients (0%), 1/48 patients (2%), and 9/165 patients (5%) from GOS 1 to 5, respectively, between 2006 and 2011 in 77/108 
patients (71%), 1/1 patients (100%), 22/29 patients (76%), 87/104 patients (84%), and 305/352 patients (87%) from GOS 1 to 5 respectively, and between 2012 and 2018 in 
100/141 patients (71%), 2/3 patients (67%), 33/44 patients (75%), 118/148 patients (80%), and 432/508 (85%) from GOS 1 to 5, respectively.
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Background. "e epidemiology and treatment of pneumococcal meningitis has changed with the implementation of conjugate 
vaccines and the introduction of adjunctive dexamethasone therapy.

Methods. We analyzed episodes of community-acquired pneumococcal meningitis in adults (≥16 years) in the Netherlands, 
identi#ed by the National Reference Laboratory for Bacterial Meningitis or treating physician between October 1, 1998, and April 1, 
2002, and between January 1, 2006, and July 1, 2018. We studied incidence, pneumococcal serotypes, and clinical features. Predictors 
for unfavorable outcome (Glasgow Outcome Scale score 1–4) were identi#ed in a multivariable logistic regression model. Two phys-
icians independently categorized causes of death as neurological or systemic.

Results. "ere were 1816 episodes in 1783 patients. "e incidence of 7- and 10−7-valent pneumococcal conjugate vaccine sero-
types decreased (from 0.42 to 0.06, P = .001; from 0.12 to 0.03 episodes per 100 000 population per year, P = .014). Incidence of 
nonvaccine serotypes increased (from 0.45 to 0.68, P = .005). "e use of adjunctive treatment with dexamethasone increased and 
was administered in 85% of patients in 2018. In-hospital death occurred in 363 episodes (20%) and unfavorable outcome in 772 epi-
sodes (43%). Delayed cerebral thrombosis occurred in 29 patients (2%), of whom 15 patients (52%) died. Adjunctive dexamethasone 
therapy was associated with favorable outcome (adjusted odds ratio 2.27, P < .001), individual pneumococcal serotypes were not.

Conclusion. Implementation of conjugate vaccines and adjunctive dexamethasone therapy have changed the incidence and out-
come of pneumococcal meningitis in adults over the last two decades. Despite recent advances pneumococcal meningitis remains 
associated with a residual high rate of mortality and morbidity.

Keywords.  bacterial meningitis; pneumococcal disease; conjugate vaccines; dexamethasone; epidemiology.

A pneumococcal conjugate vaccine including 7 of the most 
common and virulent pneumococcal serotypes causing inva-
sive disease at that time (4, 6B, 9V, 14, 18C, 19F, 23F) was re-
commended for routine use in the United States in 2000 [1]. 
This has been followed by introduction of new vaccines in-
cluding 9, 10, 11, or 13 serotypes (additional serotypes 1, 3, 5, 
6A, 7F, 19A) [2, 3]. Routine use of these vaccines resulted in 
decreased nasopharyngeal carriage in children and a decreased 
incidence of invasive pneumococcal disease [4]. The incidence 
of meningitis in the (nonvaccinated) adult population has also 
decreased as result of herd protection [5, 6]. Serotype replace-
ment by nonvaccine serotypes has been reported following the 

introduction of vaccines and has abolished the overall effect of 
vaccination on pneumococcal meningitis incidence in some re-
gions [4].

In 2002, a randomized controlled study showed that early 
treatment with dexamethasone improved outcome in adults 
with bacterial meningitis [7]. A  post hoc analysis showed 
that dexamethasone decreased death in this subgroup be-
cause of a beneficial effect on systemic complications 
[8]. A  meta-analysis of individual patient data, however, 
showed that dexamethasone did not seem to reduce death 
or neurological disability overall [9]. A prospective cohort 
study including 357 episodes with pneumococcal menin-
gitis in the period 2006–2009 showed that dexamethasone 
therapy has been implemented on a large scale as adjunc-
tive treatment of adults with pneumococcal meningitis in 
the Netherlands [10].

Case series on adults with pneumococcal meningitis 
presented a limited number of patients precluding strat-
ification of pneumococcal serotypes and age groups 
[11–13]. We studied clinical features, prognostic factors, 
and pneumococcal serotypes of 2 nationwide perspective 
cohort studies on adult pneumococcal meningitis over a 
20-year period.
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many patients. However, in some patients vasculopathy may 
still occur a"er the 4-day course of adjunctive therapy, stressing 
the need for evaluation of prolonged or intensi#ed immunosup-
pressive treatment in bacterial meningitis.

Our study has several limitations. $e methods of patient 
identi#cation and data collection di%ered to some extent be-
tween cohorts 1 and 2. $e categorization of cause of death was 
based on more elaborate clinical documentation in cohort 2, re-
sulting in improved interrater agreement compared with cohort 
1, which could have introduced heterogeneity between the time 
periods. Most importantly, only a small proportion of pneumo-
coccal meningitis cases included in our cohort had negative CSF 
cultures (4%) because the Netherlands Reference Laboratory 
for Bacterial Meningitis identi#es patients with a positive CSF 
culture. $ough not speci#c to pneumococcal meningitis, a re-
cent study found that 22% of patients with a clinical diagnosis of 
bacterial meningitis aided by CSF chemistry results had a neg-
ative CSF culture [28, 29]. Patients in whom a lumbar puncture 

is postponed (eg, anticoagulant therapy, risk of brain hernia-
tion), which increased the rate of negative CSF cultures in our 
cohort, or not undergo lumber puncture at all, are thus under-
represented in our cohort. A  substantial proportion of iden-
ti#ed patients with bacterial meningitis were not included in 
our cohort.

In conclusion, progress has been made in the prevention and 
treatment of pneumococcal meningitis over the past 2 decades. 
Pneumococcal conjugate vaccines have reduced the incidence 
of pneumococcal meningitis, but serotype replacement high-
lights that new approaches to prevention are needed. $e shi" 
in the pneumococcal population has not signi#cantly altered 
the clinical course of pneumococcal meningitis. $e improved 
clinical outcome over the past 2 decades is mainly attributable 
to the implementation of adjunctive dexamethasone. $e rate of 
morbidity and mortality is still high, however, especially in the 
elderly in whom the rate of death from systemic complications 
is still high in spite of dexamethasone therapy. $is warrants 

Figure 5. Age-related differences in pneumococcal meningitis. (A) Rate of cardiorespiratory complications and death from systemic complications, (B) generalized 
brain edema and death from brain herniation, and (C) rate of cerebral infarction and/or hemorrhage and resulting death per age group. (D) The effect of dexamethasone use 
on overall mortality, and death (E) from systemic and (F) neurological complications per age group.

