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10. Introduction

The latest consensus conference on the management of acute
community-acquired bacterial meningitis was held in 2008.
At that time a reduced incidence of Streptococcus pneumo-
niae strains with reduced susceptibility to penicillin was being
observed, the national antibiotic plan had been launched in 2002,
and the first 7-valent pneumococcal conjugate vaccine (Préve-
nar) had been commercialized in 2003. These 2008 guidelines no
longer recommended the use of vancomycin for the treatment
of suspected or microbiologically documented S. pneumoniae
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meningitis, and rather recommended using very high doses
of third-generation cephalosporins (3GC) and corticosteroids.
However, pediatricians wanted to keep using vancomycin for the
empirical treatment of this infection because of the substantial
serotype replacement observed with serotype 19A pneumococ-
cal strains (carrying resistance to beta-lactams). However, they
reconsidered their position in 2014 considering the strong impact
of the second-generation pneumococcal conjugate vaccine (13-
valent vaccine, Prévenar 13) and the substantial decrease in
serotype 19A carriage and invasive infections in infants and
young children.

Practice surveys performed as part of the French cohort study
of adult bacterial meningitis (COMBAT study) in 2014-2015,
revealed the high compliance of health professionals with these
guidelines, thus highlighting their applicability. The 2008 jury
board also recommended the close epidemiological surveillance
of the disease and of the antibiotic susceptibility of its causative
agents, as well as regular guidelines updates. With the help of
many experts, the organizing committee of the 2018 update of
the 2008 consensus conference began working on this matter.

As the 2008 guidelines were quite intelligible and consider-
ing that we just wanted to update them, we decided to take the
2008 guidelines as the basis of our work and to provide updated
answers to the questions asked to the jury board in 2008. We
performed a thorough literature analysis to compile these 2018
guidelines. They were then drafted by the organizing committee
and closely reviewed by an independent ad hoc committee. We
hope that the hard work of each partner has helped in providing
straightforward and precise guidelines.

11. Question 1 — What is the initial diagnostic
management of patients presenting with a suspicion of
bacterial meningitis?

11.1. When should meningitis diagnosis be considered?

Early identification of signs and symptoms indicative of
meningitis is essential to reduce the time between symptom
onset and treatment initiation for bacterial meningitis, which
is required to improve the prognosis.

11.1.1. Children

The clinical presentation depends on the child’s age. The
younger the child, the fewer and more atypical the clinical signs
and symptoms [1].

Questions asked to parents aim to identify the recent onset
of signs and symptoms. Some may be observed very early on:
digestive signs are common and often misleading (vomiting,
diarrhea); one third of infants present with behavioral disorders
(recent change in behavior, fearful child or inconsolable crying,
lower consciousness, difficulties in bottle feeding); focal or gen-
eralized seizures are observed in 20-30% of infants, sometimes
with status epilepticus [2]. Fever may not be observed in young
infants [3].

Meningococcal infections with progressive onset other than
purpura fulminans are observed. Such infections have been
reported by a British study, which provided the first accurate

chronological description of clinical outcome of pediatric
meningococcal infections before admission to hospital [4].
Fever was the first symptom in children aged below 5 years.
Irrespective of age, the first truly specific clinical signs were
signs of sepsis: abnormal skin coloration, cold extremities,
muscle pain in the legs. These early warning signs and symp-
toms require particular parental and medical attention as urgent
hospital admission is needed to adequately assess them. The
first clinical sign indicative of meningococcal infection was
often a non-specific skin rash. Within a few hours, petechiae
were observed followed by an extensive hemorrhagic rash
approximately 12hours after symptom onset. Median time
to onset of early meningitis typical signs (neck stiffness,
photophobia, and bulging fontanelle — anterior when still
open — [usually before 6 months of age]) was 12—15 hours.
Median time to onset of late signs (consciousness disorders,
seizures) was 15hours in infants aged below one year and
approximately 24 hours in older infants. Wide dissemination
of information aimed at raising the physicians’ and family’s
awareness on early signs of sepsis in children is recommended.

The most specific signs of severe bacterial infection should be
detected at the medical examination. The authors of a prospec-
tive study [2] of 3066 infants aged below 3 months presenting
with fever and managed at a community pediatrician office in the
United States, identified the most specific signs of severe sepsis
and pointed out three factors: the child’s general presentation
(change in skin color, deterioration of general status), behav-
ioral changes (responsiveness and interactivity disorders, loss
of smile), and fever >39.5 °C. The physician’s clinical judgment
was in this study the most decisive factor.

Hospital surveillance is recommended when one of these
signs is observed in infants aged below 3 months. A lumbar
puncture should be performed in infants aged below 3 months
if one of the following signs is observed:

e unusual behavior (plaintive crying, moaning, inconsolable
crying, hyporeactivity, irritability, pain, cutaneous hyperes-
thesia);

e tachycardia with normal blood pressure, time to skin recol-
oration > 3 seconds, cyanosis;

e neurological abnormalities (bulging fontanelle, neck hypoto-
nia, general hypotonia) — Kernig’s and Brudzinski’s signs
are usually not observed;

e seizures;

e purpura.

Typical clinical symptoms (vomiting, bulging fontanelle,
neck stiffness, photophobia, consciousness disorders) are most
common in infants aged between 3 months and 2 years, although
they can be absent. A lumbar puncture is required when seizures
are observed in feverish children aged below 6 months and
should be discussed in feverish children aged between 6 and 12
months. The authors of a retrospective and multicentric French
study of 205 patients who experienced initial febrile seizure,
reported that the risk of complications was very low between
6 and 11 months of age (no reported case, 95% CI: 0-2.2)
[5]. Besides, the authors of a meta-analysis reported the low
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incidence of bacterial meningitis in children presenting with
complex febrile seizure (0.6%; 95% CI: 0.2—-1.4) [6]. The ben-
efit of a systematic lumbar puncture to identify central nervous
system infections requiring urgent treatment in children present-
ing with initial febrile seizure is therefore low, as the number of
patients needed to treat (NNT) is 1109 in case of uncomplicated
initial febrile seizure and 180 in case of initial complex febrile
seizure.

Older children present with signs and symptoms more similar
to those observed in adults: fever, chills, vomiting, photophobia,
severe cephalgia. Several signs are associated with more specific
etiologies: purpura and joint disorders are indicative of Neisseria
meningitidis infection; otorrhea or otitis and a history of brain
injury are indicative of a breach in the meninges and of pneumo-
coccal infection. Signs and symptoms may first be observed on
an occasional basis with recurrent seizures in patients presenting
with fever, consciousness disorder, coma, and status epilepticus.

To sum up, in infants aged between 3 months and 2 years:

o the diagnostic strategy first relies on the identification of clin-
ical signs indicative of severe bacterial infection (septic signs,
behavioral disorders, fever), and then on the identification of
signs and symptoms requiring lumbar puncture (behavioral
disorders, hemodynamic disorders, neurological abnormali-
ties, purpura);

e indications for lumbar puncture should remain broad. A
lumbar puncture is mandatory in patients presenting with
typical signs and symptoms (vomiting, bulging fontanelle,
neck stiffness or hypotonia, photophobia, consciousness dis-
orders). A lumbar puncture is also mandatory when seizures
are observed in feverish children aged below 6 months, and
should be discussed in feverish children aged between 6 and
11 months.

11.1.2. Adults

The authors of a meta-analysis of articles published between
1966 and 1997 assessing clinical signs of meningitis and includ-
ing 733 patients (90% of bacterial meningitis cases), reported
46% sensitivity for the triad “fever, neck stiffness, and altered
state of consciousness (or cephalgia)”. However, 95% of patients
presented with at least two of these symptoms and 100% with
at least one. The meningitis diagnosis could therefore be ruled
out in patients who did not present with any of these three signs
[7]. Recent cohort studies of bacterial meningitis confirmed that
fever was observed in 77-97% of cases, cephalgia in 58—87%
of cases, neck stiffness in 65-83% of cases, and consciousness
disorders in 30-69% of cases. The triad of fever, consciousness
disorder, and neck stiffness was observed in 41-51% of cases
[8-12].

Several studies reported the poor sensitivity of Kernig’s and
Brudzinski’s signs and of neck stiffness [13,14]. A Japanese
study suggested a new clinical sign: jolt accentuation. The aim
is to identify exacerbation of cephalgia with rapid rotations of
the head in the horizontal axis (2 to 3 per second) [15]. Sensitiv-
ity of jolt accentuation is 97%, its specificity 60%, its positive
predictive value 81%, and its negative predictive value 92%. The

authors of a more recent study reported 82% specificity for this
sign, but lower sensitivity (21%) [14].

The largest prospective study conducted with adults
[12] included 696 episodes of community-acquired bacterial
meningitis (51% due to S. pneumoniae and 37% due to N. menin-
gitidis). The triad of “fever, neck stiffness, and altered state of
consciousness” was associated with 44% sensitivity. However,
95% of patients presented with at least two signs among cephal-
gia (87%), fever (77%), neck stiffness (83%), and altered state of
consciousness (Glasgow score < 14 in 69% of patients, includ-
ing coma in 14%). Focal neurological signs were observed in
33% of patients and seizures in 5% of patients. The usual triad
of symptoms was more commonly observed in patients present-
ing with pneumococcal meningitis than in those presenting with
meningococcal meningitis (58% versus 27%, P <0.001). Cuta-
neous signs, mainly purpura, were observed in 26% of episodes
(meningococcal meningitis: 95% of cases; otherwise pneumo-
coccal meningitis).

To sum up, in children aged over 2 years and in adults:

e meningitis is highly probable when patients present with
fever, neck stiffness, and either cephalgia or consciousness
disorders;

e meningitis is highly probable when patients present with fever
and purpura, even more so when cephalgia is also observed;

e meningitis should be considered in patients presenting with
fever and localized neurological signs or seizures;

e the meningitis diagnosis should always be kept in mind
in patients presenting with cephalgia and fever, without
consciousness disorder nor neck stiffness or neurological dis-
orders. When no other diagnosis is considered, a lumbar
puncture should be discussed especially when an inflamma-
tion indicative of bacterial infection is observed (elevated CRP
and/or procalcitonin levels);

e particular attention should be paid to patients with risk factors
for meningitis such as those with chronic excessive alco-
hol consumption, psychiatric disorders, and homeless people.
The meningitis diagnosis can be extremely difficult to estab-
lish in these patients on the sole basis of clinical presentation.

11.2. Which biological examinations should be performed
to determine the bacterial etiology?

The positive and etiological diagnosis of bacterial meningitis
relies on the microbiological examination of the cerebrospinal
fluid (CSF). Bacterial identification in culture media remains the
gold standard.

Clinical suspicion of bacterial meningitis requires a lumbar
puncture to be performed as soon as possible:

e to initiate the empirical antibiotic therapy as soon as the lum-
bar puncture is performed;

e to document the positive and bacteriological diagnosis of
meningitis, and to adjust the antibiotic therapy;

e to rule out differential diagnoses.
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Fig. 1. Management diagram for bacterial meningitis suspicions. 1/Presence of clinical signs potentially indicating intracranial expansion. 2/Presence of signs and
symptoms indicating brain herniation. 3/Persisting seizures (generalized motor seizures) preventing lumbar puncture. 4/Other contraindications to the lumbar puncture:
known hemostasis disorder, anticoagulant treatment at effective dosage, suspicion of major hemostasis disorder (severe bleedings), uncontrolled hemodynamic or

respiratory instability.
Logigramme de prise en charge des suspicions de méningites bactériennes.

The lumbar puncture should be performed within one hour
following admission to the emergency department, unless
contraindicated or provided an imaging test is required before-
hand.

When the lumbar puncture cannot be immediately performed,
an empirical antibiotic therapy should be initiated, dexametha-
sone should be administered, and at least two blood cultures
should be performed beforehand (Fig. 1).

11.2.1. Contraindications to the lumbar puncture
There are two types of contraindications:

e neurological contraindications: clinical suspicion of intracra-
nial expansion at neurological examination or neurological
state incompatible with lumbar puncture (see below, indica-
tions for imaging test before lumbar puncture);

e non-neurological contraindications:

o cutaneous infection localized to the lumbar puncture site,

o uncontrolled hemodynamic or respiratory disorder,

o known hemostasis disorders (hemophilia, other coagu-
lopathy, platelet count < 50,000/mm?); OR anticoagulant
treatment (effective doses of vitamin K antagonists;
unfractionated or fractionated heparin or direct oral anti-
coagulants, irrespective of the dose); OR spontaneous

bleedings indicative of disseminated intravascular coagu-
lation (DIC) [16] (Table 1).

An antiplatelet treatment does not contraindicate the lumbar
puncture [17,18].

Fig. 1 details the required management strategies when the
lumbar puncture is contraindicated.

The CSF should be collected into four sterile tubes for bio-
chemical, microbiological, and cytological analysis purposes
and for bacterial identification using molecular biology tech-
niques. The first tube should not be used for these analyses
to prevent any risk of contamination. The overall quantity of
CSF required is 2 to 5 ml in adults (40—-100 drops), ideally 2 ml
(approximately 40 drops) in children, and approximately 0.5 ml
(10 drops) for the molecular biology analysis. Bacterial detec-
tion and isolation depend on the volume used for analysis, but
also on compliance with transport conditions and time require-
ments. The tube for molecular biology should be kept in frozen
conditions (—20 °C or —80 °C) if transport to the laboratory is
delayed.

Clinical data should imperatively be passed on to the
bacteriologist. Results of the cytological and biochemical anal-
yses, Gram staining and, if relevant, antigen detection by
immunochromatographic assay should be communicated to the
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Table 1
Contraindications to an immediate lumbar puncture.
Contre-indications a une ponction lombaire immédiate.

Non-neurological contraindications

Neurological contraindications

(=clinical suspicion of intracranial expansion at neurological examination
or impossibility to perform lumbar puncture due to other neurological
abnormalities)

The lumbar puncture is contraindicated

In case of a cutaneous infection spreading to the lumbar puncture site

In case of uncontrolled hemodynamic or respiratory instability (the
lumbar puncture should be delayed until stabilization) or in case of known
hemostasis disorders (hemophilia, another coagulopathy, platelet
count < 50,000/mm?)

In case of anticoagulant treatment at an effective dosage, irrespective of
the agent (unfractionated or fractionated heparin, oral vitamin K
antagonists, or direct oral anticoagulants)

In case of spontaneous bleedings indicative of disseminated
intravascular coagulation (DIC)

An antiplatelet treatment does not contraindicate the lumbar puncture

Management strategy. At least one pair of blood cultures, corticosteroids,
and antibiotic therapy

Correction of abnormalities

Lumbar puncture if abnormalities have been corrected

1. Presence of clinical signs potentially indicating intracranial expansion
- Signs of localization:

Motor deficit: central facial palsy; oculomotor palsy; upper limb and/or
lower limb impairment

Hemi-body sensitive deficit

Homonymous hemianopsia (visual field testing using fingers or blink
reflex)

Cerebellar syndrome

Aphasia

- Focal AND recent seizures

2. Signs of brain herniation

Consciousness disorders

AND

One or more of the following signs: pupillary abnormalities (fixed
unilateral or bilateral mydriasis); dysautonomia (blood pressure and
bradycardia, respiratory rate abnormalities); cerebellar tonic seizures; no
reaction to stimuli; decortication or decerebration symptoms

3. Persisting seizures (generalized motor seizures) preventing lumbar
puncture

Emergency brain CT scan
Lumbar puncture as soon as possible if the CT scan results do not
contraindicate the lumbar puncture

patient’s medical team within the hour following lumbar punc-
ture.

11.2.2. Cytobacteriological examination of CSF

Normal CSFis crystal clear. Turbid CSF is due to hyperleuko-
cytosis. The detection threshold for turbid CSF is approximately
200 leukocytes/mm?>. CSF culture should be systematically per-
formed as soon as possible.

11.2.2.1. Cytological examination. The first step consists in
counting the number of leukocytes and red blood cells (RBC)
in CSF. Normal CSF is devoid of cells (<5 cells/mm?3). Bac-
teria may be detected during microscopic examination, in the
absence of cellular reaction, even though very rarely. This test
may only be performed with a minimum of 10 leukocytes/mm?.
In case of traumatic lumbar puncture, it is impossible to rely
on the cytological analysis. The meningitis diagnosis is unlikely
when the leukocytes/RBC ratio is < 1/700. In the absence of a
dedicated tube and if the total CSF volume is sufficient, 500 uL
(10 drops) should be stocked by the laboratory at —20 °C before
performing any test, for potential microbiological test using gene
amplification (PCR).

Turbid CSF usually indicates cellular reaction of at least
200 leukocytes/mm> with a predominance of more or less
altered neutrophils. Even after antibiotic administration,

bacterial meningitis is associated with a leukocyte
count > 1000 cells/mm? in 87% of patients and > 100 cells/mm?>
in 99% of patients. Patients presenting with viral meningitis
usually have < 100 cells/mm?.

There is a correlation between the number of neutrophils and
bacterial inoculum: 67% of CSF samples with high cellularity
have a bacterial inoculum > 10° CFU/ml (P <0.01) [19].

Generally speaking, the sole CSF cytological analysis is not
enough to confirm the viral or bacterial etiology of meningitis.
Results should be put into perspective with the other clinical,
biological (CSF and serum), and microbiological results. This
approach is complicated by the various clinical situations, espe-
cially when the lumbar puncture or antibiotic therapy has been
performed or initiated early on:

e the cytological analysis of CSF may be normal if the lum-
bar puncture is performed early on. A mixed count or even
lymphocytic predominance may be observed if the lumbar
puncture is performed very early on, especially in case of
N. meningitidis [20,21];

e viral meningitis is usually associated with lymphocytic
predominance. However, polymorphonuclear leukocyte pre-
dominance or a mixed count may be observed in case of
enteroviral meningitis when the lumbar puncture is performed
early on.
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11.2.2.2. Direct microbiological examination following Gram
staining. This is a simple and rapid examination. Its sensitivity
is improved when the CSF is concentrated using centrifugation.
Its sensitivity ranges from 60 to 97% for a specificity close to
100% in the absence of antibiotic therapy [22]. It depends on
the causative agent and on transportation time to the laboratory,
but also on the health professional’s experience in collecting
samples.

Its sensitivity rapidly drops to 40-60% — or even lower —
when antibiotics are initiated before lumbar puncture [23].
A minimum inoculum of 10° bacteria/ml is required to be
detected by Gram staining. Gram staining sensitivity is 25%
when the inoculum is < 103 bacteria/ml, 60% when the inoculum
is between 103 and 10* bacteria/ml, and 97% when the inoculum
is> 107 bacteria/ml [19]. Gram staining is always performed,
irrespective of the cytological and biochemical results.

The following is recommended:

e when the Gram staining direct examination is positive, an
antimicrobial susceptibility test should be performed to deter-
mine the minimum inhibitory concentrations (MIC) (Etest®
method) directly from the samples if the remaining volume
of CSF is sufficient and if the quantity of bacteria observed at
direct examination indicates sufficient inoculum;

e in case of S. pneumoniae suspicion, Etest assays should
be performed (MIC determination) at least for cefotaxime
or ceftriaxone. When the MIC of the tested cephalosporin
is>0.5 mg/1, the MIC of the second cephalosporin should be
subsequently determined.

11.2.2.3. Soluble antigen detection. The conventional latex
agglutination test should be distinguished from the more recent
immunochromatographic test.
11.2.2.3.1. Latex agglutination test.
tests are no longer recommended.
11.2.2.3.2. Immunochromatographic

Latex agglutination

test (BINAX Now
Streptococcus pneumoniae® test). 'This rapid (15 minutes) and
simple test detects the C-polysaccharide molecules present in the
wall of all S. pneumoniae strains, irrespective of the serotypes.
On the basis of studies including more than 2000 patients
(more than half being children), of whom 156 presented with
pneumococcal meningitis, the specificity of the immunochro-
matographic test was 100% and its sensitivity 95-99%. These
figures are higher than those of the latex agglutination test
[24-27]. However, cross-reactivity has been reported espe-
cially with Streptococcus mitis and Streptococcus oralis. The
immunochromatographic test has the advantage of not being
impacted by prior antibiotic therapy administration. This test
cannot be used to monitor the outcome of pneumococcal menin-
gitis because of the prolonged persistence of C-polysaccharide
in the CSF (for several weeks).

A CSF immunochromatographic test is recommended to
detect pneumococcal soluble antigens when the clinical signs
and symptoms are highly indicative of bacterial meningitis even
when the direct examination is negative.

11.2.3. Culture
A positive culture confirms the diagnosis, identifies the
causative agent, and determines its susceptibility to antibiotics.
This examination may be faulted because of:

e antibiotic intake before lumbar puncture performance;

e the conditions and time required for transporting the sample to
the laboratory, which may not be compatible with the survival
of particularly fragile bacteria;

e a very low bacterial inoculum.

Selected culture media should favor the growth of the most
frequently isolated bacteria in community-acquired meningitis,
irrespective of the associated requirements.

11.2.4. Assessment of antibiotic susceptibility

Following isolation of a bacterium from a pure culture, its
susceptibility to antibiotics may be assessed as per the guidelines
of the French microbiology society (French acronym CA-SFM)
[28].

For S. pneumoniae, the CA-SFM recommends the routine
use of the 1-pg oxacillin disk to detect reduced susceptibility to
beta-lactams [28]. Accurate determination of MICs is required
for amoxicillin and for one of the two 3GCs (cefotaxime or
ceftriaxone). The use of strips impregnated with a predefined
concentration gradient of antibiotics is recommended (Etest®).
In case of positive direct examination, MICs determined on the
first day from the CSF samples should be controlled in culture
media using a standardized inoculum. The Etest method may
be used for other bacterial species isolated from CSF (mainly
N. meningitidis), depending on laboratory practices.

Ceftriaxone MICs should be determined in case of reduced
susceptibility to cefotaxime, or cefotaxime MICs should be
determined in case of reduced susceptibility to ceftriaxone
because the MICs of both of these molecules are sometimes
different.

11.2.5. Bacterial detection using direct gene amplification

Tests targeting a specific bacterial or viral agent should be
distinguished from those aiming at detecting the presence of
any bacterial DNA (universal PCR) from a biological speci-
men.

Two amplification techniques have been developed and val-
idated for the main microorganisms responsible for meningitis
(multiplex PCR and real-time PCR). Several kits for simul-
taneously performing several multiplex PCR tests according
to a syndrome-based approach (infectious agents responsible
for bacterial and viral meningitis and meningoencephalitis)
are available or will be available in the years to come. Their
role in the diagnosis of bacterial meningitis will need to be
defined.

When bacterial meningitis is highly suspected and when the
direct examination is negative, physicians should perform the
following before culture result availability — whenever possi-
ble:
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e meningococcal PCR, pneumococcal PCR, and Listeria PCR
(when patients have risk factors for the latter infection);
e or universal PCR.

When the direct examination is positive and the culture is
negative at 24 hours, these PCR tests are also recommended.

When the suspicion of a bacterial etiology is low, a PCR test
is recommended in infants and children to detect an enterovirus
(Genexpert® test). Considering the high sensitivity (86—100%)
and specificity (92-100%) of this test, the high prevalence of
enteroviruses in pediatric acute meningitis, and the rapid time
to results (two hours), a positive enterovirus PCR test rules out
the need for a bacterial PCR and allows for discontinuing the
antibiotic therapy if initiated [28]. However, several epidemic
enteroviruses in infants such as parechoviruses, cannot be iden-
tified with this technique and a specific PCR test should be
performed.

Meningococcal blood PCR performed on EDTA and/or
skin biopsy of purpuric lesions in case of purpura fulminans
suspicion, allows for confirming the diagnosis when meningo-
coccemia is suspected. Blood PCR is, however, useless when
performed more than 24 hours after treatment initiation.

11.2.6. Other bacteriological examinations

11.2.6.1. Blood cultures. At least one pair of blood culture
bottles should be inoculated. A second blood culture may be
performed in adults just before initiating the antibiotic therapy.
Blood cultures are positive in 50-75% of cases even when the
CSF culture is negative. An association between CSF bacterial
load and blood inoculum has been demonstrated. Several experts
suggest collecting two pairs of blood culture bottles at the same
time, but this has not been assessed in bacterial meningitis.

11.2.6.2. Skin biopsy. Patients presenting with purpura skin
lesions should have a skin biopsy performed, even more so when
the antibiotic therapy has already been initiated or when the CSF
direct examination is negative or has not been performed. The
causative agent may be isolated from culture of this type of
sample in 60 to 80% of cases (most frequently N. meningitidis).
N. meningitidis persists in skin lesions for at least 24 hours after
antibiotic therapy initiation [29].

11.2.7. Biochemical examinations
11.2.7.1. In CSF.

11.2.7.1.1. CSF glucose levels. CSF glucose levels should
be interpreted according to blood glucose levels, which samples
should be taken at the same time. Normal CSF glucose levels
are usually two thirds (66%) of those of blood glucose. CSF
glucose levels of patients presenting with bacterial meningitis
are <40% of those of blood glucose (sensitivity 80%, specificity
98% [30]).

11.2.7.1.2. CSF protein level. High CSF protein levels are
significantly associated with bacterial meningitis. The CSF pro-
tein level threshold associated with bacterial meningitis ranges
from 0.5 to 1.2 g/1.

11.2.7.1.3. CSF lactate levels. The 2008 consensus confer-
ence recommended routine measurement of CSF lactate levels

for differentiating bacterial from viral meningitis using the
3.5 mmol/l threshold; CSF lactate levels above that threshold
are indicative of bacterial meningitis in adults.

Since 2008, two meta-analyses of 25 and 33 studies have
been published on that topic in 2010 and 2011, respectively (22
studies similar to both meta-analyses) [31,32]. They demon-
strated the excellent diagnostic performance of this biochemical
marker, with a threshold ranging from 3.7 to 4 mmol/l to distin-
guish bacterial from viral meningitis. Two recent studies [33,34],
including one of meningitis episodes with negative CSF direct
examination [34], confirmed the excellent diagnostic perfor-
mance of lactate level measurement in CSF with 3.8 mmol/l
as the best discriminatory value (sensitivity 0.94, NPP (.99,
and AUCROC 1 for the diagnosis of bacterial meningitis in De
Viallon et al.’s study) [34]. The lowest CSF lactate level for
bacterial meningitis was 3.2 mmol/l and the highest CSF lactate
level for viral meningitis was 3.7 mmol/l [34]. Lactate levels
should always be interpreted alongside the CSF cytological and
biochemical results. Lactate level measurement is only useful
when the direct examination is negative and when the other CSF
parameters do not point to a bacterial origin.

11.2.7.2. In blood.

11.2.7.2.1. Procalcitonin (PCT). In 2008 the jury recom-
mended performing serum measurement of PCT levels to help
diagnose bacterial meningitis, using 0.5 ng/ml as the discrimi-
natory value.

Several studies [35-37] and one meta-analysis of nine stud-
ies (725 patients) [38] have since confirmed the effectiveness
of this marker in discriminating bacterial and viral meningitis,
with thresholds ranging between 0.5 and 1 ng/ml. The diagnos-
tic effectiveness of serum PCT level measurement seems to be
even better with the new version of the BRAHMS/Thermofisher
diagnostic kit (Kryptor®), and the discriminatory value is lower
(close to 0.25 ng/ml) [34]. PCT level measurement is only use-
ful when the direct examination is negative and when the other
CSF parameters do not indicate a bacterial origin. When sepsis
is observed in infants, PCT levels may be normal the first six
hours; thus, the bacterial origin cannot be officially ruled out at
that stage.

11.2.8. Combining parameters: decision algorithms

Eight clinical decision algorithms aiming at differentiating
bacterial from viral meningitis have been suggested [24,39-45].
Among those validated by independent evaluations, physicians
are advised to use one of the following three:

e Hoen’s algorithm [43] combines the number of blood leuko-
cytes, blood glucose levels, CSF protein levels, and the
number of neutrophils in CSF in adults and children;

e the Bacterial Meningitis Score (BMS) is based on the presence
of seizures, the number of blood neutrophils (> 10,000/mm3),
CSF protein levels (> 0.8 g/l), the number of neutrophils in
CSF (= 1000/mm3), and on a positive direct examination
using CSF Gram staining [46] in children;
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e the Meningitest®, an improved version of BMS, is based
on the presence of purpura, severe presentation in children
(irritability, lethargy, prolonged time to skin recoloration),
seizures, positive direct examination using CSF Gram stain-
ing, CSF protein levels > 0.5 g/l, or PCT levels > 0.5 ng/ml
[42] in children.

No new decision algorithm has since been published.

The effectiveness of the BMS in children has been confirmed
by a meta-analysis of eight studies including 4896 children [47],
and more recently by a retrospective study of 494 children pre-
senting with acute meningitis in Brazil [48]. The BMS and the
Meningitest® have been reassessed in a European prospective
and multicentric study of 198 children presenting with acute
meningitis. They were both associated with 100% sensitivity
and 100% negative predictive value; the specificity of the BMS
was better than that of the Meningitest® [49].

11.3. Which patients should undergo a CT scan before
lumbar puncture?

In France and in other countries, brain imaging test— usually
a CT-scan — is too often performed before lumbar puncture
when confronted with meningitis suspicion [50].

Arguments for our recommendations are as follows:

e alumbar puncture is essential for diagnosing meningitis, iden-
tifying the bacterium, and assessing its susceptibility;

e the prognosis of bacterial meningitis depends on the rapidity
of antibiotic therapy initiation;

e the CSF culture rapidly becomes negative when the antibi-
otic therapy is initiated, especially in case of meningococcal
meningitis. Empirical antibiotic therapy initiation followed
by CT scan and lumbar puncture may lead to a negative CSF
culture because of the additional time required to perform the
CT scan;

o the theoretical risk of lumbar puncture is brain herniation;

e brain herniation results from pressure disorders due to CSF
discharge impairment and cerebral lesions (mass effect).
Intracranial hypertension, commonly observed in severe
meningitis, is not a contraindication to lumbar puncture per
se.

An observational study demonstrated that a shorter time to
lumbar puncture — by reducing the number of indications for
imaging tests performed beforehand and by removing the “con-
sciousness disorder” contraindication (only in the absence of
brain herniation signs) — was associated with a substantial
improvement in case fatality and sequelae rates, as compared
with a historical cohort. This improvement was due to the
increased number of patients receiving an antibiotic therapy
within the first hour [51].

Removing consciousness disorders, recent seizures, and
immunodeficiency (even severe) from the list of scenarios
requiring brain CT scan to be performed before the lumbar
puncture (besides those associated with brain herniation signs)

led to performing the lumbar puncture earlier on and to better
prognosis (case fatality and severity of sequelae) [52].

Recent and current international guidelines (ESCMID,
EEFNS, SPILF, IDSA, UKIJSS) include “immunodeficiency, his-
tory of neurological disease, recent seizure, papillary edema,
consciousness disorders, focal neurological deficit” as indica-
tions for CT scan before the lumbar puncture [30,53-56]. Several
studies demonstrated that these recommendations were associ-
ated with a longer time to antibiotic therapy initiation in patients
presenting with bacterial meningitis [50,57,58]. This increased
time to antibiotic therapy initiation is due to a more frequent
use of imaging tests before lumbar puncture. More than half
of these imaging tests are not justified by contraindications.
The contribution and compliance with indications for imaging
tests before lumbar puncture recommended by the IDSA [30] in
case of community-acquired bacterial meningitis suspicion were
assessed in eight hospitals of Houston (Texas, United States) and
its region between 2005 and 2010 [59]. A total of 614 cases of
meningitis were included in this assessment. Imaging tests were
performed in 549/614 cases (89%). They were not recommended
in two-thirds of cases and only led to identifying two cases of
minor abnormalities in this population. An imaging test was
indicated in 193 cases and revealed major abnormalities requir-
ing a change in clinical management in only 15 cases. Indication
was based on isolated consciousness disorders in 17% of cases
(5.8% overall). Two-thirds of the 119 patients presenting with
consciousness disorders had a second contraindication to lum-
bar puncture. Median times to lumbar puncture observed in this
study were respectively 5.5 hours and 8.25 hours in patients who
did not undergo or who underwent an imaging test before the
lumbar puncture. This is not compatible with adequate mana-
gement of bacterial meningitis, which only accounted for 46 of
614 cases (7.4%).

The 2009 Swedish guidelines [50] removed the three criteria
that were not supported by a sufficient level of scientific evidence
(consciousness disorders except in the presence of brain hernia-
tion signs, recent seizures, and immunodeficiency) and assessed
the impact of this removal using a national register [51,60]. The
retrospective comparison of two periods (2005-2009 [former
guidelines] and 2010-2012 [new guidelines]) using groups of
more than 300 patients each, highlighted the substantial reduc-
tion in time to antibiotic therapy initiation (by 1.12 hours on
the whole cohort, and by 1.6 hours in case of immediate lumbar
puncture), the increased number of patients treated within one
hour and within two hours following hospital admission, and the
decreased case fatality (38% vs 49%) and sequelae rates (6.9%
vs 11.7%) [51,60].

A recent North American study assessing the IDSA guide-
lines reported a median time to antibiotic therapy initiation of
8.25 hours in patients who underwent a CT scan before lum-
bar puncture. This study also confirmed that the likelihood of
a significant brain tumor was very low in patients presenting
with signs of acute meningitis who only had consciousness
disorders as potential contraindications to the lumbar puncture
[59].

However, some factors may lead physicians to consider
the likelihood of brain herniation such as the following
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contraindications to lumbar puncture without prior brain imag-
ing: sus- and infratentorial focal neurological signs (with or
without consciousness disorders or even direct signs of brain
herniation) are absolute contraindications to the lumbar punc-
ture; however, in case of brain herniation signs, normal imaging
results do not allow the lumbar puncture to be performed.

However, the risks of brain herniation following lumbar punc-
ture are very low even when performed in the presence of
intracranial lesions with a mass effect. The authors of a study
of 94 brain abscesses [61] reported that 55 patients (59%) had
a lumbar puncture performed while — besides the abscess —
mass effect had been observed at CT scan in 65% of them.
Only one of these patients died from brain herniation within
six hours following the lumbar puncture, but the authors could
not establish the causative role of the lumbar puncture in the
patient’s death. This figure is similar to those reported in brain
abscesses. Recent seizures may be manifestations of intracra-
nial expansion; the lumbar puncture is in that case dangerous. A
Dutch study of adult patients presenting with bacterial menin-
gitis reported that 5% of the 666 patients experienced one or
more seizures before hospital admission. Seventy per cent of
these patients had a brain imaging performed before lumbar
puncture, with focal lesions observed in 32% of them [62]. Post-
critical state may hide neurological abnormalities indicative of
focal neurological lesions because of the associated hypotonia
and confusion. The neurological examination is not contribu-
tory in case of status epilepticus and is a cause of intracranial
hypertension. Children aged below 5 years often present with
generalized seizures in case of fever, irrespective of the ori-
gin. They are therefore not considered contraindications to the
lumbar puncture, except for unilateral seizures, which should
be considered a sign of localization. Consciousness disorders
associated with brain herniation (pupillary abnormalities [fixed
unilateral or bilateral mydriasis], dysautonomia [blood pressure
and bradycardia, respiratory rate abnormalities], cerebellar tonic
seizures, no reaction to stimuli, decortication or decerebration
symptoms) are absolute contraindications to lumbar puncture
without prior imaging test.

11.3.1. Recommendations

When bacterial meningitis is suspected, brain imaging should
be performed BEFORE lumbar puncture in the following
situations only (neurological contraindications to the lumbar
puncture):

e presence of clinical signs potentially indicating intracranial
expansion:
o signs of localization (Table 1),
o focal AND recent seizures (<4 days);
e signs of brain herniation: consciousness disorders AND one
or more of the following signs:
o pupillary abnormalities (fixed unilateral or bilateral mydri-
asis),
o dysautonomia (blood pressure and bradycardia, respiratory
rate abnormalities),
o cerebellar tonic seizures,

o no reaction to stimuli,
o decortication or decerebration symptoms;

e persisting seizures (i.e., generalized motor seizures) prevent-
ing lumbar puncture.

Isolated consciousness disorders are not considered con-
traindications to an immediate lumbar puncture.

12. Question 2 — What is the initial antibiotic therapy
for patients presenting with a suspicion of bacterial
meningitis?

12.1. Should the antibiotic therapy be urgently prescribed
to patients presenting with a suspicion of bacterial
meningitis?

The antibiotic therapy should be urgently initiated in patients
presenting with bacterial meningitis. The immediate and mid-
term prognoses depend on how early the antibiotic therapy is
initiated [63]. However, defining the optimal time to initiation is
difficult because of the observational nature of available studies.