• Décès en 7j en médiane [3-12] dans le groupe de plus de 75 ans

• Décès en 3j emmédiane [1-9] dans le groupe des 16-39 ans



• Complication systémique:
• cardio-respiratoire (n = 72)
• choc septique (n = 42),
• DMV(n = 21),
• IDM (n = 6),
• Autre (n = 25)

• Complication neurologique:
• Engagement(n = 78),
• AVC(n = 56),
• LATA (n = 44),
• EME réfractaire (n = 7),
• Autre(n = 7). 
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dexamethasone group died, compared with 34% in the placebo 
group [7]. !e mortality rate among patients not treated with 
dexamethasone was similar before 2002 and from 2006 onwards 
(32% vs 28%, respectively), suggesting only a modest positive 
e"ect on mortality from improvements of intensive care unit 
care, more timely clinical presentation and/or administration 
of antibiotics, or other factors. Of note, in our study, mortality 
rate was substantially higher than the 5% reported in a German 
tertiary referral single-center experience following dexametha-
sone introduction, likely because of the use of prospective sur-
veillance by the reference laboratory [13]. Moribund patients 
are less likely to be transferred to a tertiary referral center. Also, 
physicians are hesitant to include moribund patients in clinical 
studies (demonstrated by the low mortality in patients identi-
#ed by the treating physician), whereas 30% of deaths occurred 
within the #rst 3 days [23].

Our #ndings illustrate that age modulates the disease 
course and e"ectiveness of adjunctive treatment. For neu-
rological cause of death, young adults mainly died of brain 
herniation, whereas older patients died from cerebrovascular 
complications or withdrawal of care because of poor prog-
nosis. We found that dexamethasone mainly reduced the rate 
of systemic deaths from 15% to 6%. !is is concordant with 
the post hoc analysis in the randomized clinical trial [8]. 
Dexamethasone also lowered the rate of neurological deaths 
from 15% to 9%. Dexamethasone, however, was not as ef-
fective in reducing systemic deaths in the older population. 
!e role of corticosteroids in patients with sepsis has been 
investigated in several randomized clinical trials with con-
%icting results and its use in clinical practice is variable. !e 
most recent Cochrane review, including 61 studies involving 
12 192 patients, concluded that corticosteroids probably re-
duce mortality in patients with sepsis and result in large re-
ductions of intensive care unit and in-hospital stay duration 
[24]. !e lower mortality in critically ill coronavirus disease 
2019 patients treated with adjunctive corticosteroids has 
generated renewed interest in the use of corticosteroids in 
other infectious diseases [25]. Clinical trials in promising 
new treatments for pneumococcal meningitis such as adju-
vant complement system intervention could consider post 
hoc analyses for systemic and neurological complications 
and for di"erent age groups [26].

Delayed cerebral thrombosis is a devastating complication 
that has been associated with poor outcome in 93% and death 
in 52% in our cohort. !is complication, de#ned as the occur-
rence of multiple cerebral infarctions in patients who initially 
recover, was not recognized until the implementation of dexa-
methasone [27]. Although the rate of delayed cerebral throm-
bosis was higher in patients treated with dexamethasone (2%), 
this complication also does occur in patients without adjunc-
tive dexamethasone therapy. We hypothesize that the use of 
dexamethasone may suppress initial cerebral vasculopathy in 

Figure 4. Effect of dexamethasone on survival in pneumococcal men-
ingitis. (A) Kaplan-Meier estimates stratified for the use of dexamethasone for 
overall mortality, and death from (B) systemic and (C) neurological complications. P 
values of the respective log-rank tests were all < 0.0001. Patients discharged within 
14 days of admission were not censored but considered to survive. Cause of death 
was assigned by 2 independent reviewers. Death from systemic complications: car-
diorespiratory failure (n = 72), septic shock (n = 42), multiorgan dysfunction (n = 21), 
or myocardial infarction (n = 6), or other (n = 25); death from neurologic complica-
tions: brain herniation (n = 78), brain infarction and/or hemorrhage (n = 56), with-
drawal of care because of poor neurological prognosis (n = 44), intractable seizures 
(n = 7), or other (n = 7).

Causes de décès 

P<0.0001
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with herpes simplex encephalitis admitted 
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Abstract 
Purpose: We aimed to study the association of body temperature and other admission factors with outcomes of 
herpes simplex encephalitis (HSE) adult patients requiring ICU admission.

Methods: We conducted a retrospective multicenter study on patients diagnosed with HSE in 47 ICUs in France, 
between 2007 and 2017. Fever was defined as a body temperature higher or equal to 38.3 °C. Multivariate logistic 
regression analysis was used to identify factors associated with poor outcome at 90 days, defined by a score of 3–6 
(indicating moderate-to-severe disability or death) on the modified Rankin scale.

Results: Overall, 259 patients with a score on the Glasgow coma scale of 9 (6–12) and a body temperature of 
38.7 (38.1–39.2) °C at admission were studied. At 90 days, 185 (71%) patients had a poor outcome, including 44 
(17%) deaths. After adjusting for age, fever (OR = 2.21; 95% CI 1.18–4.16), mechanical ventilation (OR = 2.21; 95% CI 
1.21–4.03), and MRI brain lesions > 3 lobes (OR = 3.04; 95% CI 1.35–6.81) were independently associated with poor 
outcome. By contrast, a direct ICU admission, as compared to initial admission to the hospital wards (i.e., indirect ICU 
admission), was protective (OR = 0.52; 95% CI 0.28–0.95). Sensitivity analyses performed after adjustment for func-
tional status before admission and reason for ICU admission yielded similar results.

Conclusions: In HSE adult patients requiring ICU admission, several admission factors are associated with an 
increased risk of poor functional outcome. The identification of potentially modifiable factors, namely, elevated admis-
sion body temperature and indirect ICU admission, provides an opportunity for testing further intervention strategies.

Keywords: Encephalitis, Herpes simplex, Fever, Functional outcome, ICU
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• Cohorte multicentrique française de 2007 à 2017
• 47 services de réanimation
• Pronostic défavorable défini par un mRankin de 3 à 6
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Table 1 Patients’ characteristics at ICU admission

Variables Total
n = 259

mRS 0–2
n = 74

mRS 3–6
n = 185

P value

Demographics
Age (years) 64 (54–73) 60 (44–69) 65 (57–75) < 0.01

Male sex 132 (51) 38 (51) 94 (51) 0.94

Coexisting conditions
Diabetes 36/256 (14) 7 (9) 29/182 (16) 0.18

Alcohol abuse 33/256 (13) 5 (7) 28/182 (15) 0.06

Epilepsy 9/257 (4) 3 (4) 6/183 (3) 0.76

Immunocompromised 49/256 (19) 10 (14) 39 (21) 0.16

Functional status before admission
Knaus score A or  Ba 245/257 (95) 74 (100) 171/183 (93) 0.02

mRS > 2 13/257 (5) 1/74 (1) 12/183 (7) 0.08

Reason for ICU admission
Altered mental status 128 (49.4) 36 (48.6) 92 (49.7) 0.06