Several studies demonstrated the statistically significant asso-
ciation between time to antibiotic administration and bacterial
meningitis prognosis in adults. Proulx et al. studied prognostic
factors in 123 patients [64]. The median time between arrival
at the emergency department and antibiotic therapy initiation
was 3.8hours (IQR 1.4-6.1hours). The multivariate analy-
sis revealed that more than 6hours between admission and
administration of the first dose of antibiotics were significan-
tly associated with a higher rate of deaths, with an adjusted
odds ratio (OR) of 8.4 (95% CI 1.6-40.9, P<0.01). Auburtin
et al. assessed risk factors for poor prognosis in 156 adult
patients presenting with S. pneumoniae meningitis hospitalized
in the intensive care unit (ICU) [65]. Median time between clin-
ical sign onset and antibiotic therapy initiation was 15 hours
(IQR 7-36hours), while the median time between hospital
admission and antibiotic therapy initiation was 3 hours (IQR
1-6 hours). The multivariate analysis revealed that more than
3 hours between admission and administration of the first dose
of antibiotics were significantly associated with a risk of death
at 3 months, with an adjusted OR of 14.12 (95% CI 3.93-50.9,
P <10*) and with an increased risk of neurological sequelae
in surviving patients [30]. Another study assessed the impact
of a delayed antibiotic therapy initiation in 176 patients aged
above 16 years and hospitalized for bacterial meningitis, includ-
ing 40% caused by S. pneumoniae. Although the time between
admission and antibiotic therapy initiation was short (median
of 1hour, mean of 1.2 4+ 0.9 hours) and was not considered a
risk factor for poor prognosis, the multivariate analysis revealed
that a time interval > 24 hours between symptom onset and treat-
ment initiation was associated with a higher risk of poor outcome
(OR 2.8;95% CI 1.13-7, P=0.026) [66]. A prospective cohort
study conducted in the Czech Republic between 1996 and 2006
included 279 adult patients to assess predictive factors of mor-
tality and sequelae. Pneumococcal (29%) and meningococcal
(27%) meningitis cases were the most frequent. This study
focused on time to antibiotic therapy initiation after symptom
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onset and not after hospital admission as usually done in most
studies. The multivariate analysis revealed that time to antibi-
otic therapy initiation >48 hours following symptom onset was
independently associated with poor outcome, defined by a score
between 1 and 4 on the Glasgow outcome scale (sequelae or
death) (OR: 2.468; 95% CI: 1.036-5.882, P=0.041) [67]. The
authors of a retrospective study assessed case fatality in the
ICU according to four time periods between admission and
administration of the first dose of antibiotics. The case fatal-
ity was 8% between 0 and 2 hours, 17% between 2 and 4 hours,
22% between 4 and 6 hours, and 25% between 6 and 12 hours.
However, the multivariate analysis revealed that time to admin-
istration below 2hours was not significantly associated with
reduced case fatality (OR: 0.3, 95% CI 0.0-1.6, P=0.155) [68].
A study published in 2016 including 173 adult patients present-
ing with bacterial meningitis in Denmark (poor outcome: 45%,
case fatality: 19%) reported similar results. The median time
between admission and antibiotic therapy initiation reported in
this retrospective study was 2 hours (IQR: 1.0-5.5). The adjusted
risk ratio for poor outcome (death or sequelae) was 1.5 (95% CI
1.0-2.2) when the antibiotic therapy was administered more than
6 hours after admission versus within two hours of admission.
It was 1.1 (95% CI 0.8—1.5) for each additional hour of delay
[69].

The most convincing recent study was published by a
Swedish team who assessed the impact of the modifications of
the 2009 national guidelines. The main change was the removal
of consciousness disorders and recent seizures from the list of
contraindications to lumbar puncture without prior brain CT
scan [51]. Using the data from the national Swedish register, the
authors retrospectively compared two periods: one before the
introduction of modifications (2005-2009) and the other after
(2010-2012). A total of 712 files were analyzed. The num-
ber of files analyzed during the two periods were comparable
(394 and 318 patients, respectively) and S. pneumoniae was the
causative agent in half of cases. Approximately three-quarters of
patients had received high doses of corticosteroids. Among all
patients for whom the data was available, 31.5% had received an
appropriate antibiotic therapy within the hour following hospital
admission and 51.2% within two hours. Mean time to antibiotic
therapy administration was on average shorter by 1.18 hours
during the second period (95% CI 0.46—1.90 hours, P <0.01).
After adjustment based on age, sex, consciousness disorders, use
of corticosteroids, and antibiotic choice, odds ratios for antibi-
otic administration within one or two hours following admission
were respectively 1.82 (95% CI 1.15-2.89, P <0.05) and 2.07
(95% CI 1.34-3.20, P<0.01) during the second period. The
authors also reported a decreased case fatality between both
periods, from 11.7% to 6.9% (P <0.05), but the difference was
not statistically significant after adjustment based on the above-
mentioned criteria. The risk of neurological or hearing sequelae
was lower during the second period, including after adjustment.
One of the key findings of this study was that time to treat-
ment administration was significantly associated with the risk
of death, with a relative increase of 12.6% (95% CI 3.1-23.1%,
P <0.01) per delayed hour of administration of the first dose of
antibiotics.

Recommendations: The antibiotic therapy (and the admin-
istration of dexamethasone when indicated) should ideally be
initiated within the hour following hospital admission, irrespec-
tive of the presumed time since meningitis onset. Any delay in
antibiotic therapy initiation is associated with a poorer progno-
sis.

12.2. Which patients should receive an antibiotic therapy
before lumbar puncture?

The lumbar puncture is essential to establish the diagno-
sis. An empirical antibiotic therapy should be initiated in all
situations requiring lumbar puncture delay because of the close
association between prognosis and rapid time to treatment initi-
ation. Additional investigations should not delay the antibiotic
therapy initiation [30,70]. Antibiotic administration before lum-
bar puncture is associated with a risk of negative CSF culture
and should therefore only be considered when the minimum rea-
sonable delay cannot be respected or in case of lumbar puncture
contraindications. The need for blood cultures before hospital
administration of antibiotics should be emphasized.

Recommendations: The antibiotic therapy should be initiated
before lumbar puncture (but after blood culture) in the three
following situations:

e purpura fulminans;

e patients who cannot be admitted to hospital within 90 minutes
[54];

e contraindication to the immediate lumbar puncture (Question

D).

The lumbar puncture should be performed as soon as possi-
ble following correction of abnormalities — whenever possible.
Several experts do not recommend performing the lumbar punc-
ture in patients presenting with purpura fulminans, even when
abnormalities have been corrected.

12.3. Which antibiotic therapy should be prescribed to
patients presenting with a suspicion of bacterial meningitis?

Community-acquired bacterial meningitis is associated with
a high morbidity and case fatality [3,71-73]. Bacterial menin-
gitis case fatality is highly reduced if the antibiotic therapy is
initially adapted to the causative agent in terms of in vitro sus-
ceptibility [74-84], and sequelae are less common when CSF
sterilization is rapidly obtained [85,86]. The first-line antibiotic
therapy choice depends on epidemiological data (prevalence of
bacterial species and susceptibility profiles) and on the pharma-
cokinetic and pharmacodynamic parameters of antibiotics. The
following rationale aims to:

e update the recommendations adopted in 2008 [87] on antibi-
otic therapy during the first hours of meningitis management;

e and to suggest “alternatives” for patients presenting with a
history of severe allergy to antibiotics and/or rare or very rare
bacterial resistance.
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12.3.1. Epidemiological data

The epidemiological changes described here are based on the
Epibac network data [88], the mandatory report of meningococ-
cal or Listeria monocytogenes meningitis, the national reference
centers (pneumococci, Haemophilus influenzae, meningococci,
Listeria, streptococci), and for children on data from the Obser-
vatory for Pediatric Bacterial Meningitis (French acronym
GPIP/ACTIV) [89]. Epibac is a network of voluntary microbi-
ological hospital laboratories coordinated by the French public
health agency (Santé publique France) since 1997, which aims to
collect data of bacterial meningitis caused by the six most com-
mon causative agents of severe community-acquired bacterial
infections: H. influenzae, N. meningitidis, S. pneumoniae, group
A and B streptococci, and L. monocytogenes. The incidence of
bacterial meningitis in metropolitan France is measured taking
into account the Epibac network coverage and 78% exhaustive-
ness for data collection by participating hospitals — for the
most recent available data. Meningitis cases only diagnosed by
PCR are excluded from the analysis; they account for more than
30% of reported meningococcal meningitis cases but for less
than 5% of meningitis cases caused by other microorganisms
[88].

The epidemiological changes should be compared with the
update of vaccination recommendations implemented in 2008
[90,91].

e Group C meningococcal vaccination has been recommended
since 2010 in France in all newborns aged 12 to 24 months,
with a catch-up vaccination for children and young adults
aged below 25 years [90]. The most recent vaccination cov-
erage data (source: sample of individuals benefitting from
social security in the general population — French acronym
EGB) highlights the failure of this strategy [92]. The vaccina-
tion coverage among newborns aged 12 to 24 months slowly
increased between 2011 and 2015 (from 48% to 70%), but it
did notreally increase among older age groups (targeted by the
vaccination strategy) and is still insufficient. The vaccination
coverage for the age group 10—14 years was just slightly above
30% in 2015 and lower rates were reported for the 15-19-year
(23%) and 20-25-year (7%) age groups. However, this tem-
porary extension of vaccination (catch-up vaccine) to other
age groups (2 to 24 years) is essential to reach herd immu-
nity. Considering the insufficient vaccination coverage among
adolescents and young adults, one cannot rely on herd immu-
nity to indirectly protect infants aged below one year who are
not included in the 2010 vaccination strategy [93]. Primary
vaccination with NEISVAC is therefore recommended since
2016 in France at 5 months, with a booster at 12 months [94].
The serogroup B meningococcal recombinant vaccine (Euro-
pean marketing authorization in 2013), currently used in the
United Kingdom, is not recommended in France yet except in
some hyperendemic areas when cluster of cases are observed
and for some at risk patients [95].

e In June 2010 the 7-valent pneumococcal conjugate vaccine
(PCV7, serotypes 4,6B,9V, 14, 18 C, 19F, and 23F) has been
replaced by the 13-valent pneumococcal conjugate vaccine

(PCV13,PCV7 serotypes + serotypes 1, 3,5,6A, 7F, and 19A)
for children aged below 2 years [90]. Since April 2013 vacci-
nation with PCV13 followed by the 23-valent polysaccharid
pneumococcal vaccine is recommended in older children and
adults at higher risk of pneumococcal invasive infection [91].
High vaccination coverage with PCV13 is currently observed
among children aged below 2 years (>90% since 2010).

Although vaccination coverage for group C meningococcal
infections is still too low to induce the required herd immu-
nity, these new recommendations — especially those relating to
pneumococcal vaccination — led to substantial changes in the
epidemiology of bacterial meningitis [93].

12.3.2. Pediatric meningitis (excluding neonatal
meningitis)

Since the last 2008 consensus conference, the introduction of
new vaccination recommendations against the causative agents
of meningitis has led to a substantial change in their epidemiol-
ogy [90,96]. The latest data published by GPIP/ACTIV indicates
that group B Streptococcus is the leading cause of meningi-
tis (57.2%) in infants aged below 2 months, while the leading
cause is S. pneumoniae in infants aged between 2 and 12 months
(44%). N. meningitidis and S. pneumoniae respectively account
for half and a third of meningitis cases in infants aged above 1
year. The case fatality of pediatric bacterial meningitis remains
stable at approximately 7% with variations depending on the
pathogen and age, with a higher case fatality in infants aged
below 2 months (11%) (Table 2).

12.3.2.1. S. pneumoniae. A reduced incidence of pneumococ-
cal meningitis and of all pneumococcal invasive infections is
being observed in France and abroad [97—-100]. The incidence
of pneumococcal meningitis has indeed significantly decreased
in France between 2009 and 2014 in all age groups (Table 3) and
especially among children aged <2 years (66% decrease) [88].

12.3.2.2. N. meningitidis. The 2015 incidence of meningo-
coccal invasive infections was 8.5/100,000 (64 cases) among
newborns aged < 1 year. It ranged from 3 to 1/100,000 among
children aged between 1 and 4 years (64 cases) and was approxi-
mately 0.9/100,000 among children aged between 5 and 14 years
(50 cases). Serogroup B is predominant in all age groups and
accounts for more than 60% of pediatric cases. The proportion of
serogroup C ranges from 22% among newborns aged < 1 year to
36% among children between 5 and 14 years of age. Serogroup
Y accounts for < 10% of cases among children and serogroup W
remains rare (<5%) [88,101]. The report rate of meningococ-
cal invasive infections continued to decrease between 2005 and
2015 among newborns aged < 1 year. The increased report rates
of meningococcal invasive infections observed between 2010
and 2014 among newborns aged < 1 year and among children
aged 1-4 years were no longer observed in 2015. The inci-
dence of serogroups Y and W meningococcal invasive infections
increased in all age groups, except among the 5—14-year age
group (Fig. 2).
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Table 2

B. Hoen et al. / Médecine et maladies infectieuses xxx (2019) xxx—xxx

Distribution of meningitis cases by age group and bacterial etiology, data collected by the GPIP/ACTIV Observatory from 2010 to 2014.
Répartition des méningites par groupe d’dge et par étiologie bactérienne, données cumulées de I’Observatoire GPIP/ACTIV, de 2010 a 2014.

Bacterial species <2 months 2-11 months 12-23 months 24-59 months 5-17 years Total Case
n=173 n=498 n=147 n=201 n=337 n=1356 fatality
(12.8%) (36.7%) (10.8%) (14.8%) (24.9%)

N. meningitidis 14 (8.1) 158 (31.7) 77 (52.4) 100 (49.8) 163 (48.4) 512 (37.8) 2.7
Group B 12 (6.9) 120 (24.1) 57 (38.8) 77 (38.3) 110 (32.6) 376 (27.7) 24
Group C 2(1.2) 22 (4.4) 12(9.2) 9 (4.5) 33(9.8) 78 (5.8) 1.3
Group Y 0 6(1.2) 1(0.7) 3(1.5) 6(1.8) 16 (1.2) 6.3

S. pneumoniae 16 (9.3) 219 (44.0) 48 (32.7) 74 (36.8) 126 (37.4) 483 (35.6) 9.3

Streptococcus agalactiae 99 (57.2) 55 (11) 1(0.7) 0 2(0.6) 157 (11.6) 9.6

H. influenzae type b 0 19 (3.8) 14 (9.5) 8(4) 9(2.7) 50 (3.7) 4

E. coli 29 (16.8) 28 (5.6) 0 0 1(0.3) 58 (4.3) 8.9

Streptococcus pyogenes 1(0.6) 1(0.2) 2(1.4) 3(1.5) 9.7 16 (1.2) 12.5

L. monocytogenes 0 2(04) 0 2@ 1(0.3) 5(0.4) 0

Mycobacterium tuberculosis 0 1(0.2) 1(0.7) 5(.5) 5(1.5) 12 (0.9) 16.7

Other 14 (8.1) 15(3) 427 9(4.5) 21(6.2) 63 (4.6) 6.3

Case fatality 11.6 7.2 7.5 3 4.8 6.6

Table 3 <1 year
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12.3.2.3. Other bacteria currently responsible for pediatric £ - .

meningitis. The end of the mandatory BCG vaccination did = = - \ PN .

not lead to an increase in tuberculous meningitis cases, which Y I — S S —

account for 0.9% of pediatric meningitis cases (Table 2) 3 , — T

[102,103]. Group B streptococcus is responsible for slightly g e W —

more than 10% of pediatric meningitis cases (excluding new- R e

borns) and the EPIBAC data reported 16 patients aged between
2 and 11 months in 2014 [88]. H. influenzae meningitis accounts
for 3.7% of pediatric meningitis cases and the EPIBAC network
reported 20 cases in 2014 [88]. Escherichia coli is observed
in 4.3% of cases and Listeria meningitis (nine cases reported
by EPIBAC in 2014) and group A streptococcal meningitis
remain rare in children (Table 2). According to GPIP/ACTIYV,
16 pediatric cases of Listeria meningitis were reported among
4066 children aged>1 month between 2001 and 2012 (i.e.,
0.39% of meningitis cases in infants aged>1 month). Only
two patients were aged below 3 months. L. monocytogenes is
now very rarely responsible for bacterial meningitis in children
(including infants). The systematic addition of amoxicillin in
children aged below 3 months is not justified in the absence of
listerioris evidence (rhombencephalitis).

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Fig. 2. Reporting rates of meningococcal invasive infections for the main
serogroups by age group, between 2005 and 2015 [101].

Evolution des taux de notification des IIM pour les principaux sérogroupes par
age, entre 2005 et 2015 [101].

To sump up, since 2009 the epidemiology of pediatric menin-
gitis is dominated by a decreased incidence of pneumococcal
meningitis, especially among children aged below 2 years who
are targeted by the PCV13 vaccine.

12.3.3. Adult meningitis

Irrespective of the etiology, the incidence of bacterial menin-
gitis in adults was 1.74 cases per 100,000 inhabitants aged
15 years or above in 2013-2014; thus accounting for slightly
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Table 4

Incidence rate” of bacterial meningitis per 100,000 inhabitants aged > 15 years by age and microorganism, EPIBAC, Santé publique France, metropolitan France,

2013-2014.

Taux d’incidence” des méningites bactériennes pour 100 000 habitants > 15 ans selon ’dge et le micro-organisme, EPIBAC, Santé publique France, France

métropolitaine, 2013-2014.

B. Hoen et al. / Médecine et maladies infectieuses xxx (2019) xxx—xxx

Age groups 15-24 years 25-39 years 40-64 years > 65 years All aged > 15 years
IR/10° % IR/10° % IR/10° % IR/10° % IR/10° %

S. pneumoniae 0.22 14 0.47 43 1.18 69 1.52 59 0.96 55

N. meningitidis 1.23 79 0.40 36 0.26 15 0.22 9 0.42 24

L. monocytogenes 0.03 2 0.06 5 0.12 7 0.41 16 0.16 9

H. influenzae 0.03 2 0.08 7 0.06 3 0.22 9 0.10 6

S. agalactiae 0.02 1 0.06 5 0.05 3 0.07 3 0.05 3

S. pyogenes 0.01 1 0.03 3 0.04 2 0.11 4 0.05 3

Total 1.55 100 1.09 100 1.71 100 2.55 100 1.74 100

IR: incidence rate.
% Corrected incidence for comprehensiveness purposes.

more than 900 cases per year. A decreased incidence (—19%,
P<10™*) has therefore been observed compared with that of
2008-2009 (1.93 cases per 100,000 inhabitants aged 15 years or
above). This is due to the decreased incidence of pneumococcal
and meningococcal meningitis as well as to a stable incidence
of other types of bacterial meningitis [88].

e The introduction of the PCV7 vaccine was associated with
a paradoxical increase in adult pneumococcal meningitis
between 2001-2002 and 2008-2009 [ 10], but the incidence of
pneumococcal meningitis decreased following the introduc-
tion of the PCV13: by 23% (P < 10~*) among individuals aged
above 15 years [88]. This decreased incidence was observed
in all age groups, except in the 15-24-year age group. The
high vaccination coverage, the efficacy of the PCV13 vaccine
against the strains of the six additional serotypes (including
serotypes 19A and 7F), and the stable number of meningitis
cases caused by non-vaccine serotypes seem to explain these
positive changes (EPIBAC — unpublished data) [104].

e The incidence of meningococcal meningitis decreased by
24% (P=0.007) among adults between 2008-2009 and
20132014 [88]. This decreased incidence was mainly
observed among young adults aged 15-24 years, and was
mainly due to the decreased incidence of group B meningo-
coccal infections [101]. No decrease in the incidence of group
C meningococcal invasive infections in adults was observed
because of the insufficient vaccination coverage for group C
meningococcal infections [93].

e The incidence of other types of bacterial meningitis did not
change substantially among adults over the same period.

These changes did not substantially change the epidemiology
of adult bacterial meningitis. S. pneumoniae and N. meningitidis
are still mostly responsible for adult bacterial meningitis. They
respectively account for 55% and 24% of cases, i.e. 500 and
220 cases per year in 2013-2014. L. monocytogenes is the third
cause of bacterial meningitis. The respective proportion of
microorganisms vary by age (Table 4). N. meningitidis is most
common in adolescents and young adults, accounting for 79%
of cases among the 15-24-year age group and for 60% of cases
among the 25-29-year age group. S. pneumoniae is responsible

for 64% of meningitis cases in adults aged above 30 years.
Etiologies are slightly more diverse among elderly patients:
S. pneumoniae accounts for 59% of adult bacterial meningitis
cases, L. monocytogenes for 16% of cases, N. meningitidis for
9% of cases, H. influenzae for 9% of cases, and group A and B
streptococci for less than 5% of cases. The relative importance
of L. monocytogenes meningitis among elderly adults should
be highlighted. Age and the increase in chronic diseases and in
associated immunodeficiency causes seem to contribute to this
relative importance [56,105].

To sum up, despite a decreased incidence of pneumococ-
cal meningitis due to the indirect effect of infant vaccination
with PCV13, S. pneumoniae remains the leading cause of bac-
terial meningitis in adults. N. meningitidis is the leading cause
of meningitis in adults aged below 30 years. L. monocytogenes
is the second cause of bacterial meningitis in elderly individu-
als.

12.3.4. Antibiotic susceptibility

12.34.1. S. pneumoniae. The national reference center for
pneumococci has been evaluating the susceptibility of 3073
pneumococcal strains responsible for meningitis since 2006
[103]. The incidence of pneumococci with reduced susceptibil-
ity to beta-lactams responsible for meningitis has significantly
decreased. From 2006 to 2014, their prevalence decreased from
34 to 21% for penicillin, 17 to 5% for amoxicillin, and 4 to 1%
for cefotaxime (Fig. 3). The most recent 2016 data reports the
following rates of pneumococci responsible for meningitis with
reduced susceptibility to beta-lactams: 26% for penicillin, 6.2%
for amoxicillin, and 2% for cefotaxime.

In 2014 (n=271), although 21% of strains responsible
for meningitis showed reduced susceptibility to penicillin
(MIC >0.064 g/ml), the proportion of strains with reduced sus-
ceptibility to the recommended first-line molecules for the
treatment of meningitis was substantially lower. Irrespective of
age, 1.5% of strains had reduced susceptibility to cefotaxime
(MIC > 0.5 mg/1) but no strain was resistant to the molecule (all
have MICs <2 mg/l). The highest cefotaxime MIC measured
in 2014 was 1 mg/l. This MIC was observed in four strains,
including three isolated from adult patients (serotype 19A, 19F,
and 35B) and one isolated from a 34-month-old child (serotype
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Fig. 3. Incidence rate of pneumococcal meningitis with reduced susceptibility to beta-lactams (penicillin, amoxicillin, cefotaxime), France 2001-2014. The blue
curve refers to the incidence rate of all pneumococcal meningitis cases [104]. Pre-PCV7, period before the introduction of the 7-valent conjugate vaccine.

Evolution du taux d’incidence des méningites & pneumocoque de sensibilité diminuée aux bétalactamines (pénicilline, amoxicilline, céfotaxime), France 2001-2014.
La courbe bleue indique le taux d’incidence de tous les cas de méningites a pneumocoque [104]. Pre-PCV7, période précédant I’introduction du vaccin conjugué

7-valent.
A W Amoxicillin ~ ® Cefotaxime
70
60
2
£ 50
7
w40
o
3
2 30
£
3 20
10 I 2
1 1
. | T -
0.008 0.016 0.032 0.064 0.125 0.25 1 2 4
MIC (mg/L)
B m Amoxicillin ~ ® Cefotaxime
70
60
«»
£ 50
I
2 40
i
5}
3
8 30
£
= 20
10
Il n || II | Lol
0 | - -
0.008 0.016 0.032 0.064 0.125 0.25 2 4
MIC (mg/L)

Fig. 4. Distribution of pneumococcal strains isolated from meningitis in France
in 2014 depending on their amoxicillin and cefotaxime MICs: children (0-15
years, n=69) (A); adults (> 15 years, n=202) (B) [104].

Répartition des souches de pneumocoque isolées de méningites en France en
2014 en fonction de leur CMI d’amoxicilline et de céfotaxime : enfants (0-15 ans,
n=09)(A); adultes (> 15 ans, n=202) (B) [104].

19A). Amoxicillin MIC was > 0.5 mg/1 for less than 5% of strains
and >?2 mg/l for 0.7% of strains. The highest amoxicillin MIC
measured in 2014 was 4 mg/l. This was observed in two strains
isolated from adults (Fig. 4).

The proportion of pneumococci with reduced susceptibility
to amoxicillin or cefotaxime has therefore not really been differ-
ent between children and adults since 2012 (Fig. 5). Antibiotic
susceptibility of S. pneumoniae strains isolated from patients
presenting with meningitis in 2016 is displayed in Table 5.

This trend is concomitant with the significant decrease in
the incidence of pneumococcal meningitis due to the direct
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Fig. 5. Pneumococcal strains with reduced susceptibility to amoxicillin or
cefotaxime (%) isolated from meningitis in France, 2001-2014: children
(0—15 years) (A); adults (> 15 years) (B) [104].

Pneumocoques de sensibilité diminuée a I’amoxicilline ou au céfotaxime (%)
isolés de méningites en France, 2001-2014 : enfants (0-15 ans) (A) ; adultes
(>15ans) (B) [104].

and indirect effects of the vaccination of children aged below
2 years with PCV7 vaccine and then with the PCV13 vaccine.
Most strains with reduced susceptibility to beta-lactams were
represented by vaccine serotypes (6B, 9V, 14, 19F, 23F, 19A,
and 6A) no longer observed in pediatric meningitis (<2 years)
and which incidence has significantly decreased in the rest of
the population (Fig. 6) [104,106].

These significant epidemiological changes led the Pediatric
Infectious Diseases Group of the French Pediatrics Society
to update its initial recommendations for the treatment of
pneumococcal meningitis [107]. In 2008 the GPIP was still
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Table 5

B. Hoen et al. / Médecine et maladies infectieuses xxx (2019) xxx—xxx

Antibiotic susceptibility of S. pneumoniae strains isolated from patients presenting with meningitis in 2016.
Sensibilité aux antibiotiques des souches de S. pneumoniae isolées de méningites en 2016.

Antibiotics Thresholds (mg/1)* Strains (n) %S %1 %R MICs MICy
S R
Penicillin G(excluding meningitis) <0.06 >2 402 739 26.1 0.0 0.016 0.5
Penicillin G (meningitis) <0.06 >0.06 402 73.9 - 26.1
Amoxicillin(excluding meningitis) <0.5 >2 402 93.8 5.7 0.5 0.016 0.5
Amoxicillin (meningitis) <0.5 >0.5 402 93.8 - 6.2
Cefotaxime <0.5 >2 402 98.0 2.0 0.0 0.016 0.25
Vancomycin <2 >2 402 100 0.0 0.0 0.25 0.5
Rifampicin <0.06 >0.5 402 100 0.0 0.0 - -
S: susceptible; R: resistant: I: intermediate resistance; MIC: minimum inhibitory concentration.
2 As per the 2016 CASFM-EUCAST guidelines.
W PCV7 6+PCV13 mNon PCV13
9.00

2 8.00 I

E 7.00

8 6.00

©

€ 5.00

é 4.00

8 3.00

Q

] 2.00 I

S 1.00 - M | I

5 o N AN A AE |!el!!;-:-,...=!!!u-|..!!!!

2 2SS 28098280023V T280983

g §§82228§§832Sggggﬁﬁggggﬁgﬁggégﬁﬁggﬁ

= N N N N N N N N N N

0-23 months 24-59 months 5-15 years 16-64 years >64 years

Fig. 6. Incidence of meningitis by serotype group and age, France, 2001-2014 (Sources: data from EPIBAC and the national reference center for pneumococci,
[104]) (PCV7, serotypes of the 7-valent conjugate vaccine; 6 + PCV13, serotypes of the 13-valent conjugate vaccine not included in the PCV7; non-PCV 13, serotypes

not included in the PCV13).

Evolution de I'incidence des méningites par groupe de sérotypes selon I'dge, France, 2001-2014 (Sources : données EPIBAC et CNR des Pneumocoques, [104])
(PCV7, sérotypes du vaccin conjugué 7-valent; 6 + PCV13, sérotypes du vaccin conjugué 13-valent non contenus dans le PCV7 ; non PCV13, sérotypes non contenus

dans le PCV13).

recommending the addition of vancomycin to high doses of 3GC
(because of the emergence of serotype 19A clones with reduced
susceptibility to beta-lactams), but this recommendation is no
longer included in the 2014 updates: only high doses of 3GCs
are recommended [107].

The incidence of pneumococcal meningitis with reduced sus-
ceptibility to beta-lactams has now bottomed out since the start
of the surveillance in 2001 — in all age groups (Figs. 7 and 8).

12.3.4.2. N. meningitidis. Susceptibility profiles of N. menin-
gitidis strains isolated from patients presenting with invasive
meningococcal infections were defined by the national reference
center for meningococci for the antibiotics of therapeutic or pro-
phylactic interest (penicillin G, amoxicillin, injectable 3GCs,
rifampicin, and ciprofloxacin) [ 108]. In 2015 all strains assessed
at the national reference center (n=322) were susceptible to
3GCs, rifampicin, and ciprofloxacin. However, just like in 2006,
30% of these strains showed reduced susceptibility to penicillin
G and amoxicillin.

The empirical treatment with a 3GC is therefore highly likely
to be effective when administered at the high dosage usually rec-
ommended in this indication. However, the use of amoxicillin at

high dosage is probably ineffective against strains with reduced
susceptibility to penicillin G and amoxicillin (Table 6).

12.3.4.3. H. influenzae. The susceptibility profiles of
H. influenzae strains have not substantially changed since
2005. Eighteen per cent (84/470) of all strains assessed
at the Haemophilus national reference center in 2013 (vs
19% in 2005) were resistant to amoxicillin (MICs>2 mg/l)
through penicillinase secretion, and 18% (85/470) (vs 19% in
2005) had a modified PLP3 with amoxicillin MICs between
2 and 16 mg/l and cefotaxime MICs between 0.064 and
1 mg/l. These percentages vary according to the type of
sample and serotype. PLP3 modification (preferred target of
cephalosporins) is associated with reduced cross susceptibility
to all beta-lactams, although at variable rates depending on the
position and number of mutations, and type of beta-lactam.
Resistance to amoxicillin is often moderate, with MICs ranging
from 1 to 16 mg/l (modal MIC at 2mg/l). Clavulanic acid
does not restore susceptibility to amoxicillin. The activity
of first-generation and second-generation cephalosporins is
reduced, just like that of carbapenems. 3GCs remain the most
active cephalosporins, with MICs rarely exceeding 0.125 mg/1.
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Fig. 7. Incidence of pneumococcal strains with reduced susceptibility to amoxicillin (MIC > 0.5 mg/l) isolated from meningitis, by age group (Sources: data from
EPIBAC and the national reference center for pneumococci, unpublished data). Pre-PCV7, period before the introduction of the 7-valent conjugate vaccine; PCV13,
introduction of the 13-valent conjugate vaccine.

Incidence des pneumocoques de sensibilité diminuée a I’amoxicilline (CMI > 0,5 mg/L) isolés de méningites, selon le groupe d’dge, France, 2001-2014 (Sources :
données EPIBAC et CNR des Pneumocoques, non publiées). Pre-PCV7, période précédant I'introduction du vaccin conjugué 7-valent ; PCV13, introduction du
vaccin conjugué 13-valent.
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Fig. 8. Incidence of pneumococcal strains with reduced susceptibility to cefotaxime (MIC > 0.5 mg/l) isolated from meningitis, by age group, France, 2001-2014
(Sources: data from EPIBAC and the national reference center for pneumococci [104]). Pre-PCV7, period before the introduction of the 7-valent conjugate vaccine;
PCV13, introduction of the 13-valent conjugate vaccine.

Incidence des pneumocoques de sensibilité diminuée au céfotaxime (CMI > 0,5 mg/L) isolés de méningites, selon le groupe d’dge, France, 2001-2014 (Sources :
données EPIBAC et CNR des Pneumocoques [104]). Pre-PCV7, période précédant I’introduction du vaccin conjugué 7-valent ; PCV13, introduction du vaccin
conjugué 13-valent.

Table 6
Antibiotic susceptibility of N. meningitidis strains isolated from patients presenting with meningitis.
Sensibilité aux antibiotiques des souches de N. meningitidis isolées de méningites.

Antibiotics Thresholds® Strains (n) MICsg MICyq Range Percentage of strains with reduced susceptibility
S (mg/l) R (mg/1) Tand R (%)

Penicillin G <0.06 >0.25 322 0.064 0.250 0.012-0.5 30

Amoxicillin <0.125 >1 322 0.125 0.380 0.012-1 30

3GC <0.125 >0.125 322 0.004 0.008 0.002-0.094 0

Ciprofloxacin <0.03 0.06 322 0.004 0.006 0.002-0.047 0

Rifampicin <0.25 >0.25 322 0.023 0.094 0.002-0.5 0

3GC: third-generation cephalosporins; S: susceptible; R: resistant; I: intermediate resistance; MIC: minimum inhibitory concentration.
2 As per the 2013 CASFM guidelines.
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Table 7

Thresholds for the four main bacteria responsible for community-acquired meningitis.
Concentrations critiques pour les quatre principales bactéries responsables de méningites communautaires.

Antibiotics Streptococcus pneumoniae Neisseria meningitidis Haemophilus influenzae Listeria monocytogenes

Thresholds (mg/1)

Sif< Rif> Sif< Rif> Sif< Rif> Sif< Rif>
Penicillin G 0.064 0.064* 0.064 0.25 - - 1 1
Amoxicillin 0.5 0.5¢ 0.125 1 2 2 1 1
Cefotaxime 0.5 2 0.125 0.125 0.125 0.125 - -
Vancomycin 2 2 - - - - - -
Rifampicin 0.064 0.5 0.25 0.25 1 1 - -
Meropenem 0.25 1¢ 0.25 0.25 0.25 1* 0.25 0.25
Ciprofloxacin - - 0.032 0.032 0.064 0.064 - -
Co-trimoxazole - - - - - - 0.064 0.064

S: susceptible; R: resistant.
4 As per the 2013 CASFM guidelines.

Nineteen per cent (29/156) of invasive strains assessed at the
Haemophilus national reference center in 2013 were resistant
to amoxicillin (MIC >2 mg/l), including only two strains with
a modified PLP3. No strain was resistant to injectable 3GCs
(MIC <0.125 mg/1) [109]. Only one strain (0.6%) was resistant
to fluoroquinolones, and all were susceptible to rifampicin.
However, H. influenzae strains with higher resistance level have
been isolated in France since 2013 from patients presenting
with pulmonary tract infections, and in 2016 from a patient
presenting with meningitis. These strains are resistant to
oral cephalosporins (cefpodoxime and cefixime) but also to
cefotaxime (MICs ranging from 0.25 to 1mg/l). They show
intermediate susceptibility to meropenem (MIC > 0.5 mg/l),
and most of them remain susceptible to ceftriaxone (O. Gaillot,
national reference center for Haemophilus infections, private
data).

12.3.5. Other bacteria

As for the susceptibility of other bacteria to antibiotics, it
should be reminded that L. monocytogenes is naturally resistant
to cephalosporins. No change in L. monocytogenes suscep-
tibility to antibiotics has been reported over the past years.
Regarding aminoglycosides, the prognostic analysis of patients
enrolled in the MONALISA cohort and presenting with Liste-
ria bacteremia and/or neurolisteriosis highlights the association
between a better prognosis in terms of case fatality at 3 months
and aminoglycoside prescription [110]. Adding aminoglyco-
sides to amoxicillin in case of Listeria meningitis suspicion
is always recommended, even more so when microbiological
documentation is available.

Susceptibility of E. coli strains isolated from meningitis
patients is not specific. Resistance to aminopenicillins is high
(48% to 60% of strains), but resistance to 3GCs and to gentam-
icin reported for all invasive strains reached almost 10% in 2013
[111].

Breakpoints suggested in 2017 by the CA-SFM and EUCAST
are presented in Table 7 for the four bacteria most commonly
responsible for community-acquired meningitis.

12.3.6. Conclusion

Since the last consensus conference on meningitis (2008), the
most important changes focused on the epidemiology of pneu-
mococcal meningitis with a significant decrease in the incidence
of vaccine serotype pneumococcal meningitis, especially in chil-
dren aged below 2 years who are the main target of the PCV13
vaccine. The resulting decreased number of pneumococci with
reduced susceptibility to beta-lactams may lead to considering
an update of treatment guidelines. As for N. meningitidis, it is
necessary to increase vaccination coverage with the meningo-
coccal C polysaccharide conjugate vaccine. English results to
come on the use of a protein meningococcal vaccine (active
against a large proportion of group B N. meningitidis strains but
also potentially active against other serogroups) may influence
future therapeutic recommendations.

12.4. Objectives of the antibiotic therapy in bacterial
meningitis

12.4.1. Case fatality

The case fatality significantly decreases when the antibiotic
therapy is adapted to the in vitro susceptibility [75,81,112—-114].
This has been observed for almost all types of bacterial menin-
gitis, irrespective of the causative agent. The first-line antibiotic
therapy should therefore be carefully chosen.