Seizure 65 (25.1) 25 (33.8) 40 (21.6)

Otherb 66 (25.5) 13 (17.6) 53 (28.6)

Clinical characteristics
Glasgow coma scale

 Scorec 9 (6–12) 10 (6–13) 8 (6–12) 0.11

 < 8, indicating coma 89/243 (34) 22/72 (31) 67/171 (39) 0.11

Temperature

 Degrees (°C)d 38.7 (38.1–39.2) 38.4 (38–39) 38.9 (38.2–39.2) 0.02

 ≥ 38.3 °C, indicating fever 165/241 (69) 41/69 (60) 124/172 (72) 0.06

Convulsive seizures 92 (36) 28 (38) 64 (35) 0.62

 Uncomplicated seizure(s) 66 (26) 20 (27) 46 (25)

 Status epilepticus 26 (10) 8 (11) 18 (10)

Focal signs 68/258 (15) 11 (15) 57/184 (31) < 0.01

Aspiration pneumonia 72/258 (29) 16 (22) 56/184 (30) 0.16

Invasive mechanical ventilation 166 (62) 35 (47) 131 (71) < 0.01

CSF
HSV 1 genotype 205/215 (95) 55/59 (93) 149/155 (96) 0.37

Leucocytes (/mm3)e 50 (12–140) 83 (15–200) 42 (10–120) 0.08

Lymphocytes (%)f 86 (61–96) 80 (55–97) 87.8 (63.8–95) 0.65

Protein level (g/l)g 0.7 (0.5–1.1) 0.7 (0.5–1) 0.7 (0.5–1.3) 0.98

EEG
Abnormal EEG 218/226 (96) 52/62 (92) 161/164 (98) 0.024

Brain imaging
CT-scan performed 215/250 (83) 58/72 (78) 157/178 (85) 0.21

Abnormal CT-scan 73/214 (34) 21/58 (36) 52/156 (33) 0.69

MRI performed 225 (87) 67 (91) 158 (85) 0.27

Abnormal MRI 221/223 (98) 64/67 (96) 155/156 (99) 0.04

MRI brain lesions > 3  lobesh 60/214 (33) 9/64 (14) 51/150 (34) <0.01

Initial management
Time between onset of symptoms and ICU 

admission (days)i
2 (1–4) 2 (0–4) 2 (1–4) 0.45

Time between ICU admission and initiation of 
acyclovir (days)j

0 (0–1) 0 (0–1) 0 (0–1) 0.17

Direct ICU  admissionk 136/257 (53) 49 (66) 87/183 (48) <0.01
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Table 1 Patients’ characteristics at ICU admission

Variables Total
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mRS 3–6
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P value
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study and the time between ICU admission and the first 
MRI study were 3 (1–9) and 1 (0–7) days, respectively. 
Extensive lesions in more than three cerebral lobes 
were documented on MRI reports in 60/214 (33%) 
patients.

All patients received intravenous acyclovir for 21 (21–
21) days, at an initial dose of 10 mg/kg/8 h for the first 
24  h, secondarily adjusted to renal function. "e time 
between hospital admission and acyclovir initiation and 
the time between ICU admission and acyclovir initiation 
were 1 (0–2) days and 0 (0–1) days, respectively. "e time 
between the onset of neurological symptoms and acyclo-
vir therapy was 2 (0–3) days.

EEG abnormalities (i.e., diffuse or focal slowing) were 
noted in 214/226 (96%) cases. Lateralized periodic dis-
charges were noted in 66/223 (30%) patients, electro-
graphic seizures in 29/225 (13%) patients, and triphasic 
waves in 23/223 (10%) patients.

Treatments during ICU stay are reported in Table  2. 
Overall, 177/258 (69%) patients required invasive 
mechanical ventilation, for a duration 10 (6–21) days and 
40/258 (16%) patients required a tracheostomy. Forty-
five/258 (17%) patients required vasopressors and 8/258 
(3%) required renal replacement therapy. Intracranial 
pressure (ICP) monitoring and ICP-targeted therapies 
were used in less than 5% of cases.

Table 1 (continued)
Results expressed as median (quartiles) or numbers (%)

mRS modi!ed Rankin Scale, ICU intensive care unit, GCS Glasgow Coma Scale, SAPS simpli!ed acute physiology score, CSF cerebrospinal "uid, HSV herpes simplex 
virus, EEG electroencephalogram, CT computed tomography, MRI magnetic resonance imaging
a A good functional status prior admission was de!ned by a KNAUS score of A or B
b Mainly respiratory failure
c GCS was determined in 243 patients
d Temperature was determined in 241 patients
e Leukocyte count was determined in 245 patients
f Lymphocyte count was determined in 228 patients
g Protein level was determined in 219 patients
h The number of lobes involved on MRI was determined in 180 patients
i Time between onset of symptoms and ICU admission was determined in 253 patients
j Time between ICU admission and initiation of acyclovir was determined in 256 patients
k vs. initial admission to hospital wards

Table 2 Treatments during ICU stay

Results expressed as numbers (%)

mRS Simpli!ed modi!ed Rankin Scale, ICU intensive care unit, ICP intracranial pressure
a Mannitol or hypertonic saline solution
b Adjunctive steroids for management of raised intracranial pressure

Variables Total
n = 259

mRS 0–2
n = 74

mRS 3–6
n = 185

P value

Organ failure management
Invasive mechanical ventilation 177/258 (69) 37 (50) 140/184 (76) < 0.01

Tracheostomy 40/258 (16) 6 (8) 34/184 (18) 0.04

Renal replacement therapy 8/258 (3) 2 (3) 6/184 (3) 0.82

Vasopressors 45/258 (17) 12 (16) 33/184 (18) 0.76

Neurocritical care
Anticonvulsant therapy 187/257 (73) 48/73 (66) 139/184 (75) 0.10

ICP monitoring 8/258 (3) 3 (4) 5/184 (3) 0.57

Antioedematous treatment 13/255 (5.3) 3/73 (4) 10/182 (5) 0.13

Osmotherapya 7/255 (3) 0/73 (1) 7/182 (4)

Steroidsb 6/255 (2) 3/73 (4) 3/182 (2)

Neurosurgery
External ventricular drainage 1/258 (0.5) 0 (0) 1/184 (1) 0.53

Decompressive craniectomy 4/258 (2) 1 (1) 3/184 (2) 0.87

Prise en charge des défaillances
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At 90  days, 185 (71%) patients had a poor functional 
outcome, including 44 (17%) deaths.

Univariate analysis of factors associated with poor 
functional outcome is presented in the electronic sup-
plemental material (Table S1). Variables associated with 
outcome in univariate analysis entered in the multivariate 
model were age, the reason for ICU admission, alcohol-
ism, admission body temperature, invasive mechanical 
ventilation, MRI brain lesions > 3 lobes, and direct ICU 
admission.

Multivariate analysis of factors associated with poor 
functional outcome is presented in Table 3.

After adjusting for age, admission body tempera-
ture ≥ 38.3  °C (OR = 2.21; 95% CI 1.18–4.16), invasive 
mechanical ventilation (OR = 2.21; 95% CI 1.21–4.03), 
and MRI brain lesions > 3 lobes (OR = 3.04; 95% CI 
1.35–6.81) were independently associated with poor out-
come. By contrast, a direct ICU admission, as compared 
to initial admission to the hospital wards, was protec-
tive (OR = 0.52; 95% CI 0.28–0.95). Bootstrap confidence 
intervals are presented in the electronic supplemen-
tal material, Table  S2. Distribution of the mRS scores 
according to independent predictors of poor outcome 
identified in the model is presented in Fig.  1. Among 
survivors, persistent cognitive impairment, aphasia, 
or behavioral changes were reported in 159/215 (84%) 
patients and persistent motor deficits in 53/215 (25%) 
patients.

When an exploratory analysis was performed accord-
ing to temperature quartiles, only the third (OR = 2.95; 
95% CI 1.29–6.76) and the fourth quartiles (OR = 3.07 
95%CI 1.25–7.56) were independently associated with 

outcome (electronic supplemental material, Figure S1). 
Sensitivity analyses conducted with the reason for ICU 
admission and mRS before ICU admission added as 
covariables are described in the electronic supplemental 
material, Table S3 and Table S4, respectively. An alluvial 
diagram of mRS scores at ICU discharge and at 90 days is 
presented in the electronic supplemental material, Figure 
S3.

A table comparing directly vs. indirectly admitted 
patients is provided in the electronic supplemental mate-
rial, Table  S5. Indirectly admitted patients had more 
respiratory complications at admission, i.e., aspiration 
pneumonia and need for mechanical ventilation, than 
their counterparts.

Discussion
In this large multicenter study of 259 HSE adult patients 
requiring ICU admission, we found that a poor func-
tional outcome (i.e., moderate-to-severe disability or 
death) at 90 days was observed in more than two-thirds 
of cases. We identified several demographic factors and 
medical characteristics associated with poor outcome, 
including potentially modifiable factors, namely, elevated 
admission body temperature and indirect ICU admis-
sion. Non-modifiable factors included older age, need 
for mechanical ventilation, and extensive lesions to more 
than three lobes on MRI.

In our study, we observed a high disability burden, 
with almost three out of four patients not reaching func-
tional independence at 90 days, and persistent cognitive 
changes (i.e., cognitive impairment, aphasia, or behavio-
ral changes) being noted in most survivors. Because we 
focused on the most severe cases of HSE admitted to 
the ICU, we observed a higher mortality rate (17%) than 
that reported in the previous studies conducted mainly 
in non-ICU settings, ranging from 5 to 16% [4–6, 11, 
21–23].

We identified elevated admission body temperature as 
an independent predictor of poor functional outcome, 
with our exploratory analysis performed according to 
body temperature quartiles suggesting a “threshold” 
effect. Although fever is known to be a hallmark of acute 
encephalitis [12], this independent association has never 
been reported in HSE [24]. Recent French guidelines on 
acute encephalitis recommend fever control to achieve 
normothermia, irrespective of etiology or severity [25]. 
Unfortunately, data on fever time course and data on 
potential interventions to control fever during the ICU 
stay were not collected. #erefore, it remains unclear 
from our study whether fever control to achieve normo-
thermia as part of the initial management of severe HSE 
is beneficial for patients.

Table 3 Multivariate analysis of  factors associated 
with poor functional outcome (mRS > 2)

The variables tested in multivariate analysis were: age, a direct ICU admission, 
the reason for ICU admission, Alcohol abuse, a body temperature ≥ 38.3 °C, more 
than 3 lobes on brain MRI, Invasive mechanical ventilation. The "nal model was 
obtained after a backward selection of the covariates. AUC for the model was 
0.74

mRS modi"ed Rankin Scale, CI con"dence Interval; ICU Intensive Care Unit

Variables Odds ratio 95% CI P value

Age, years

 < 50 1 – 0.03

 ≥ 50 and < 65 2.00 [0.92; 4.36] –

 ≥ 65 and < 75 2.06 [0.89; 4.78] –

 ≥ 75 4.81 [1.72; 13.5] –

Body temperature ≥ 38.3 °C 2.21 [1.18; 4.16] 0.01

Invasive mechanical ventilation 2.21 [1.21; 4.03] 0.01

MRI brain lesions > 3 lobes 3.04 [1.35; 6.81] <0.01

Direct ICU admission (versus initial 
admission to the hospital wards)

0.52 [0.28; 0.95] 0.03

Facteurs pronostiques
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Abstract

IMPORTANCE Current guidelines recommend brain magnetic resonance imaging (MRI) for clinical
management of patients with severe herpes simplex encephalitis (HSE). However, the prognostic
value of brain imaging has not been demonstrated in this setting.

OBJECTIVE To investigate the association between early brain MRI data and functional outcomes of
patients with HSE at 90 days after intensive care unit (ICU) admission.

DESIGN, SETTING, AND PARTICIPANTS This multicenter cohort study was conducted in 34 ICUs in
France from 2007 to 2019 and recruited all patients who received a clinical diagnosis of encephalitis
and exhibited cerebrospinal fluid positivity for herpes simplex virus DNA in the polymerase chain
reaction analysis. Data analysis was performed from January to April 2020.

EXPOSURES All patients underwent a standard brain MRI during the first 30 days after ICU
admission.

MAIN OUTCOMES AND MEASURES MRI acquisitions were analyzed by radiologists blinded to
patients’ outcomes, using a predefined score. Multivariable logistic regression and supervised
hierarchical classifiers methods were used to identify factors associated with poor outcome at 90
days, defined by a score of 3 to 6 (indicating moderate-to-severe disability or death) on the Modified
Rankin Scale.

RESULTS Overall, 138 patients (median [interquartile range {IQR}] age, 62.6 [54.0-72.0] years; 75
men [54.3%]) with an admission median (IQR) Glasgow Coma Scale score of 9 (6-12) were studied.
The median (IQR) delay between ICU admission and MRI was 1 (1-7) days. At 90 days, 95 patients
(68.8%) had a poor outcome, including 16 deaths (11.6%). The presence of fluid-attenuated inversion
recovery MRI signal abnormalities in more than 3 brain lobes (odds ratio [OR], 25.71; 95% CI,
1.21-554.42), age older than 60 years (OR, 7.62; 95% CI, 2.02-28.91), and the presence of diffusion-
weighted MRI signal abnormalities in the left thalamus (OR, 6.90; 95% CI, 1.12-43.00) were
independently associated with poor outcome. Machine learning models identified bilateral diffusion
abnormalities as an additional factor associated with poor outcome (34 of 39 patients [87.2%] with
bilateral abnormalities had poor outcomes) and confirmed the functional burden of left thalamic
lesions, particularly in older patients (all 11 patients aged >60 years had left thalamic lesions).