12.4.2. Morbidity

The second objective of bacterial meningitis treatment is to
avoid sequelae. Sequelae are less common if CSF sterilization
is rapidly obtained [85,86]. The proportion of sterilized CSF 12
or 24 hours after treatment initiation depends on the bacterium
[115]: pneumococcal meningitis is associated with longer time
to CSF sterilization [116]. “Early” sterilization takes approxi-
mately the same time for all administered antibiotics, provided
the bacterium is susceptible to the antibiotic [115].

12.4.3. Objectives

We can now clarify the “anti-bacterial” objectives of treat-
ments thanks to the above-mentioned observations. Considering
the bacterial concentrations initially observed after the first
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lumbar puncture (approximately 5 log/ml for S. pneumoniae
and Haemophilus, and 4 log/ml for meningococci) [117]
and the need for early CSF sterilization, the operational
treatment objective is to reach an in vivo bactericidal level
of 0.5 log CFU/ml/h. This data can only be assessed with an
analysis of experimental model results.

12.4.4. Pharmacokinetics and pharmacodynamic
parameters

Several reviews focused on the analysis of these parameters
[118-121].

Pharmacodynamic parameters more often focus on the mini-
mum bactericidal concentration (MBC) than on the MIC, while
efficacy parameters depend on the antibiotic class. A strong
correlation is observed between the three main parameters:
concentration ratio in CSE/MBC (CCSF/MBC), area under the
curve of CSF concentration (AUCCSF) and MBC ratio, and
concentration time fraction in CSF/MBC (TCSF/MBC). On the
basis of experimental works, CCSF/MBC ratio > 5 is associated
with early sterilization [119,122,123].

Antibiotic administration modalities may also be suggested
based on the analysis of experimental results. For the use of
3GCs in the treatment of experimental pneumococcal menin-
gitis “resistant” to 3GCs, it has been demonstrated that the
TCSF/MBC ratio had to be at least equal to 95% of time to
obtain sterilization [ 123]; this may also be expressed by the need
for a minimum concentration (in CSF) always higher than the
MBC. Beta-lactam prescription therefore requires immediately
efficient CSF concentrations.

12.5. Administration modalities

Antibiotic penetration into the subarachnoid space is the
first requirement needed to eradicate bacteria from the CSF.
It depends on the physicochemical properties of antibiotics
[119,124,125] or on their susceptibility to cellular efflux
[126]. Lipophilic antibiotics (quinolones, rifampicin, and to a
lesser extent linezolide), antibiotics with low molecular weight
(quinolone, rifampicin, fosfomycin), and those with low protein
binding are associated with a more rapid and more important
diffusion. Other factors play arole in antibiotic penetration such
as inflammation of the meninges, which facilitates the diffusion
of beta-lactams in the meninges [119].

Some antibiotic molecules may also be administered via con-
tinuous infusion following a loading dose to obtain optimal and
rapid diffusion [125]. Continuous infusion helps optimize the
probability of antibiotic therapy success in case of systemic
infections [127] and increases the meningeal and cerebro-
meningeal penetration of antibiotics. Continuous infusion is
particularly useful with beta-lactams with a relatively short half-
life and with glycopeptides such as vancomycin. However, the
benefit of the continuous infusion in case of bacterial meningitis
has not been clinically proven.

12.6. Most frequently used molecules

Guidelines resulting from the analysis of epidemiological,
bacteriological, and PK/PD data address the role of injectable
3GCs and vancomycin.

12.6.1. Cephalosporins

Cefotaxime and ceftriaxone are most frequently used because
of their bactericidal properties and their good diffusion in CFS
[128]. Ceftriaxone has a slightly better in vitro activity profile
against S. pneumoniae than cefotaxime [129]. However, cefo-
taxime may be administered at very high doses without inducing
adverse events. Ceftriaxone has high protein binding rate, which
may theoretically limit its diffusion in CSF [130].

12.6.2. Vancomycin

Vancomycin is only used in combination, either via contin-
uous infusion following a loading dose or through clustered
injections to optimize CSF concentrations. A proportional
relation may be observed between serum and meningeal con-
centrations [131,132]. Using continuous infusion and even with
corticosteroid addition, sufficient CSF levels of vancomycin are
obtained when vancomycin blood levels are at least 25-30 mg/1
[132].

Tolerability of S. pneumoniae to vancomycin seems rare
although more frequent in case of resistance to beta-lactams.
It is also associated with poorer treatment response and relapses
[133-138]. These findings are also observed in experimental
models [135]. No pneumococcal strain tolerant to vancomycin
has been observed in France so far.

12.6.3. Treatment foresight

Many clinical and experimental studies demonstrated the
limitations of vancomycin in the management of community-
acquired pneumococcal meningitis:

e ineffectiveness of vancomycin alone in obtaining a cure
following pneumococcal meningitis, leading to the con-
traindication of vancomycin alone [139];

e no potentialization of 3GC bactericidia in experimental
models of pneumococcal meningitis [140,141];

e Dbenefits of vancomycin in experimental models, when adding
a 3GC, only if the pneumococcus is resistant to the 3GC
(MIC >2mg/l); very rare in France (no strain reported in
2014);

e reduced penetration of vancomycin in the CSF in case of
co-administration of dexamethasone [122] (currently highly
recommended). Reduced penetration has been associated
with delayed sterilization in experimental meningitis with
resistant strain to 3GCs and concomitant administration of
corticosteroids [142];

e the risk of nephrotoxicity of vancomycin is higher in adults
when administered at high doses [143]. Adding vancomycin
should therefore not be suggested in the absence of benefits
and in case of toxic risks. This data is not available in children.

Please cite this article in press as: Hoen B, et al. Management of acute community-acquired bacterial meningitis (excluding newborns). Long
version with arguments. Med Mal Infect (2019), https://doi.org/10.1016/j.medmal.2019.03.009



https://doi.org/10.1016/j.medmal.2019.03.009

+Model
MEDMAL-4114; No.of Pages37

20 B. Hoen et al. / Médecine et maladies infectieuses xxx (2019) xxx—xxx

Good results in experimental meningitis evaluating
rifampicin were reported: the 3GC +rifampicin combination
was superior to the 3GC+vancomycin combination. The
authors of a mouse study reported that rifampicin reduced
lipoteichoic and teichoic acid concentrations as well as early
mortality [ 144]. Another study conducted in rabbits assessed the
administration of rifampicin prior to ceftriaxone versus ceftriax-
one alone. The authors reported that rifampicin administration
prior to ceftriaxone reduced CSF concentrations of lipoteichoic
acids as well as the incidence of neurological lesions [145].
Clinical prospective studies are required. However, the authors
of a clinical retrospective study reported that adding rifampicin
to a 3GC was not associated with better prognosis in the
multivariate analysis [6].

12.7. Arguments for a monotherapy with high doses of 3GC
(cefotaxime or ceftriaxone) for pneumococcal meningitis

12.7.1. Epidemiology

In 2014 no pneumococcal strain resistant to cefotaxime
or ceftriaxone was isolated from adults and children present-
ing with meningitis. One strain with intermediate resistance
(MIC > 0.5 mg/l; <2 mg/l) to cefotaxime was isolated from chil-
dren (MIC =1 mg/1) (out of 69 pneumococcal strains) and three
were isolated from adults (MIC = 1 mg/l) (out of 202 pneumo-
coccal strains).

12.7.2. Clinical studies and analysis of treatment failures

The authors of an observational, multicentric, and prospec-
tive study of 156 adult patients hospitalized in the ICU
for pneumococcal meningitis reported that the addition of
vancomycin was not associated with reduced mortality in
patients presenting with an infection caused by pneumo-
cocci with reduced susceptibility to penicillins [65]. Adequate
antibiotic therapy for patients presenting with pneumococ-
cal infection with MIC > 0.5 mg/l was defined as one dose
of cefotaxime > 200 mg/kg/day or ceftriaxone > 100 mg/kg/day
associated with vancomycin 40-60 mg/kg/day after a loading
dose. The authors reported that case fatality was associated with
the infection severity at admission, with the reduced suscep-
tibility to penicillin of the pneumococcus, and with time to
antibiotic therapy administration > 3 hours following admission.
The co-administration of vancomycin in case of pneumococci
with reduced susceptibility to penicillins did not improve the
immediate or late prognosis. A literature analysis published in
1998 [139] assessed pneumococcal meningitis cases associated
with clinical and/or microbiological failure of cephalosporins.
Of 16 reported cases (13 children, including 10 aged between
4 and 19 months and three adults), 13 strains had cefotaxime
and ceftriaxone MICs > 2 mg/l (range: 2—16), and three strains
had MICs ranging between 0.5 and 1mg/l. The ceftriaxone
dose administered for the first of these three cases was appar-
ently too low (4 g/day for a 33-year-old adult with unknown
weight). The cefotaxime MIC of the second case was 0.5 mg/l
while that of ceftriaxone was 0.05 mg/l; this is indicative of a
technical problem. The third case was associated with clinical
failure despite cefotaxime MIC at 1 mg/day and a cefotaxime

dose of 240 mg/kg/day. Except for the last case patient reported,
cephalosporin failure observed in this study was either due to
very high MICs (>2 mg/l) — no longer observed nowadays —
or to an insufficient dose. Viladrich et al. [146] assessed 10
adult cases of pneumococcal meningitis with reduced suscep-
tibility to cephalosporins treated with high doses of cefotaxime
(300 mg/kg/day, maximum 24 g/day). MICs were respectively
0.5mg/l (n=3), 1 mg/l (n=35), and 2 mg/l (n=2) and minimum
bactericidal concentrations ranged between 1 and 4 mg/l. The
authors concluded to an adequate treatment tolerability and
to good effectiveness with cure without relapse observed in
9/10 patients. One death was reported, but it occurred eight days
after treatment completion when meningitis was cured.

12.7.3. Pharmacokinetic/pharmacodynamic parameters

Considering the above-mentioned PK/PD parameters,
most clinical failures of 3GC treatments for pediatric
pneumococcal meningitis were observed with cefotaxime
doses <200 mg/kg/day and with strains with elevated MICs
(> 0.5mg/1) [79,147,148]. Increasing the beta-lactam dose was
recommended to increase antibiotic concentrations in the CSF
and consequently increase the inhibitory quotient numerator
[139].

As early as 1997 Friedland considered the use of a
monotherapy with high doses of cephalosporins for pediatric
pneumococcal meningitis [149]. Cefotaxime concentrations
were measured in 20 children treated with cefotaxime
300 mg/kg/day and dexamethasone. The median CSF concen-
tration was 4.7 pg/ml. CSF bactericidal activity was observed
in 94% of susceptible strains, but in only 72% of strains with
intermediate resistance and 44 % of resistant strains. Other stud-
ies reported highly diverse rates of 3GCs in CSF. Goldwater
[150] (2005) thus assessed the rate of 3GCs in the CSF of 14
children treated with ceftriaxone 100 mg/kg/day or with cefo-
taxime 200 mg/kg/day who had undergone a second lumbar
puncture. The lowest rate was 0.58 mg/l and the highest rate
was 35 mg/l, with a median rate of approximately 3 mg/l. No
failure was observed as strains had low MICs of approximately
0.01 mg/1. The same diversity of rates was observed in a study
of 19 patients who received 300 mg/kg/day of cefotaxime asso-
ciated with vancomycin, without dexamethasone injection. The
median CSF rate of cefotaxime was 4.4 mg/1 (1.9-10.7 mg/1).

Compared with studies assessing lower doses of cefo-
taxime (200 mg/kg/day), increasing the dose of cefotaxime to
300 mg/kg/day in children does not seem to be associated with a
significant increase in CSF concentrations [ 151]. The CSF levels
observed in this study were not high enough to reach the optimal
inhibitory quotient for strains with cefotaxime MICs > 0.5 mg/I1.
Required values for the inhibitory quotient are also not reached
for strains with MICs of 1 mg/l. No clinical study is available
to assess the potential impact of insufficient concentrations on
clinical outcome.

12.7.4. Evolution

It is currently not possible to assess the evolution of pneu-
mococcal resistance in the short term and medium term. The
current situation is probably due to the impact of vaccination
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policies and of strategies aiming to reduce antibiotic consump-
tion. The emergence of new strains is in any case foreseeable
and should trigger close monitoring of resistance, through active
surveillance based on existing networks such as the pediatric
observatory and the COMBAT cohort of adult meningitis.

The definition of failure should therefore be clarified. All
failures should be bacteriologically documented. Antibiotic con-
centrations in CSF should be measured whenever possible to
collect data on treatment effectiveness.

12.7.5. Pediatric specifics

In 2008 the French Infectious Diseases Group (GPIP) of
the French Pediatrics Society suggested maintaining the sys-
tematic prescription of vancomycin at the initial phase of the
pneumococcal meningitis treatment because of the frequency
of strains with reduced susceptibility to beta-lactams (serotype
19A mainly) in infants and children [107]. Epidemiological
and microbiological changes have recently been observed in
France for bacteria responsible for meningitis following the use
of the 13-valent pneumococcal conjugate vaccine. Therefore,
the systematic addition of vancomycin is no longer required.
It should be restricted to cases where injectable 3GC MICs
are>0.5 mg/l. Obtaining 3GC CSF concentrations five times
higher than the MIC is in that case not guaranteed. An early
switch with IV amoxicillin (200 mg/kg/day, four times a day)
is recommended if the strain is susceptible to the molecule
(amoxicillin MIC < 0.5 mg/1).

GPIP also suggested favoring cefotaxime (instead of ceftri-
axone) at the initial dosing of 300 mg/kg/day divided into four
intravenous infusions because of the very long half-life of ceftri-
axone and of its high digestive concentrations. These properties
may favor the emergence of Enterobacteriaceae strains resistant
to 3GCs through ESBL production [152]. However, the theoret-
ical risk in terms of ecological impact should be assessed and
compared with the benefit/risk ratio of such choice.

On the basis of currently available data and especially
epidemiological data, when the optimal dose of 3GC is admin-
istered for the treatment of pneumococcal meningitis, the
systematic addition of vancomycin is not justified in adults and
children.

12.8. First-line antibiotic therapy for acute
community-acquired meningitis, except in newborns

Guidelines for the first-line antibiotic therapy depend on the
positivity of the direct examination or PCR tests (Table 8). Cor-
ticosteroids may be administered before antibiotics. Patients
presenting with meningitis and turbid CSF should be prescribed
an empirical antibiotic therapy as soon as the physician per-
forming the lumbar puncture notices the turbid CSF. Physicians
should NOT wait for the results of the direct examination and
the CSF biochemical analysis to initiate antibiotics; while wait-
ing for Gram staining results, the choice of empirical antibiotic
therapy should comply with treatment guidelines for meningi-
tis with a negative direct examination. Later on, the choice of

antibiotics should take into consideration the results of the direct
examination, as soon as they are available.

12.8.1. Positive direct examination or positive PCR tests
12.8.1.1. S. pneumoniae suspicion. A monotherapy with cefo-
taxime 300 mg/kg/day is recommended. The administration is
performed intravenously either with a continuous infusion or
a discontinuous infusion with a minimum of four infusions
(75 mg/kg/6 h). The daily dose for the continuous infusion is
initiated immediately after the administration of a loading dose
of 50 mg/kg over one hour. Ceftriaxone may be administered at
a dosage of 100 mg/kg/day as one or two intravenous infusions.
A pharmacokinetic modeling study reported the benefit of cef-
triaxone administration as two infusions daily in patients with
normal renal function (glomerular filtration rate > 30 ml/min)
[153]. Although cefotaxime has better parmacokinetic param-
eters (higher protein binding for ceftriaxone) and ceftriaxone
shows better microbiological data (MIC usually one dilution
lower than cefotaxime), there is no clinical study available to
recommend one molecule over the other. However, consider-
ing the very long half-life of ceftriaxone and its high digestive
concentrations, this molecule could be more likely to favor
the emergence of Enterobacteriaceae strains resistant to 3GCs
through the production of extended-spectrum beta-lactamases
[152].

There is no consensus on the maximum dose in adults:
some studies report doses of 24 g/day of cefotaxime [146].
Children (< 15 years of age) may receive cefotaxime at the max-
imum daily dose of 12 g (4 g maximum for ceftriaxone). Doses
should be adjusted to the renal function. Measuring residual
plasma concentrations after 48 hours of treatment may be indi-
cated when administering a daily dose > 10 g/day, or in patients
aged >70 years or with a creatinine clearance < 30 ml/min.

12.8.1.2. N. meningitidis suspicion. A monotherapy with cefo-
taxime 200 mg/kg/day is recommended. The administration is
performed intravenously either with a continuous infusion or
a discontinuous infusion with a minimum of four infusions
(50mg/kg/6 h). The daily dose for the continuous infusion is
administered concomitantly with the loading dose of 50 mg/kg
over one hour. Ceftriaxone may be administered at a dose of
75 mg/kg/day as one or two intravenous infusions.

12.8.1.3. Listeriosis suspicion. A two-drug combination
therapy is recommended with intravenous amoxicillin
200 mg/kg/day divided into 4 to 6 infusions and intra-
venous gentamicin 5—-6 mg/kg/day as a single daily dose over
30 minutes.

12.8.1.4. H. influenzae suspicion. A monotherapy with cefo-
taxime 200 mg/kg/day is recommended. The administration is
performed intravenously either with a continuous infusion or
a discontinuous infusion with a minimum of four infusions
(50 mg/kg/6 h). The daily dose for the continuous infusion is
administered concomitantly with the loading dose of 50 mg/kg
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First-line treatment of acute bacterial meningitis by CSF direct examination (in case of turbid CSF, the antibiotic therapy should be immediately initiated before
receiving the direct examination results).
Traitement de 1" intention des méningites bactériennes aigués en fonction de I’examen direct du LCS (en cas de LCS trouble ; initier I’ antibiothérapie sans attendre

les résultats de I’examen direct).