CONCLUSIONS AND RELEVANCE These findings suggest that in adult patients with HSE requiring
ICU admission, extensive MRI changes in the brain are independently associated with poor functional

(continued)

Key Points
Question Are early brain changes seen
on magnetic resonance imaging (MRI)
associated with functional outcomes
among adult patients with severe
herpes simplex encephalitis (HSE)?

Findings In adult patients with HSE,
extensive brain changes seen on MRI
during the first month after intensive
care unit admission were independently
associated with poor functional
outcome at 90 days. Thalamic diffusion
signal changes were frequently
observed and were associated with poor
prognosis, mainly in older patients.

Meanings These findings suggest that,
among adult patients with severe HSE,
early MRI data were associated with
neurological outcomes, both in terms of
brain lesion extension and critical focal
MRI signal changes.

+ Supplemental content

Author affiliations and article information are
listed at the end of this article.

Open Access. This is an open access article distributed under the terms of the CC-BY License.

JAMA Network Open. 2021;4(7):e2114328. doi:10.1001/jamanetworkopen.2021.14328 (Reprinted) July 27, 2021 1/13

Downloaded From: https://jamanetwork.com/ by Bruno Mourvillier on 03/15/2022

patient’s disability rating at 90 days. In addition, as previously suggested by small reports on
HSE,14,26 DWI sequences, which reflect the molecular motion of water within the tissue, were able to
identify cytotoxic and vasogenic edema lesions with interesting performances for brain lesion
assessment and early diagnosis. Actually, in our cohort, DWI anomalies were a turning point
regarding the patient’s functional outcome, because bilateral DWI parenchymal lesions were
significantly associated with worse outcomes. It is worth noting that brain hemorrhage and blood-
brain barrier disruption (detected by T2*-weighted and contrast-enhanced T1-weighted sequences,
respectively) were not associated with functional outcomes.

Only scarce data exist on detailed anatomical MRI analysis of different brain substructures in
patients with HSE.10,27 Typically, HSE causes selective damage mainly to the mesial temporal lobe’s
structures, including the hippocampus.28 Interestingly, using a systematic whole-brain assessment of
HSE’s impact, we have observed frequent thalamic involvement in severe HSE cases. This result is in
contrast with previous reports13 suggesting that thalamic involvement is rare in patients with HSE
and should make us consider alternative diagnoses in cases of encephalitis. When we specifically
focused on the potential clinicopathological associations between thalamic and brain cortical

Figure 2. Distribution of Modified Rankin Scale (mRS) at Day 90 According to Magnetic Resonance Imaging Data
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On the mRS, a score of 0 to 2 indicates a good
outcome, a score of 3 to 5 indicates severe disabilities,
and a score of 6 indicates death. DWI indicates
diffusion-weighted imaging; FLAIR, fluid-attenuated
inversion recovery.

Table 2. Multivariable Analysis of Factors Associated With Poor Functional Outcomea

Factor OR (95% CI) P value
>3 Lobes involved on fluid-attenuated inversion recovery sequence 25.71 (1.21-554.42) .04b

Age >60 y 7.62 (2.02-28.91) .002b

Hypersignal in left thalamus 6.90 (1.12-43.00) .04b

Simplified Acute Physiology Score >34 3.91 (1.31-11.81) .02b

Bilateral lesions on diffusion-weighted imaging sequence 3.17 (0.64-17.65) .19

Direct emergency department admissionc 0.30 (0.17-0.97) .045b

Abnormalities in right thalamus on T2*-weighted sequences 0.21 (0.41-1.02) .05

Abbreviation: OR, odds ratio.
a A logistic regression model was applied. Area under

the curve was 0.87 (95% CI, 0.79-0.93). Goodness of
fit (Hosmer and Lemeshow test) was 0.75. Overall,
81.4% of cases were correctly classified.

b Indicates statistical significance at P < .05.
c A direct admission was defined as straightforward

ICU admission from the emergency department.
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brain barrier disruption (detected by T2*-weighted and contrast-enhanced T1-weighted sequences,
respectively) were not associated with functional outcomes.

Only scarce data exist on detailed anatomical MRI analysis of different brain substructures in
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structures, including the hippocampus.28 Interestingly, using a systematic whole-brain assessment of
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>3 Lobes involved on fluid-attenuated inversion recovery sequence 25.71 (1.21-554.42) .04b

Age >60 y 7.62 (2.02-28.91) .002b

Hypersignal in left thalamus 6.90 (1.12-43.00) .04b

Simplified Acute Physiology Score >34 3.91 (1.31-11.81) .02b

Bilateral lesions on diffusion-weighted imaging sequence 3.17 (0.64-17.65) .19

Direct emergency department admissionc 0.30 (0.17-0.97) .045b

Abnormalities in right thalamus on T2*-weighted sequences 0.21 (0.41-1.02) .05

Abbreviation: OR, odds ratio.
a A logistic regression model was applied. Area under

the curve was 0.87 (95% CI, 0.79-0.93). Goodness of
fit (Hosmer and Lemeshow test) was 0.75. Overall,
81.4% of cases were correctly classified.

b Indicates statistical significance at P < .05.
c A direct admission was defined as straightforward

ICU admission from the emergency department.
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OBJECTIVES: To describe the prevalence, associated factors, and clinical im-
pact of an initial negative herpes simplex virus (HSV) polymerase chain reaction 
(PCR) in critically ill patients with PCR-proven HSV encephalitis.

DESIGN: Retrospective multicenter study from 2007 to 2017.

SETTING: Forty-seven French ICUs.

PATIENTS: Critically ill patients admitted to the ICU with possible/probable 
acute encephalitis and a positive cerebrospinal fluid (CSF) PCR for HSV.

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: We included 273 patients with a 
median Glasgow Coma Scale score of 9 (6–12) at ICU admission. CSF HSV 
PCR was negative in 11 cases (4%), exclusively in lumbar punctures (LPs) 
performed less than 4 days after symptoms onset. Patients with an initial neg-
ative PCR presented with more frequent focal neurologic signs (4/11 [36.4%] 
vs 35/256 [13.7%]; p = 0.04) and lower CSF leukocytosis (4 cells/mm3 [3–25 
cells/mm3] vs 52 cells/mm3 [12–160 cells/mm3]; p < 0.01). An initial negative 
PCR was associated with an increased delay between LP and acyclovir treatment 
(3 d [2–7 ] vs 0 d [0–0 d]; p < 0.01) and was independently associated with a 
poor neurologic outcome at hospital discharge (modified Rankin Scale score t 4) 
(adjusted odds ratio, 9.89; 95% CI, 1.18–82.78).