Antibiotics

Dosage®

Positive direct
examination/PCR

Pneumococcal suspicion
(Gram+ cocci)

Meningococcal suspicion
(Gram— cocci)

Listeriosis suspicion
(Gram+ bacillus)

H. influenzae suspicion
(Gram— bacillus)

E. coli suspicion? (Gram—
bacillus)

Cefotaxime or ceftriaxone

Cefotaxime or ceftriaxone

Amoxicillin + gentamicin

Cefotaxime or ceftriaxone

Cefotaxime or ceftriaxone

Cefotaxime: 300 mg/kg/day IV, either as 4 infusions or as a continuous administration with a
loading dose of 50 mg/kg over 1 hour®

Ceftriaxone: 100 mg/kg/day IV, as 1 or 2 infusions

Cefotaxime: 200 mg/kg/day 1V, either as 4 infusions or as a continuous administration with a
loading dose of 50 mg/kg over 1 hour”

Ceftriaxone: 75 mg/kg/day IV, as 1 or 2 infusions®

Amoxicillin: 200 mg/kg/day 1V, either as 4 infusions or as a continuous administration
Gentamicin: 5 mg/kg/day IV in adults, as a single daily infusion

5-8 mg/kg in children

Cefotaxime: 200 mg/kg/day IV, either as 4 infusions or as a continuous administration with a
loading dose of 50 mg/kg over 1 hour”

Ceftriaxone: 75 mg/kg/day IV, as 1 or 2 infusions®

Cefotaxime: 200 mg/kg/day IV, either as 4 infusions or as a continuous administration with a
loading dose of 50 mg/kg over 1 hour”

Ceftriaxone: 75 mg/kg/day IV, as 1 or 2 infusions®

Negative direct
examination/PCR

With no evidence for
listeriosis

Cefotaxime or ceftriaxone

Cefotaxime: 300 mg/kg/day IV, either as 4 infusions or as a continuous administration with a
loading dose of 50 mg/kg over 1 hour”

Ceftriaxone: 100 mg/kg/day IV, as 1 or 2 infusions®

Cefotaxime or ceftriax-
one + amoxicillin + gentamicin

With evidence for
listeriosis®

Cefotaxime: 300 mg/kg/day IV, either as 4 infusions or as a continuous administration with a
loading dose of 50 mg/kg over 1 hour”

Ceftriaxone: 100 mg/kg/day IV, as 1 or 2 infusions®

Amoxicillin: 200 mg/kg/day 1V, either as 4 infusions or as a continuous administration
Gentamicin: 5 mg/kg/day IV in adults, as a single daily infusion

5-8 mg/kg in children

Renal failure: cefotaxime: same dose during the first 24 hours; after 24 hours, 25% reduction for GFR of 30-60 ml/min, 50% reduction for GFR of 15-30 ml/min,
75% reduction for GFR lower than 15 ml/min. High antibiotic doses should not be adjusted in patients receiving continuous hemofiltration. For ceftriaxone, if the
creatinine clearance is <30 ml/min: same dose during the first 24 hours (as 2 injections/24 hrs); after 24 hours, 50% reduction of the dose which is administered once;

no dosing adjustment if creatinine clearance > 30 ml/min.

% Maximum daily dose, in children: cefotaxime = 12 g/day, ceftriaxone =4 g/day.

b The continuous daily infusion and the loading dose should be concomitantly administered.

¢ Two daily infusions should be favored in case of a glomerular filtration rate of 30 ml/min and one daily infusion if <30 ml/min.
4 In case of ESBL-producing E. coli suspicion, meropenem 40 mg/kg three times daily as a slow IV infusion and expert advice.

¢ Predisposing factors, progressive onset of symptoms, rhombencephalitis, cranial nerve impairment, and/or cerebellar syndrome.

over one hour. Ceftriaxone may be administered at a dose of
75 mg/kg/day as one or two intravenous infusions.

12.8.1.5. E. coli suspicion. A monotherapy with cefotaxime
200 mg/kg/day is recommended. The administration is per-
formed intravenously either with a continuous infusion or
a discontinuous infusion with a minimum of four infusions
(50 mg/kg/6h). The daily dose for the continuous infusion
is administered concomitantly with the loading dose of
50 mg/kg over one hour. Ceftriaxone may be administered
at a dose of 75mg/kg/day as one or two intravenous infu-
sions.

When ESBL-producing E. coli meningitis is highly suspected
(ESBL colonization or positive specimen from another site),
cefotaxime or ceftriaxone should be replaced by meropenem
40 mg/kg three times daily as a slow IV infusion (expert advice
required).

12.8.2. Negative direct examination and negative PCR tests

The distribution of microorganisms is in that case different,
as detailed in Table 9 using the results of the COMBAT cohort
of adult patients presenting with bacterial meningitis. As the
sensitivity of the direct examination is lower in case of Listeria
meningitis, the respective proportion of this microorganism is
more important in patients presenting with meningitis with a
negative direct examination (Table 9).

Evidence for listeriosis: age>70 years, comorbidities,
immunodeficiency, progressive onset of symptoms, rhomben-
cephalitis (cranial nerve involvement and/or cerebellar syn-
drome).

Two scenarios are possible.

12.8.2.1. No evidence for listeriosis. A monotherapy with cefo-
taxime 300 mg/kg/day is recommended. The administration is
performed intravenously either with a continuous infusion or
a discontinuous infusion with a minimum of four infusions
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Table 9

Distribution of microorganisms in the COMBAT cohort of adult patients presenting with meningitis, by CSF direct examination results.
Répartition des microorganismes dans la cohorte des méningites de I’adulte COMBAT, en fonction des résultats de I’examen direct du LCS.

Microorganisms identified at culture Total (n=403) Positive direct examination Negative
n (%) (n=294) direct
examination
(n=109)
Gram-positive Gram-negative Gram-positive Gram-negative n (%)
cocci cocci bacilli bacilli
(n=204) (n=63) (n=06) (n=21)
n (%) n (%) n (%) n (%)
Streptococcus pneumoniae 211 (52.4) 179 (87.7) 0 0 0 32(29.4)
Streptococcus other than S. pneumoniae 23 (5.7) 13 (6.4) 0 0 0 10 (9.2)
Neisseria meningitidis 89 (22.1) 1(0.5) 58 (92.1) 0 1(4.8) 29 (26.6)
Haemophilus influenzae 18 (4.5) 0 0 0 8 (38.1) 10 (9.2)
Listeria monocytogenes 20 (5.0) 0 1(1.6) 6 (100.0) 0 13 (11.9)
Escherichia coli 4(1.0) 0 0 0 4(19.0) 0
Staphylococcus aureus 8(2.0) 3(1.5) 0 0 0 5(4.6)
Other microorganisms 20 (5.0) 6(2.9) 0 0 8(38.1) 6 (5.5
Unidentified microorganisms 10 (2.5) 2(1) 4(6.3) 0 0 4(3.6)

(75 mg/kg/6h). The daily dose for the continuous infusion is
initiated immediately after the administration of a loading dose
of 50 mg/kg over one hour. Ceftriaxone may be administered at
a dose of 100 mg/kg/day as one or two intravenous infusions.

12.8.2.2. Evidence for listeriosis. A triple therapy with
cephalosporin, amoxicillin, and aminoglycoside is recom-
mended.

Cefotaxime is administered at the dose of 300 mg/kg/day. The
administration is performed intravenously either with a contin-
uous infusion or a discontinuous infusion with a minimum of
four infusions (75 mg/kg/6 h). The daily dose for the continuous
infusion is initiated immediately after the administration of a
loading dose of 50 mg/kg. Ceftriaxone may be administered at
a dose of 100 mg/kg/day as one or two intravenous infusions.

Amoxicillin is administered at the dose of 200 mg/kg/day
intravenously, divided into 4 to 6 infusions.

Gentamicin is administered at the dose of 5 mg/kg/day intra-
venously as a single daily dose over 30 minutes in adults and at
the dose of 5-8 mg/kg in children.

12.8.2.3. Beta-lactam allergy. Severe allergy to beta-lactams is
defined as a history of immediate anaphylactic hypersensitivity,
including anaphylactic shock. Except for these extremely rare
cases, the use of cefotaxime or ceftriaxone is recommended.
One should bear in mind that the CSF diffusion of aztreonam
is poor. Meropenem could be used because of the associated
low risk of cross allergy [154]. However, no data is available
to draft guidelines in this rare situation. The infectious disease
specialist’s advice should be sought, and the first 24 hours of
treatment may be monitored in the continuous monitoring unit
(even if the patient’s state does not require it) (Table 10).

12.8.2.4. Renal function and antibiotic therapy for bacterial
meningitis. Drafting guidelines for the treatment of bacterial
meningitis is difficult as high doses of antibiotics should be
administered but as they should also be adjusted to the renal

function. In addition, little data is available in the literature.
As cefotaxime is mainly renally excreted (including 60% as
unchanged form and 20% as active metabolites), the dosing
regimen should be adjusted to the renal function. As the suscep-
tibility of the causative agent is initially unknown, we suggest
using high antibiotic doses the first 24 hours and then reducing
them by 25% to 75% according to the renal function impairment
(25% reduction for a glomerular filtration rate [GFR] between
30 and 60 ml/min, 50% reduction for a GFR between 15 and
30 ml/min, 75% reduction for a GFR below 15 ml/min). High
antibiotic doses should not be adjusted in patients receiving
continuous hemofiltration. The ceftriaxone dose should also be
adjusted as it is equally excreted from the hepato-biliary and
renal routes. A full dose may also be administered the first
24 hours (2 injections/24 h). A 50% reduction of the dose may be
suggested when the creatinine clearance is <30 ml/min (single
administration) [153]. Plasma (to avoid excessive dosing) and
CSF concentrations should be measured in all these situations
to check if CSF antibiotic concentrations are at least 10 times
higher than the MIC.

13. Question 3 — What is the initial therapeutic
management for patients presenting with a suspicion of
bacterial meningitis (excluding the antibiotic therapy)?

13.1. When should corticosteroids be prescribed and what
is the recommended regimen?

Dexamethasone is the only adjuvant to the bacterial meningi-
tis treatment to have been extensively assessed in clinical studies.
Dexamethasone reduces the inflammation of the subarach-
noid spaces and the vasogenic edema induced by meningitis,
which are associated with potentially deleterious effects. This
anti-inflammatory activity was highest in animal models when
dexamethasone was administered before or at the same time as
the first dose of antibiotic.
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Table 10

First-line treatment of acute bacterial meningitis by CSF direct examination in patients with severe allergy to beta-lactams (in case of turbid CSF, the antibiotic
therapy should be immediately initiated before receiving the direct examination results).
Traitement de 1" intention des méningites bactériennes aigués en fonction de I’examen direct du LCS chez les patients présentant de graves allergies aux bétalactamines

(en cas de LCS trouble; initier I’antibiothérapie sans attendre les résultats de I’examen direct).

Antibiotics Dosage
Positive direct
examination/PCR
Pneumococcal Vancomycin Vancomycin: loading dose of 30 mg/kg over one hour, and then daily dose of 40—-60 mg/kg/day
suspicion (Gram+ AND to be adjusted to obtain residual plasma concentrations between 15 and 20 mg/1
cocci) Rifampicin Rifampicin: children: 10 mg/kg, twice daily up to 600 mg/day; adults: 300 mg, twice daily;
OR adults: 2 g three times daily
Meropenem
Meningococcal Ciprofloxacin Ciprofloxacin: 800-1200 mg
suspicion (Gram— OR Rifampicin: children: 10 mg/kg, twice daily up to 600 mg/day; adults: 300 mg, twice daily
cocci) Rifampicin
Listeriosis Trimethoprim-sulfamethoxazole Trimethoprim-sulfamethoxazole: 10-20 mg/kg (of the trimethoprim component) as 4

suspicion (Gram+
bacillus)

doses/day

H. influenzae Ciprofloxacin Ciprofloxacin: 800-1200 mg
suspicion (Gram—
bacillus)
Negative direct
examination/PCR
No evidence for Vancomycin Vancomycin: loading dose of 30 mg/kg over one hour, and then daily dose of 40-60 mg/kg/day
listeriosis® AND to be adjusted to obtain residual plasma concentrations between 15 and 20 mg/1
Rifampicin Rifampicin: children: 10 mg/kg, twice daily up to 600 mg/day; adults: 300 mg, twice daily
With evidence for Vancomycin Vancomycin: loading dose of 30 mg/kg over one hour, and then daily dose of 40-60 mg/kg/day
listeriosis AND to be adjusted to obtain residual plasma concentrations between 15 and 20 mg/1
Rifampicin Rifampicin: children: 10 mg/kg, twice daily up to 600 mg/day; adults: 300 mg, twice daily
AND Trimethoprim-sulfamethoxazole: 10-20 mg/kg (of the trimethoprim component) as

Trimethoprim-sulfamethoxazole 4 doses/day

2 Pediatricians recommend the combination of ciprofloxacin and vancomycin in children (expert advice).

A meta-analysis of randomized studies concluded to the
benefit of dexamethasone in children as it helped reduce the
frequency of severe hearing loss when the causative agent was
H. influenzae or S. pneumoniae and when the first injection
was administered before or at the same time as the first dose
of antibiotics [155].

The most recent Cochrane meta-analysis (2015) included 25
randomized trials (1517 adults and 2511 children) for a total
of 4121 bacterial meningitis cases [155]. Irrespective of the
microorganism, findings from this meta-analysis revealed that
corticosteroids were not associated with reduced case fatality but
with morbidity improvement in terms of neurological sequelae
reduction and hearing loss reduction. Taking into consideration
the type of microorganisms or the country’s socio-economic sta-
tus, the subgroup analyses revealed that corticosteroids were
associated with reduced case fatality for microbiologically con-
firmed pneumococcal meningitis only and in industrialized
countries only.

In the randomized, double-blind, and placebo-controlled
European study of 301 adult patients presenting with bacte-
rial meningitis included in this meta-analysis, patients were
followed up for an average of 13 years. The impact of corti-
costeroids on the reduction of case fatality, observed during the
initial follow-up, was sustained up to 20 years after the initial
episode [156].

The analysis of the prospective and observational Dutch
cohort of 1412 episodes of bacterial meningitis included over
eight years revealed that, irrespective of the microorganism,
dexamethasone was independently associated with better prog-
nosis (in terms of death or survival with sequelae) in patients
presenting with pneumococcal meningitis (OR: 0.55; 95% CI:
0.38-0.80) and in those infected with other microorganisms
(OR: 0.44; 95% CI: 0.23-0.85) [71]. The analysis of a Danish
cohort of 1746 adults also suggests the positive impact of corti-
costeroids (case fatality: 10% versus 21%) in patients presenting
with pneumococcal meningitis without any prior administration
of corticosteroids [157].

Conversely, the prospective French study MONALISA
reported that dexamethasone prescription was an independent
risk factor for increased mortality, thus contraindicating its use
when listeriosis is confirmed [110].

Time to corticosteroid initiation was assessed in 22 trials
included in the 2015 Cochrane meta-analysis [155]. Corti-
costeroids were administered before or at the same time as
antibiotics in 13 trials (3143 patients) and after antibiotics in
nine trials (797 patients). No significant difference was observed
in terms of dexamethasone benefit between both administration
modalities based on the analysis of the various endpoints.

As most trials administered corticosteroids before or at the
same time as the antibiotic therapy, this administration modality
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is currently recommended. However, corticosteroids should be
administered as soon as possible after antibiotic therapy initia-
tion when they cannot be administered before or at the same time
as antibiotics. No study assessing the maximum time to corti-
costeroid administration following antibiotic therapy initiation
is available. On the basis of experts’ advice, the 2016 Euro-
pean guidelines recommend a maximum time to corticosteroid
administration of 4 hours [56]. The 2016 British guidelines rec-
ommend a maximum time of 12 hours [55].

Updated pediatric results from the most recent meta-analysis
[155] confirmed the positive impact of dexamethasone on the
prevention of neurological complications of pneumococcal and
H. influenzae meningitis, without any impact on case fatal-
ity. No major benefit was observed in case of meningococcal
meningitis except for severe invasive infection due to a hyper-
virulent clonal strain belonging to the ST-11 group. Additional
analyses are, however, required to demonstrate such impact on
patients presenting with meningococcal meningitis (excluding
purpura fulminans). This meta-analysis also confirmed that cor-
ticosteroids had no deleterious effect in treated patients, but few
pediatric studies have been performed on that matter.

Data from the National Observatory for Pediatric Bacte-
rial Meningitis reveals that the 2008 guidelines have not been
adequately followed. Overall, the prescription rate of dexam-
ethasone has increased since 2008, even though slightly: from
33.2t0 38.3% (P =0.001), irrespective of age and bacteria. The
limitation of this study (source: C Lévy, National Observa-
tory for Pediatric Bacterial Meningitis, GPIP/ACTIV) aiming
to evaluate the impact of prescription delay on outcome is the
absence of reliable data on this delay (before or after bacterial
identification).

As a consequence, data gathered since 2008 does not jus-
tify the update of guidelines for dexamethasone use in infants
and children presenting with bacterial meningitis (excluding
newborns).

13.2. Recommendations

13.2.1. Adults
Dexamethasone injection is recommended, just before or at
the same time as the first injection of antibiotics in case of:

e a suspicion of bacterial meningitis without microbiological
confirmation, but with an empirical antibiotic treatment deci-
sion taken. This scenario is observed when:

o theindication for brain imaging delays the lumbar puncture
(neurological contraindications to the lumbar puncture)
(Question 1),

o the lumbar puncture is contraindicated for non-
neurological reasons (Question 1),

o turbid or even purulent CSF is observed at lumbar puncture,

o a negative direct examination of CSF is observed at lum-
bar puncture, but other CSF and blood biological findings
confirm the bacterial meningitis diagnosis;

e initial microbiological diagnosis indicative of:

o pneumococcal bacterial meningitis (Binax positive and/or
Gram-positive cocci at CSF direct examination),

o meningococcal bacterial meningitis (Gram-negative cocci
at CSF direct examination). Several experts do not recom-
mend dexamethasone in this scenario.

The initial dose of dexamethasone in adults is 10 mg every
6 hours, for 4 days.

This treatment is not recommended in immunocompromised
patients and in patients presenting with neuroinvasive listeriosis
[12].

When the corticosteroid therapy cannot be administered just
before or at the same time as the first injection of antibiotics,
it should be administered as soon as possible up to 12 hours
following antibiotic initiation.

Following definitive identification of the microorganism,
dexamethasone should be continued for a total duration of four
days in case of documented pneumococcal and Haemophilus
meningitis. Whether or not to continue dexamethasone for
four days in case of meningococcal meningitis is left to the
physician’s choice. There is no indication for continuing dexam-
ethasone in case of meningitis caused by other microorganisms.

Onset of thrombosis with cerebral ischemia several days or
several weeks later, following an initially favorable outcome, is
observed in 1% of patients [ 158]. Most of these patients present
with pneumococcal meningitis and have received dexametha-
sone. Most experts believe that dexamethasone should therefore
be reintroduced when this rebound effect occurs without failure
of the antibiotic therapy.