CONCLUSIONS: In severe herpes simplex encephalitis, initial negative CSF HSV 
PCR occurred in 4% of cases and was independently associated with worse neu-
rologic outcome at hospital discharge. In these patients, a systematic multimodal 
diagnostic approach including early brain MRI and EEG will help clinicians avoid 
delayed acyclovir initiation or early inappropriate discontinuation.

KEY WORDS: critical care; diagnosis; encephalitis; herpes simplex virus; 
polymerase chain reaction

Herpes simplex virus (HSV) is the most frequent cause of acute enceph-
alitis (1) and carries a high morbidity with 60% of all patients requiring 
intensive care (2). Despite acyclovir treatment, 70% of herpes simplex 

encephalitis (HSE) patients admitted to the ICU present moderate-to-severe 
disability at 90 days (i.e., a modi!ed Rankin Scale [mRS] score of 3–6) (3). 
Delay between disease onset and acyclovir treatment is associated with poor 
prognosis, and timely diagnosis and treatment of HSE are paramount (4). HSV 
Polymerase chain reaction (PCR) in the cerebrospinal "uid (CSF) is now the 
diagnostic gold standard, with sensitivities up to 98% (5, 6), but negative HSV 
PCR has been reported (7). #e frequency and clinical impact of an initial neg-
ative HSV PCR have never been investigated outside case reports or series (7).
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• Analyse rétrospective de 273 pts atteints de MEH âgés de 64,6 ans
• 11 pts (4%) avec 1ere PCR HSV négative sur LCS, tjrs dans les 4j de 

l’admission
• 43 pts (16,5%) ont une cellularité normale avec PCR positive
• PCR initiale négative associée à:

• plus de signes focaux,
• moins de leucocytes dans la PL (4/mm3 [3–25] vs 52 /mm3 [12–160]; p < 0.01)
• proteinorachie plus basse (0.5g/L [0.3– 0.6] vs 0.7 [0.5–1.2]; p = 0.02)
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OBJECTIVES: To describe the prevalence, associated factors, and clinical im-
pact of an initial negative herpes simplex virus (HSV) polymerase chain reaction 
(PCR) in critically ill patients with PCR-proven HSV encephalitis.

DESIGN: Retrospective multicenter study from 2007 to 2017.

SETTING: Forty-seven French ICUs.

PATIENTS: Critically ill patients admitted to the ICU with possible/probable 
acute encephalitis and a positive cerebrospinal fluid (CSF) PCR for HSV.
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MEASUREMENTS AND MAIN RESULTS: We included 273 patients with a 
median Glasgow Coma Scale score of 9 (6–12) at ICU admission. CSF HSV 
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PCR was associated with an increased delay between LP and acyclovir treatment 
(3 d [2–7 ] vs 0 d [0–0 d]; p < 0.01) and was independently associated with a 
poor neurologic outcome at hospital discharge (modified Rankin Scale score t 4) 
(adjusted odds ratio, 9.89; 95% CI, 1.18–82.78).

CONCLUSIONS: In severe herpes simplex encephalitis, initial negative CSF HSV 
PCR occurred in 4% of cases and was independently associated with worse neu-
rologic outcome at hospital discharge. In these patients, a systematic multimodal 
diagnostic approach including early brain MRI and EEG will help clinicians avoid 
delayed acyclovir initiation or early inappropriate discontinuation.
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1ere PCR +
(n=262)

1ere PCR -
(n=11)

p

Délai PL-Ttt 0 (0–0) 3 (2–7) < 0.01 

DS réanimation (survivants) 9 (4–21) 29 (14–62.5) 0.01 

DS hôpital (survivants) 33.5 (23–58) 65 (52.5–82) 0.04 

Pronostic défavorable (mRS > 4) sortie H 91 (34.7) 10 (90.9) < 0.01 

Pronostic défavorable (mRS > 4) à M3
80 (32.5) 8 (72.7) < 0.01 

Décès hôpital 36 (13.7) 3 (27.3) 0.21 



• 39 patients  de la cohorte hollandaise de 2357 pts (1,7% )
• Plus souvent immunodéprimés (49 vs 30%, p=0,02)
• Symptômes depuis moins de 24h chez 43% des malades
• Seuls 18% des patients ont la triade fièvre, raideur de nuque et 

attitude chien de fusil
• 12 patients ont un LCR strictement normal
• 55% ont au moins 1 critère de méningite bactérienne sur le LCS
• 65% d’évolution défavorable (décès 30%)
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s u m m a r y 
Objectives: We describe clinical characteristics and outcome of adults with bacterial meningitis present- 
ing with a normal CSF leukocyte count. 
Methods: We studied community-acquired bacterial meningitis with a normal CSF leukocyte count ( ≤ 5 
per mm 3 ) in adults from a prospective nationwide cohort study. 
Results: From 2006 through 2020, 39 of 2,357 (2%) episodes presented with a normal CSF leukocyte 
count. Immunocompromising conditions were present in 19 of 39 patients (49%), compared to 690 of 
2303 (30%) in patients with elevated leukocytes ( P = 0.02). The triad of fever, neck stiffness, and altered 
consciousness was present in 6 of 34 patients (18%). CSF protein was abnormal in 25 of 37 patients (68%). 
We identified 3 clinical subgroups: those with severe pneumococcal meningitis (20 patients [51%]), with 
mainly sepsis (8 [21%]), and a miscellaneous group (11 [28%]). All patients with severe pneumococcal 
meningitis presented with high CSF protein levels and 18 of 19 (95%) had bacteria in the CSF Gram stain. 
Outcome was unfavorable in 23 of 39 (59%) patients and 12 (31%) died. 
Conclusion: Patients with bacterial meningitis may present with normal CSF leukocyte counts. In these 
patients, CSF protein levels and Gram staining are important diagnostic parameters. 

© 2022 The Authors. Published by Elsevier Ltd on behalf of The British Infection Association. 
This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 

Introduction 
Community-acquired bacterial meningitis is associated with 

high mortality and morbidity rates despite effective vaccination 
strategies. ( 1-3 ) Early diagnosis and initiation of treatment with 
antibiotics and dexamethasone is crucial and European guidelines 
recommend initiation of treatment within one hour after arrival in 
the hospital. ( 4 , 5 ) Cerebrospinal fluid (CSF) findings play an im- 
portant role in the diagnosis of bacterial meningitis. CSF leukocyte 
counts have the highest diagnostic accuracy in discriminating be- 
tween bacterial meningitis and other diagnoses. ( 6 , 7 ) Neverthe- 
less, some patients with community-acquired bacterial meningitis 
present with normal CSF leukocyte counts. ( 6 , 8-10 ) Prior antibiotic 
treatment, very early diagnosis, and co-existing septic shock have 
been associated with low cerebrospinal fluid leukocyte counts. 

∗ Corresponding author at: Department of Neurology, Amsterdam Neuroscience, 
Amsterdam UMC, University of Amsterdam, PO Box 22660, 1100DD Amsterdam, the 
Netherlands. 

E-mail address: d.vandebeek@amsterdamumc.nl (D. van de Beek). 

( 6 , 9 , 11 ) Lower CSF leukocyte counts have also been associated 
with an adverse outcome. ( 12 ) We describe characteristics and 
outcome of patients with community-acquired bacterial meningi- 
tis from a prospective nationwide cohort study presenting with a 
CSF leukocyte count at the diagnostic lumbar puncture. 
METHODS 

We identified adults (defined as 16 years of age or older) who 
had bacterial meningitis and presented with a normal CSF leuko- 
cyte count ( ≤5 per mm 3 ) in the Netherlands between March 1, 
2006 and December 31, 2020, who were included in the prospec- 
tive nationwide MeninGene study. This study includes patients 
who are listed through bacteriological surveillance by the Nether- 
lands Reference Laboratory for Bacterial Meningitis (NRLBM). The 
NRLBM receives CSF and blood samples from roughly 85% of pa- 
tients with bacterial meningitis in the Netherlands (population 17.5 
million, data from CBS Statline). Methods of patient identification 
and inclusion of this cohort have been published previously in de- 
tail. ( 1 ) In short, the NRLBM provided daily updates of the hos- 
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Neurolistériose (n=252)

Age (années) 67 (16)

H/F 152/100 (60%/40%)

Nb de comorbidités 3 [1-4]

Au moins 1 co-morbidité 216/252 (86%)

GCS   Moyen
<14
<8

12 (3)
121/244 (50%)
24/244 (10%)

Admission en réanimation 152/252 (60%)

Choc Septique 5/252 (2%)

Ventilation mécanique 83/252 (33%)

Mortalité à M3 75/252 (30%)
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Clinical features and prognostic factors of listeriosis: 
the MONALISA national prospective cohort study
Caroline Charlier, Élodie Perrodeau, Alexandre Leclercq, Benoît Cazenave, Benoît Pilmis, Benoît Henry, Amanda Lopes, Mylène M Maury, 
Alexandra Moura, François Goffinet, Hélène Bracq Dieye, Pierre Thouvenot, Marie-Noëlle Ungeheuer, Mathieu Tourdjman, Véronique Goulet, 
Henriette de Valk, Olivier Lortholary, Philippe Ravaud, Marc Lecuit, on behalf of the MONALISA study group

Summary
Background Listeriosis is a severe foodborne infection and a notifiable disease in France. We did a nationwide prospective 
study to characterise its clinical features and prognostic factors.

Methods MONALISA was a national prospective observational cohort study. We enrolled eligible cases declared to the 
National Reference Center for Listeria (all microbiologically proven) between Nov 3, 2009, and July 31, 2013, in the 
context of mandatory reporting. The outcomes were analysis of clinical features, characterisation of Listeria isolates, and 
determination of predictors of 3-month mortality or persisting impairment using logistic regression. A hierarchical 
clustering on principal components was also done for neurological and bacteraemic cases. The study is registered at 
ClinicalTrials.gov, number NCT01520597.

Findings We enrolled 818 cases from 372 centres, including 107 maternal–neonatal infections, 427 cases of bacteraemia, 
and 252 cases of neurolisteriosis. Only five (5%) of 107 pregnant women had an uneventful outcome. 26 (24%) of 
107 mothers experienced fetal loss, but never after 29 weeks of gestation or beyond 2 days of admission to hospital. 
Neurolisteriosis presented as meningoencephalitis in 212 (84%) of 252 patients; brainstem involvement was only 
reported in 42 (17%) of 252 patients. 3-month mortality was higher for bacteraemia than neurolisteriosis (hazard ratio 
[HR] 0·54 [95% CI 0·41–0·69], p<0·0001). For both bacteraemia and neurolisteriosis, the strongest mortality predictors 
were ongoing cancer (odds ratio [OR] 5·19 [95% CI 3·01–8·95], p<0·0001), multi-organ failure (OR 7·98 [4·32–14·72], 
p<0·0001), aggravation of any pre-existing organ dysfunction (OR 4·35 [2·79–6·81], p<0·0001), and monocytopenia 
(OR 3·70 [1·82–7·49], p=0·0003). Neurolisteriosis mortality was higher in blood-culture positive patients (OR 3·67 
[1·60–8·40], p=0·002) or those receiving adjunctive dexamethasone (OR 4·58 [1·50–13·98], p=0·008).

Interpretation The severity of listeriosis is higher than reported elsewhere. We found evidence of a significantly reduced 
survival in patients with neurolisteriosis treated with adjunctive dexamethasone, and also determined the time window 
for fetal losses. MONALISA provides important new data to improve management and predict outcome in listeriosis.

Funding Programme Hospitalier Recherche Clinique, Institut Pasteur, Inserm, French Public Health Agency.

Introduction
Listeria monocytogenes causes listeriosis, a severe foodborne 
bacterial infection. L monocytogenes is the foodborne 
pathogen associated with the highest case-fatality rate in 
the western hemisphere, where its incidence is estimated 
at around three to six cases per 1 million population per 
year.1,2 Invasive listeriosis is classified in three forms: 
bacteraemia, neurolisteriosis, and maternal–neonatal 
infection; localised forms are also reported.3–5 Epi-
demiological studies have identified host risk factors for 
bacteraemia and neurolisteriosis, including older age, 
innate and cellular immune defects, malignancies, HIV 
infection, cirrhosis, diabetes mellitus, alcoholism, and 
immuno suppressive therapies.6 However, all clinical and 
most epidemiological studies have been retrospective and 
have compiled data from heterogeneous timeframes and 
geographical areas.3–10 Thus, a precise analysis of disease 
presentation based on homogeneous and prospectively 
acquired data is lacking. Furthermore, because listeriosis 
cases are relatively rare and scattered, no clinical trial has 
been done, and therapeutic guidelines are not evidence 

based. The prognosis for listeriosis has not improved over 
the past decades.3,7

Listeriosis has been a notifiable disease in France since 
1999, with mandatory notification of culture-confirmed 
cases and submission of isolates to the National Reference 
Center for Listeria (NRCL). A recent capture–recapture 
study estimated at 85–87% the exhaustiveness of the 
national surveillance system for the 2008–13 period, and 
since 2000, an average 98% of nationally reported cases 
have isolates submitted to the NRCL.11 Taking advantage of 
the quasi-exhaustiveness of this surveillance system, we 
implemented the prospective Multicentric Observational 
NAtional Study on LISteriosis and ListeriA (MONALISA), 
a nationwide cohort, to precisely characterise the clinical 
patterns and identify prognostic factors for invasive 
listeriosis.