13.2.2. Children or infants
Dexamethasone injection is recommended, just before or at
the same time as the first injection of antibiotics in case of:

e a suspicion of bacterial meningitis without microbiological
confirmation, but with an empirical antibiotic therapy deci-
sion taken in infants aged between 3 and 12 months. This
scenario is observed when:

o the indication for brain imaging delays the lumbar puncture
(neurological contraindications to the lumbar puncture)
(Question 1),

o the lumbar puncture is contraindicated for non-
neurological reasons (Question 1),

o turbid or even purulent CSF is observed at lumbar puncture,

o a negative direct examination of CSF is observed at lum-
bar puncture, but other CSF and blood biological findings
confirm the bacterial meningitis diagnosis;

e an initial microbiological diagnosis indicative of:

o pneumococcal bacterial meningitis (Binax positive and/or
Gram-positive cocci at CSF direct examination),

o H. influenzae bacterial meningitis (Gram-negative bacilli
at CSF direct examination).

The initial dose of dexamethasone in children is 0.15 mg/kg
every 6 hours, for 4 days.

The benefit of a corticosteroid therapy initiated after the
antibiotic therapy is not confirmed in children.
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This treatment is not recommended in immunocompromised
children and in those who previously received parenteral antibi-
otics. Dexamethasone should be discontinued when bacterial
meningitis is ruled out or when meningococcal or Listeria
meningitis is confirmed.

13.3. Should other urgent measures be introduced and
where should patients be managed?

13.3.1. Hospitalization ward

Patients presenting with a suspicion of bacterial meningitis
are usually admitted to the emergency department. Diagnosis
and treatment should be established and initiated in that depart-
ment. Patients are then admitted to health facilities with variable
means. Yet, the short-term outcome cannot be entirely predicted
even when the patient’s initial status is reassuring. The subse-
quent health facility should therefore be carefully chosen.

No objective criteria have been established to define a min-
imum qualitative standard as no study has ever compared
prognoses depending on the hospitalization ward. However,
admission criteria to the ICU have been suggested for children
[3.4] and adults [7,13,15]:

extensive purpura;

Glasgow score < &;

focal neurological signs;

signs of brainstem involvement, usually indicative of intracra-
nial hypertension: bradycardia, tachycardia, respiratory rate
abnormalities;

e status epilepticus;

e hemodynamic instability.

Consultation with the ICU team is recommended for all
patients, even in the absence of such criteria and irrespective of
the patient’s initial clinical status. In case of non-admission to the
ICU, patients should be admitted to a ward where close mon-
itoring of consciousness and hemodynamic parameters (every
hour) can be implemented the first 24 hours minimum.

13.3.2. Treatment of seizures

Seizures are observed in 6-13% of adults and 20-30% of
children at the initial phase of bacterial meningitis, most often
within a few hours of admission. Unlike seizures observed sev-
eral days after treatment initiation, early seizures in children are
not indicative of unfavorable outcome when short and gener-
alized [159]. Prolonged seizures may cause ischemic necrosis
lesions and destruction of cortical neurons especially in the
temporal lobe.

Seizure treatment — and consequently the (secondary)
prevention of recurrences — should rely on conventional
antiepileptic drugs (diphenylhydantoin or phenobarbital). The
benefit of antiepileptic drugs administered for primary pre-
vention has never been proven and such treatment cannot be
recommended considering available data.

13.3.3. Treatment of intracranial hypertension (ICH)

Symptomatic ICH is common in patients presenting with
meningitis and is associated with a higher risk of unfavorable
outcome and death [160,161].

Maintaining the cerebral perfusion pressure is crucial to the
management of bacterial meningitis at the acute phase, espe-
cially in case of severe presentations. The cerebral perfusion
pressure depends on the difference between mean blood pressure
and mean intracranial pressure.

Correction of low blood pressure initially relies on fluid
replacement. Antihypotensive or inotropic agents are recom-
mended in case of fluid replacement failure.

ICH decrease may be obtained with osmotic agents such as
mannitol, glycerol, or hypertonic saline solution. Only glycerol
has been recently assessed [162,163]. Peltola et al. included 654
children and randomized them into four treatment groups: IV
dexamethasone (0.15 mg/kg/6 h for 48 hours), oral glycerol or
via a feeding tube (1.5 mg/kg/8 h), administration of both prod-
ucts, or administration of double dummy. Mean Glasgow score
at admission was 12. The most frequently observed bacterium
in this study performed in South America was H. influenzae.
No significant difference was observed between groups in terms
of case fatality or overall risk of deafness. However, a signifi-
cant reduction in the risk of severe neurological sequelae was
observed in the glycerol group vs placebo (OR=0.31; 95%
CI=0.13-0.76; P=0.01) and to a lesser extent in the glyc-
erol + dexamethasone group (OR=0.39; 95% CI=0.17-0.95;
P =0.033). These results were not confirmed in an Indian study
including 58 children. Other studies are required to conclude
on the benefit of such treatment. The use of glycerol is not
recommended.

No human clinical data is available on the benefit of man-
nitol in the management of bacterial meningitis. A single
bolus could nevertheless be suggested in case of immediately
life-threatening ICH. The benefit of hypertonic saline solu-
tion, suggested in some experimental studies, has never been
assessed in a randomized study and therefore cannot be recom-
mended.

Severe ICH may also be treated as follows: rising the
patient’s head at 20-30°, sedation, mechanical ventilation [164].
Monitoring intracranial pressure may be discussed for the
most severe presentations. A prospective study including a
historical control group performed in Scandinavia with 105
adults, most of whom had pneumococcal meningitis, high-
lights the benefit of an ‘“aggressive” management based on
intracranial pressure level. This study also demonstrated that
intracranial pressure was>20mmHg in 35 of 52 patients
[165]. However, considering the absence of controlled studies,
systematic intracranial pressure measurement cannot be recom-
mended.

13.3.4. Preventing fluid and electrolyte disturbances, fever,
and hyperglycemia

Fluid restriction has long been suggested at the acute phase of
meningitis because of hyponatremia attributed to inappropriate
antidiuresis. A meta-analysis [166] including the three studies
assessing fluid restriction versus normal hydration demonstrated
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that fluid restriction was not associated with any benefit but
with a higher risk of neurological sequelae at three months
(RR 0.42; 95% CI 0.20-0.89). Conventional sodium and water
intake combined with daily monitoring of natremia and diure-
sis are recommended to detect and to treat truly inappropriate
antidiuresis.

No study focused on assessing the impact of an antipyretic
treatment. Fever should be monitored but it can be poorly tol-
erated and increase the risk of seizure in children. Temperature
of patients presenting with meningitis and severe intracranial
hypertension should be lowered as well as when fever is not well
tolerated, but physicians should not necessarily try to bring it
back to normal. Moderate hypothermia (34-36 °C) in adults pre-
senting with meningitis and coma is not recommended because
it may worsen the patient’s prognosis, as demonstrated in a
randomized study [167].

Elevated glycemia (>1.5g/l or 8.3 mmol/l) is observed in
more than one in two adult patients presenting with bacterial
meningitis [12]. Yet, hyperglycemia in patients presenting with
sepsis has deleterious effects on immunity and increases the
risk of thrombosis [ 168]. Several scientific societies recommend
using intravenous insulin therapy to lower the glycemia below
1.8 g/1 following hemodynamic stabilization in adult patients
presenting with sepsis [ 169]. It seems reasonable to comply with
this recommendation in case of bacterial meningitis and sepsis
in adults.

14. Question 4 — What is the subsequent management?

14.1. What is the antibiotic therapy and its duration after
the initial phase?

The initial treatment should be reevaluated daily based
on clinical outcome and as soon as the causative agent has
been identified; MICs for amoxicillin, ceftriaxone, and cefo-
taxime should be kept in mind. The microbiology laboratory
should immediately inform the medical team of the CSF
culture positivity and MICs as soon as they have been deter-
mined.

14.1.1. Documented pneumococcal meningitis

When the clinical outcome is favorable, the choice of the
antibiotic therapy depends on the pneumococcal MICs for 3GCs
and amoxicillin (Table 11):

e 3GC MICs <0.5mg/l:

o when the amoxicillin MICs are < 0.5 mg/1, the 3GC should
ideally be replaced by amoxicillin 200 mg/kg divided into
4 to 6 infusions/day or as a continuous administration. Oth-
erwise, the 3GC may be continued but dosage should be
adjusted to the 3GC MICs,

o the 3GC should be continued if the amoxicillin MICs
are >0.5 mg/l. The 3GC dose may be reduced (cefotaxime
to 200 mg/kg/day or ceftriaxone to 75 mg/kg/day);

e 3GCMICs>0.5mg/1 (1.5% of pneumococcal strains isolated

from invasive infections in France in 2014).

It is here recommended to:

e always perform a control lumbar puncture with CSF culture,
antibiotic concentration measurement in CSF and blood, and
dosing adjustment based on concentration results. Several
experts recommend always adding vancomycin for children
and infants while waiting for the CSF culture results following
control lumbar puncture;

e ask for the advice of an infectious disease specialist and a
microbiologist when the culture is positive.

When the clinical outcome is unfavorable after 48—72 hours
of treatment (no improvement of consciousness disorders and/or
signs of sepsis), systematic brain imaging is recommended (ide-
ally an MRI) to detect an empyema or intracranial complications
that could require surgery. Control lumbar puncture and CSF
culture are recommended in the absence of imaging abnormal-
ities explaining the unfavorable outcome. An additional CSF
sample should be collected to measure the 3GC concentration.
The antibiotic therapy should be optimized following advice
from the multidisciplinary team (infectious disease specialist
and microbiologist):

e checking whether the administered 3GC doses are optimal
(recommended dose and administration modalities, concen-
tration/MIC ratio);

e choosing the 3GC with the lowest MIC;

e discussing whether a second antibiotic should be added:
rifampicin (10 mg/kg every 12hours in adults, or 20 mg/kg
every 12hours in children) or vancomycin (loading dose
of 30mg/kg over one hour, and then daily dose of
40-60 mg/kg/day to be adjusted to obtain residual plasma
concentrations between 15 and 20 mg/l) or combination of
vancomycin and rifampicin (no resistance to rifampicin and
vancomycin among pneumococcal strains isolated in France
in 2014).

Analyzing the cause of microbiological failures documented
with the non-sterilization of the CSF culture after 48 hours
of treatment for pneumococcal meningitis is recommended.
The analysis should for instance check the compliance with
guidelines (time to treatment initiation, adequate doses and
administration modalities for the prescribed 3GC), look for
undrained infectious sites (empyema, ventriculitis, suppurative
otitis media, sinusitis), and measure the 3GC concentration in
CSF and put it into perspective with the isolated pneumococcal
MIC.

Guidelines on antibiotic therapy duration for pneumococcal
meningitis are mainly based on treatment habits and experts’
advice because randomized studies are lacking. Treatment
should be discontinued after 10 to 14 days: after 10 days in case
of rapidly favorable outcome (within the first 48 hours) and in
case of beta-lactam-susceptible pneumococcal meningitis (3GC
MIC < 0.5 mg/l); after 14 days when both of these criteria are
missing.
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Antibiotic therapy switch for community-acquired bacterial meningitis following microbiological documentation.
Traitement antibiotique des méningites bactériennes communautaires de relais apres documentation microbiologique.

Bacteria, susceptibility

Antibiotic therapy®

Total duration

Alternatives

Streptococcus pneumoniae®

Cephalosporin MIC (cefotaxime or
ceftriaxone depending on the 3GC
received) < 0.5 mg/l

If amoxicillin MIC < 0.5 mg/1 Preferably, IV amoxicillin 200 mg/kg/day 10-14 days® Combination of vancomycin
or continuation of 3GC, but reduction of the cefotaxime and rifampicin
dosage to 200 mg/kg/day or of the ceftriaxone dosage to
75 mg/kg/day (because 3GC MIC < 0.5 mg/l)
If amoxicillin MIC > 0.5 mg/1 IV cefotaxime: 200 mg/kg/day (because 3GC 10-14 days® Combination of vancomycin
MIC < 0.5 mg/l) and rifampicin
or
IV ceftriaxone: 75 mg/kg/day (because 3GC
MIC < 0.5 mg/1)
Cephalosporin MIC (cefotaxime or IV cefotaxime: 300 mg/kg/day or Combination of vancomycin
ceftriaxone depending on the 3GC IV ceftriaxone: 100 mg/kg/day and rifampicin
received) > 0.5 mg/l A new lumbar puncture is required when the MIC
is>0.5 mg/1 with another CSF culture and antibiotic
concentration measurement?
Neisseria meningitidis
Amoxicillin MIC < 0.125 mg/1 Amoxicillin or continuation of 3GC 5-7 days® Ciprofloxacin
Amoxicillin MIC >0.125 mg/1 IV cefotaxime 200 mg/kg/day or
IV ceftriaxone 75 mg/kg/day
Listeria monocytogenes Amoxicillin combined with gentamicin, 5 mg/kg/day as one 14-21 days Trimethoprim-
IV infusion over 30 minutes for the first five days sulfamethoxazole
Streptococcus agalactiae IV amoxicillin 200 mg/kg/day 14-21 days Combination of vancomycin
AND rifampicin
Escherichia coli Cefotaxime or ceftriaxone 21 days Advice of the infectious
Advice of the infectious disease specialist in case of ESBL disease specialist
suspicion’
Haemophilus influenzae Cefotaxime or ceftriaxone 7 days Ciprofloxacin

History of anaphylactic shock due to penicillin: the “introduction of a 3GC with ICU monitoring” or the “combination of vancomycin/rifampicin” should be discussed
depending on the benefit-risk ratio (risk of cross allergy versus use of a probably less effective two-drug combination therapy). History of anaphylactic shock due to
a 3GC: contraindications to 3GCs, unless expert advice. Antibiotic therapy duration: lower end of the range in case of favorable outcome. Administration modalities:
amoxicillin: 4 to 6 infusions or continuous administration; cefotaxime: 4 to 6 infusions or continuous administration; maximum daily dose: cefotaxime = 12 g/day
in children; ceftriaxone: 1 or 2 infusions; maximum daily dose: ceftriaxone =4 g/day in children; meropenem: 40 mg/kg three times daily as infusions of 3—4 hours
each; maximum daily dose: meropenem =6 g/day in children. Renal failure: cefotaxime: same dose during the first 24 hours; after 24 hours, 25% reduction for
GFR of 30-60 ml/min, 50% reduction for GFR of 15-30 ml/min, 75% reduction for GFR lower than 15 ml/min. High antibiotic doses should not be adjusted in
patients receiving continuous hemofiltration. For ceftriaxone, if the creatinine clearance is <30 ml/min: same dose during the first 24 hours (as 2 injections/24 h);
after 24 hours, 50% reduction of the dose which is administered once; no dosing adjustment if creatinine clearance > 30 ml/min.

2 If the dose is not indicated, please refer to Table 1.

b Susceptibility to both 3GCs (cefotaxime and ceftriaxone) should be tested if one of them has MICs > 0.5 mg/1, as MICs may differ.

¢ Rather 10 days in case of rapidly favorable outcome (within the first 48 hours) and pneumococci susceptible to the 3GC used (MIC < 0.5 mg/1); expert advice if
MIC > 0.5 mg/1 for both 3GCs.

4 Some experts recommend the systematic addition of vancomycin in children until results of the CSF culture following control lumbar puncture at 48 hours
are available; if the CSF culture is positive, the 3GC-vancomycin or 3GC-rifampicin or vancomycin-rifampicin combination — depending on MICs — should be
continued or the 3GC should be replaced by meropenem 40 mg/kg three times daily — to be discussed with the infectious disease specialist and the microbiologist.

¢ Rather 5 days with a rapidly favorable outcome (within the first 48 hours).

f ESBL: meropenem 40 mg/kg three times daily as a slow IV infusion and expert advice.

14.1.2. Documented meningococcal meningitis

When the clinical outcome is favorable, 3GC doses should not
exceed 200 mg/kg/day for cefotaxime and 75 mg/kg/day for cef-
triaxone (Table 11). When the amoxicillin MIC is < 0.125 mg/l,
the 3GC may be replaced by amoxicillin 200 mg/kg divided into
4 to 6 infusions/day or as a continuous administration. However,
the short treatment duration of meningococcal meningitis does
not require antibiotic de-escalation in this specific case.

Treatment should be discontinued after 4 to 7 days (4 days
in case of rapidly favorable outcome with apyrexia within
48 hours).

No additional treatment for pharyngeal decontamination is
indicated when patients have received at least 24 hours of 3GC
treatment (i.e., all patients if initial recommendations have been
followed).

14.1.3. Documented L. monocytogenes meningitis

The antibiotic therapy relies on the combination of amoxi-
cillin 200 mg/kg divided into 4 to 6 infusions/day or as a contin-
uous administration for a total duration of 21 days (reduced to 14
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days in case of favorable outcome), and gentamicin 5 mg/kg/day
as a single 30-minute infusion the first five days (Table 11).

14.1.4. Other bacteria
Antibiotic treatments for other bacteria are displayed in
Table 11.

14.1.5. Management strategies in the absence of
microbiological documentation (sterile CSF and blood
cultures at 48-72 hours; negative direct examination)

Several scenarios may be considered.

In case of favorable clinical outcome within the first 48 hours
of the antibiotic therapy and if the initial CSF has been col-
lected while the patient had already received prior antibiotic
therapy, the diagnosis may be a partially treated bacterial menin-
gitis. When the bacterial meningitis diagnosis is still considered
(absence of alternative diagnosis; suggestive initial symptoms),
the initial antibiotic therapy is continued for 14 days.

In case of unfavorable clinical outcome after 48—72 hours of
treatment (no improvement of consciousness disorders and/or
signs of sepsis), brain imaging should always be performed. In
the absence of contraindication, a control lumbar puncture is
recommended. If the second CSF analysis is still indicative of
bacterial meningitis, one should rule out listeriosis or tubercu-
losis as 3GCs are not active against these bacteria and as they
are difficult to identify.

Considering the diagnostic progress made over the past
years, the absence of microbiological documentation should lead
physicians to reconsider bacterial meningitis and to consider the
main differential diagnoses: viral meningitis (enterovirus, her-
pes virus, HIV), drug-induced meningitis (NSAIDs, antibiotics,
IV immunoglobulins, etc.), inflammatory meningitis (lupus, sar-
coidosis, Behget’s disease, Kawasaki disease), cerebral venous
sinus thrombosis, infectious site next to the meninges (epiduri-
tis, spondylodiscitis, brain abscesses, empyema). Spirochaeta
meningitis (Lyme disease, syphilis, leptospirosis) should be
looked for by serological tests (£ PCR) in case of a suspected
source of contamination. Advice from a specialist (infectious
disease specialist, neurologist, internal medicine specialist) is
always welcome.

14.2. What are the benefits of and indications for
cerebrospinal fluid control?

The main objective of CSF control testing is to check whether
it is sterile (Table 12).