Methods
Study design and patients
MONALISA is a national prospective observational cohort 
study. We enrolled eligible cases declared to the NRCL (all 
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Listeria: Facteurs favorisants
§ Cas sporadiques mais épidémies par 
contamination alimentaire possibles 
(charcuteries…).

§ Pas de terrain particulier: 14% des cas

§ Facteurs favorisants ou immunodépression: 86%

- Cancers, hémopathies malignes

- Corticoïdes au long cours

- Diabète

- Grossesse
Lecuit, LID 2017



Neurolistériose (n=252)

Raideur de nuque 67 (16)

Encéphalite 152/100 (60%/40%)

Convulsions 3 [1-4]

Aphasie 216/252 (86%)

Signe neurologique focalisé 159 (63%)

LCS Leucocytes
Ratio PN/cellules mononuclées
Protéinorachie
Glycorachie/Glycémie

457 (174-1117)
65 (39-82)

2.1 (1.4-3.2)
0.31 (0.22-0.51)

Examen direct positif 74/235 (32%)

Culture positive 197/235 (84%)

PCR positive 75/252 (30%)
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Summary
Background Listeriosis is a severe foodborne infection and a notifiable disease in France. We did a nationwide prospective 
study to characterise its clinical features and prognostic factors.

Methods MONALISA was a national prospective observational cohort study. We enrolled eligible cases declared to the 
National Reference Center for Listeria (all microbiologically proven) between Nov 3, 2009, and July 31, 2013, in the 
context of mandatory reporting. The outcomes were analysis of clinical features, characterisation of Listeria isolates, and 
determination of predictors of 3-month mortality or persisting impairment using logistic regression. A hierarchical 
clustering on principal components was also done for neurological and bacteraemic cases. The study is registered at 
ClinicalTrials.gov, number NCT01520597.

Findings We enrolled 818 cases from 372 centres, including 107 maternal–neonatal infections, 427 cases of bacteraemia, 
and 252 cases of neurolisteriosis. Only five (5%) of 107 pregnant women had an uneventful outcome. 26 (24%) of 
107 mothers experienced fetal loss, but never after 29 weeks of gestation or beyond 2 days of admission to hospital. 
Neurolisteriosis presented as meningoencephalitis in 212 (84%) of 252 patients; brainstem involvement was only 
reported in 42 (17%) of 252 patients. 3-month mortality was higher for bacteraemia than neurolisteriosis (hazard ratio 
[HR] 0·54 [95% CI 0·41–0·69], p<0·0001). For both bacteraemia and neurolisteriosis, the strongest mortality predictors 
were ongoing cancer (odds ratio [OR] 5·19 [95% CI 3·01–8·95], p<0·0001), multi-organ failure (OR 7·98 [4·32–14·72], 
p<0·0001), aggravation of any pre-existing organ dysfunction (OR 4·35 [2·79–6·81], p<0·0001), and monocytopenia 
(OR 3·70 [1·82–7·49], p=0·0003). Neurolisteriosis mortality was higher in blood-culture positive patients (OR 3·67 
[1·60–8·40], p=0·002) or those receiving adjunctive dexamethasone (OR 4·58 [1·50–13·98], p=0·008).

Interpretation The severity of listeriosis is higher than reported elsewhere. We found evidence of a significantly reduced 
survival in patients with neurolisteriosis treated with adjunctive dexamethasone, and also determined the time window 
for fetal losses. MONALISA provides important new data to improve management and predict outcome in listeriosis.
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Introduction
Listeria monocytogenes causes listeriosis, a severe foodborne 
bacterial infection. L monocytogenes is the foodborne 
pathogen associated with the highest case-fatality rate in 
the western hemisphere, where its incidence is estimated 
at around three to six cases per 1 million population per 
year.1,2 Invasive listeriosis is classified in three forms: 
bacteraemia, neurolisteriosis, and maternal–neonatal 
infection; localised forms are also reported.3–5 Epi-
demiological studies have identified host risk factors for 
bacteraemia and neurolisteriosis, including older age, 
innate and cellular immune defects, malignancies, HIV 
infection, cirrhosis, diabetes mellitus, alcoholism, and 
immuno suppressive therapies.6 However, all clinical and 
most epidemiological studies have been retrospective and 
have compiled data from heterogeneous timeframes and 
geographical areas.3–10 Thus, a precise analysis of disease 
presentation based on homogeneous and prospectively 
acquired data is lacking. Furthermore, because listeriosis 
cases are relatively rare and scattered, no clinical trial has 
been done, and therapeutic guidelines are not evidence 

based. The prognosis for listeriosis has not improved over 
the past decades.3,7

Listeriosis has been a notifiable disease in France since 
1999, with mandatory notification of culture-confirmed 
cases and submission of isolates to the National Reference 
Center for Listeria (NRCL). A recent capture–recapture 
study estimated at 85–87% the exhaustiveness of the 
national surveillance system for the 2008–13 period, and 
since 2000, an average 98% of nationally reported cases 
have isolates submitted to the NRCL.11 Taking advantage of 
the quasi-exhaustiveness of this surveillance system, we 
implemented the prospective Multicentric Observational 
NAtional Study on LISteriosis and ListeriA (MONALISA), 
a nationwide cohort, to precisely characterise the clinical 
patterns and identify prognostic factors for invasive 
listeriosis.

Methods
Study design and patients
MONALISA is a national prospective observational cohort 
study. We enrolled eligible cases declared to the NRCL (all 
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FDR Mortalité à M3 Neurolistériose (n=252) Odds ratio (95% CI) P value

Sexe féminin 2·68 (1·24–5·83) 0.013

Age (année) 1·35 (0·99–1·85) 0.058

Néoplasie active 4·58 (1·53–13·73) 0.007

Perte de poids récente 2·65 (1·08–6·55) 0.034

Défaillance multiviscérale 3·08 (1·25–7·58) 0.014

Aggravation défaillance pré-éxistante 2·75 (1·23–6·16) 0.014

Sd grippal 0·47 (0·20–1·12) 0.087

Ventilation mécanique 2·89 (1·31–6·37) 0.009

Monocytes < 200 cell/µL 3·57 (1·24–10·23) 0.018

Hémoculture positive 3·67 (1·60–8·40) 0.002

Proteinorachie 1·18 (0·99–1·41) 0.062

Ttt adjuvant DXM 4·58 (1·50–13·98) 0.008
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Take Home Messages

• Si TDM indiquée, attention au retard thérapeutique
• Dexamethasone améliore le pronostic des méningites a 

pneumocoque
• Dexamethasone aggrave le pronostic des méningites à listeria
• Savoir répéter une PL si suspicion clinique