Sterilization is rapidly obtained with N. meningitidis: less
than two hours are required according to a study including
patients treated with a 3GC [116]. As for other bacteria, CSF
culture is usually sterile after 24 hours of an adequate antibiotic
treatment [170]. A significant modification of CSF cytological
and biochemical parameters is also observed after 48 hours of
treatment [ 171], but no data is available to conclude on treatment
modifications.

In case of favorable clinical outcome, routine CSF con-
trol should only be performed in patients presenting with
pneumococcal meningitis with MICs for the prescribed

cephalosporin > 0.5 mg/l. CSF control may be performed after
48-72 hours of treatment for meningitis caused by unusual bac-
teria (other than S. pneumoniae, N. meningitidis, Haemophilus,
and Listeria).

In case of unfavorable clinical outcome after 4872 hours of
treatment (no improvement of consciousness disorders and/or
signs of sepsis), systematic brain imaging is recommended to
detect an empyema or intracranial complications. A control lum-
bar puncture is recommended in the absence of abnormalities
explaining the unfavorable outcome at brain MRI. An addi-
tional CSF sample should be collected to measure the 3GC
concentration.

Clinical worsening should lead physicians to perform a lum-
bar puncture after brain imaging and to discuss the potential need
for additional CSF investigations, jointly with the microbiology
laboratory.

14.3. When are imaging tests indicated?

Brain imaging during treatment helps diagnose peri- or intra-
parenchymatous complications and potential bone and dura
mater abnormalities that may increase the risk of recurrence
(Table 13). This imaging test may also lead to changing the
initial diagnosis if doubts remain.

The main complications of bacterial meningitis observed
at brain imaging are directly linked to the bacterial infection
(intraparenchymal abscess, subdural empyema, bone or inner
ear bacterial infection) or are a consequence of it (stroke asso-
ciated with vasculitis, insudation/ischemia associated with vein
thrombosis, ventricular dilatation and dilatation of subarachnoid
spaces). Few articles systematically and prospectively assessed
the incidence and time to onset of these complications, their
clinical signs, and the outcome. A prospective study of 86
adults presenting with pneumococcal meningitis reported arte-
rial involvement (assessed by CT scan) in 22% of cases and
vein thrombosis in 10% of cases. Cerebral edema was observed
in 29% of cases, hemorrhage in 9% of cases, and hydrocephalus
in 16% of cases [172]. The authors of that study reported 80%
of complications during the first seven days and half of them
during the first three days [173]. Another observational study
of 696 adult bacterial meningitis episodes reported empyema or
cerebritis observed by CT scan in 3.5% of cases [12].

Brain imaging performed to look for complications should
not be systematic in patients presenting with pneumococcal or
meningococcal meningitis with favorable outcome. It is rarely
urgent, but treatment decisions may be taken after brain imag-
ing: very rare neurosurgical procedures (3% in the prospective
study of 87 patients) or treatment changes (extended antibiotic
treatment or even anticoagulant treatment administration).

The main clinical signs requiring brain imaging are:

e onset of new neurological signs: seizures, paralysis (hemi-
paresis, tetraparesis, paralysis of the cranial nerves except
for isolated paralysis of the sixth cranial nerve), increased
severity of cephalgia, change in vision;
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Table 12
Indications for the control lumbar puncture.
Indications a une ponction lombaire de contréle.

Outcome Microorganisms Rationale Time

Favorable Streptococcus pneumoniae Only if 3GC MIC > 0.5 mg/1 48-72 hours of treatment
Bacteria other than Streptococcus Systematic 4872 hours of treatment
pneumoniae, Neisseria meningitidis,
Haemophilus, and Listeria monocytogenes

Unfavorable Irrespective of the microorganism Systematic After brain imaging if

contraindication to an immediate
lumbar puncture

Systematic cytological and biochemical analyses and culture. Antibiotic concentration measurement in CSF and blood should be concomitantly performed.

Table 13

Indications for brain imaging in patients presenting with bacterial meningitis.
Indications a I'imagerie cérébrale au cours des méningites bactériennes.

Situations

Notes

Before lumbar puncture

In case of neurological contraindications
to the lumbar puncture
After lumbar puncture

Should be systematically performed
during patient management

Occasional indications

Portal of entry investigation

Breach investigation

Streptococcus pneumoniae meningitis and otitis, sinusitis,
or mastoiditis

Bacterial meningitis caused by a bacterium other than
Streptococcus pneumoniae or Neisseria meningitidis
Unexplained persistence of fever>38.5 °C, consciousness
disorders, and severe cephalgia after 48—72 hours of
treatment

Onset of localization signs or consciousness disorders or
seizures or unexplained fever

No portal of entry observed for pneumococcal meningitis
Brain or spinal imaging is required to look for dermal sinus
in children presenting with bacterial meningitis caused by
staphylococci, Enterobacteriaceae, or multiple bacteria
Bacterial meningitis in patients with a history of brain injury

One pair of blood culture, corticosteroids,
and antibiotic therapy before brain imaging

e unexplained persistence of fever>38.5°C, consciousness
disorders, and severe cephalgia after 48—72 hours of treat-
ment;

e rapid increase of head circumference in newborns.

The prospective Dutch study of 696 adults presenting with
bacterial meningitis reported seizures in 15% of patients (24%
in those presenting with a pneumococcal infection) and focal
deficits in 50% of patients (65% in those presenting with a
pneumococcal infection) [12].

Brain imaging should always be performed in the following
cases:

e meningitis caused by a bacterium other than S. pneumoniae
or N. meningitidis;

e pneumococcal meningitis in children, especially after 2 years
of age, in the absence of ENT bacterial infection or if the
causative serotype was included in the vaccine administered
to the child. Brain imaging here aims to look for a breach in
the meninges.

Brain MRI with injection of contrast media and, if required,
magnetic resonance angiography is the best examination to look

for abnormalities of the brain parenchyma and/or of its vascu-
larization, although no recent prospective study has assessed its
sensitivity and specificity in the diagnosis of each complication
mentioned.

When the MRI cannot be easily performed or puts the patient
at risk, a CT scan with injection of contrast media should be
performed as it helps diagnose most complications, although
its sensitivity and specificity have never been officially mea-
sured.

Brain imaging during the early follow-up of bacterial menin-
gitis helps look for acquired or congenital bone and dura mater
lesions or chronic infections of the inner ear and mastoiditis
to prevent recurrences. These lesions and infections should be
clinically looked for in children and adults presenting with pneu-
mococcal meningitis and in adults presenting with Haemophilus
meningitis.

Factors associated with a bone and dura mater breach requir-
ing an imaging test are severe head injury, especially if sustained
in the previous months, recurrence of bacterial meningitis, his-
tory of neurosurgical procedure, pituitary gland surgery or some
ENT procedures, rhinorrhea, or CSF otorrhea. Breach investi-
gation should always be performed during the recovery phase in
those cases.
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Brain or spinal imaging is required to look for congenital der-
mal sinus in children presenting with bacterial meningitis caused
by staphylococci, Enterobacteriaceae, or multiple bacteria.

The diagnostic strategy relies on the clinical evaluation
(including ENT evaluation) and on the MRI or CT scan with
bone window and axial and frontal millimetric views, especially
of the cribriform plate and ethmoid roof depending on cases.

14.4. How is the infection portal of entry managed?

ENT portals of entry, reported in 25% of cases (adults
and children) [30,31], should always be looked for in case of
community-acquired bacterial meningitis [77,78]. A prospec-
tive study performed in the Netherlands between 2006 and 2014
in patients aged above 16 years reported an ENT portal of entry
(otitis or sinusitis) in 34% of patients presenting with menin-
gitis (386/1,125). ENT-related meningitis cases reported in this
study were associated with better prognosis (P=0.041) [71].
They include otological, nasal and sinus sites. Their treatment
depends on the etiology and sometimes requires drainage of
purulent fluid associated with closure of the breach, if required.
All purulent fluids should be microbiologically analyzed.

The systematic clinical examination of bacterial meningitis
should look for hearing loss, otalgia, and otorrhea and requires
otoscopy to confirm the purulent fluid or the perforation. The
nasal cavity should also be examined to look for nasal and sinus
discharge. Otological causes should be distinguished from nasal
and sinus causes.

Otological causes: potential sources of infection are acute
otitis media, mastoiditis (although more rarely), otitis media
with cholesteatoma, osteomyelitis of the base of the skull [174].
Post-traumatic or post-surgical CSF discharge may be observed
in the middle or inner ear, with abscess behind the eardrum or
discharge through the ear canal if perforated [175].

The management of otological causes requires the advice of
an ENT specialist:

e in case of ENT infection site suspicion;

o for acute otitis media: paracentesis is recommended as soon
as possible to drain purulent fluids and to perform the bacte-
riological analysis;

e for acute mastoiditis: the current treatment combines antibi-
otics and drainage of the middle ear with paracentesis; surgery
(mastoidectomy) may be indicated in case of unfavorable out-
come after 48 hours. In case of chronic otitis (cholesteatoma
mainly), specialized assessment and surgery should be con-
sidered at the end of the meningitis treatment;

e CSF discharge may spontaneously stop. If not, the breach
— diagnosed by endoscopy, CT scan, or MRI — should be
closed.

Nasal and sinus causes: bacterial sinusitis is most com-
mon. Post-traumatic or post-surgical rhinorrhea is also observed,
although more rarely.

Sinusitis associated with bacterial meningitis is often frontal
or ethmoid. It may be previously known or diagnosed during
the course of bacterial meningitis. The CT scan confirms the

presence of fluids and involvement of bone structures, mainly
with sphenoidal localizations.

The MRI may be useful when cavernous sinus thrombosis
is suspected. Ethmoiditis mainly presents as ocular signs (ocu-
lomotor palsy, sometimes mydriasis) and the CT scan is very
helpful [176].

CSF rhinorrhea, usually unilateral, may be spontaneous or
triggered by head movements or abdominal compression. The
CSF analysis confirms the presence of glucose. Nasal endoscopy
helps identify and localize the site of discharge. A potential
breach should be looked for at MRI and/or CT scan with bone
window and axial and frontal millimetric views, especially of
the cribriform plate and ethmoid roof depending on cases (neu-
rological advice required).

Management of nasal and sinus causes:

e drainage of sinus sites should be performed in case of fluid
persistence or when the patient’s general status is worrying
despite antibiotic therapy administration. Endonasal drainage
should be preferred but the surgical procedure may be dis-
cussed depending on the sinus localization;

e when rhinorrhea does not spontaneously stop, the breach
should be closed through the endonasal or external route
depending on the localization or size of the breach [177,178].

When a breach is observed, antipneumococcal vaccination is
recommended as suggested in the vaccination calendar for peo-
ple at high risk of invasive pneumococcal infection (i.e., initial
administration of the conjugate vaccine followed by the polysac-
charide vaccine two months later) [179]. There is no indication
for antibiotic prophylaxis or for continuing the curative antibi-
otic therapy before closing the breach. Breach closure should be
performed as soon as possible. There is, however, no consensus
on the optimal time to surgical procedure.

14.5. What is the follow-up for each type of patients?

Pediatric and adult meningitis are associated with high case
fatality and a high rate of neurological sequelae, despite good
quality of care at the acute phase. The case fatality of pneu-
mococcal meningitis is 11-37% (higher among adults) and
neurological sequelae are observed in 30-50% of surviving
patients. The rate of sequelae is also higher in adults than in
children.

Neurological, hearing, cognitive, and psychological sequelae
are common: 29-70% depending on studies [180].

Van de Beek’s study [12] of adult patients uses the Glasgow
Outcome Scale (GOS) at the end of meningitis. Score 1: death,
2: vegetative state without interaction with close relatives, 3:
inability to live independently but responds to instructions, 4:
moderate disability, independent living without work resump-
tion, 5: mild or absent disability. The authors reported 21% of
deceased patients, 13% of patients presenting with severe or
moderate sequelae with hearing loss in 22% of surviving patients
(mild: 31%; moderate: 21%; severe: 17%; or very severe: 31%;
and unilateral in a third of cases). Long-term cognitive seque-
lae may also be observed in adults. A subgroup of patients who
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presented with pneumococcal meningitis with a GOS score of 5
at discharge were reevaluated several months later [181]. Cog-
nitive impairment was observed in 27% of them, with decreased
quality of life.

A meta-analysis of 1109 pediatric patients reported an 82.5%
survival rate among children and major sequelae in 15% of
cases — hearing loss 10.5%, including 5% of severe hearing loss,
learning disability (4.2%), motor impairment (3.5%), seizures
(4.2%) [182]. Case fatality and sequelae rates are higher in
patients presenting with pneumococcal meningitis [182].

Some complications only observed in young children may
improve over time. The authors of another study reported that
out of 37% of children presenting with abnormalities at the end
of meningitis, improvement was observed in many of them with
10% of hearing losses and 4% of neurological disorders at one
year [183].

Pediatric hearing loss is observed at the early stage of menin-
gitis and may be temporary or definitive. Inner ear impairment
with cochlear ossification may be observed in the weeks follow-
ing meningitis. The rate of hearing loss ranges from 10% to 13%
depending on studies — lower than in adults — and depends on
the causative agent (S. pneumoniae: 33%, N. meningitidis: 5%)
[184].

Several studies suggest that some factors observed at admis-
sion are associated with the onset of sequelae: patient’s
characteristics (elderly or children aged below one year),
causative agent (S. pneumoniae, resistance to antibiotics),
clinical signs of severity especially consciousness disorders,
neurological complications (focal signs, cerebral edema, paral-
ysis of the cranial nerves — except for paralysis of the eighth
cranial nerve), hemodynamic signs (septic shock), biological
signs such as low cellular reaction, high bacterial load in CSF,
positive blood cultures [172,185].

Seizures at admission are not indicative of poor prognosis,
unlike late onset of seizures, prolonged seizures, or focal seizures
persisting after discharge.

Considering the lack of data, all patients should be followed
up after hospital discharge.

A neurological clinical examination should be performed
before hospital discharge in children and adults.

An age-specific hearing test is recommended at the lat-
est 15 days after treatment completion for pneumococcal or
Haemophilus meningitis. Patients presenting with severe hear-
ing loss should be rapidly referred to an ENT specialist to look
for early cochlear ossification at MRI. Depending on the eval-
uation findings, cochlear implants may be rapidly required in
children [186]. When implants are required, antipneumococ-
cal vaccination is recommended as soon as possible as per the
suggested vaccination schedule in the vaccination calendar for
people at high risk of pneumococcal invasive infections [179].

Diseases or abnormalities that may have contributed to bac-
terial meningitis should be looked for, such as splenectomy or
asplenia, sickle cell anemia, beta-thalassemia [76,187]. Predis-
posing chronic or immune diseases are observed in 10—45% of
adult or pediatric studies [188,189].

In adults, diseases such as diabetes, chronic alcoholism, can-
cer, cirrhosis, hemopathy, and HIV infection should be looked

for. Electrophoresis of plasma protein should also be performed
in case of pneumococcal meningitis.

Severe infections in children should lead physicians to look
for an immunodeficiency. They may start with a complete blood
count to look for Jolly bodies, serum IgG, IgA, and [gM measure-
ment, and vaccinal serologies. Evaluation of the complement
level is essential in case of meningococcal meningitis and should
be performed when the first episode is observed. Specialist’s
advice is recommended in children and young adults to discuss
immunological investigations in case of a history of severe bacte-
rial infection in children or among brothers and sisters, recurrent
meningitis, vaccinal serotype meningitis in vaccinated children
(conjugate vaccine against S. pneumoniae, Haemophilus, or
N. meningitidis), or unusual bacterial infections including rare
serogroup meningococcal infections (Y, W135, X, and Z).

14.5.1. One month after hospital discharge

A neurological examination is recommended, and hearing
loss should be looked for.

When an antiepileptic treatment has been initiated at the
acute phase and if no other episode has been observed, an elec-
troencephalography should be performed, and the antiepileptic
treatment may be discontinued based on the advice of the neu-
rologist or neuropediatrician. Head circumference should be
monitored in infants.

14.5.2. Up to one year following meningitis onset

Hearing tests should be performed every three months in
children. These tests may be performed by the child’s family
(whispering) and by the family physician or pediatrician. Par-
ents should also inform the child’s teacher about any hearing
disorder.

Adaptive capacities of adults should be assessed, and qual-
ity of life and depression scales should be used to distinguish
hearing loss, cognitive sequelae, and depression.

14.5.3. More than one year following meningitis onset
(children)

Family physicians or pediatricians should also monitor the
child’s school adjustment.

Fundings

French infectious diseases society (SPILF).

Disclosure of interest

The authors declare that they have no competing interest.

References

[1] Saez-Llorens X, McCracken Jr GH. Bacterial meningitis in children.
Lancet 2003;361:2139-48.

[2] Pantell RH, Newman TB, Bernzweig J, Bergman DA, Takayama JI, Segal
M, et al. Management and outcomes of care of fever in early infancy.
JAMA 2004;291:1203-12.

Please cite this article in press as: Hoen B, et al. Management of acute community-acquired bacterial meningitis (excluding newborns). Long
version with arguments. Med Mal Infect (2019), https://doi.org/10.1016/j.medmal.2019.03.009



https://doi.org/10.1016/j.medmal.2019.03.009
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0950
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0950
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0950
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0950
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0950
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0950
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0950
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0950
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0950
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0950
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0950
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0950
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0950
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0950
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0955

+Model
MEDMAL-4114; No.of Pages37

B. Hoen et al. / Médecine et maladies infectieuses xxx (2019) xxx—xxx 33

[3] Feigin R, Pearlman E. Bacterial meningitis beyond the neonatal period.
Textbook of pediatric infectious diseases. 3rd ed. Philadelphia: WB
Sanders; 1992.

[4] Thompson MJ, Ninis N, Perera R, Mayon-White R, Phillips C, Bailey
L, et al. Clinical recognition of meningococcal disease in children and
adolescents. Lancet 2006;367:397-403.

[5] Guedj R, Chappuy H, Titomanlio L, Trieu TV, Biscardi S, Nissack-
Obiketeki G, et al. Risk of bacterial meningitis in children 6 to 11 months
of age with a first simple febrile seizure: a retrospective, cross-sectional,
observational study. Acad Emerg Med 2015;22:1290-7.

[6] Najaf-Zadeh A, Dubos F, Hue V, Pruvost I, Bennour A, Martinot A.
Risk of bacterial meningitis in young children with a first seizure in
the context of fever: a systematic review and meta-analysis. PLoS One
2013;8:55270.

[7] Attia J, Hatala R, Cook DJ, Wong JG. The rational clinical examination.
Does this adult patient have acute meningitis? JAMA 1999;282:175-81.

[8] Bodilsen J, Dalager-Pedersen M, Schonheyder HC, Nielsen H. Dex-
amethasone treatment and prognostic factors in community-acquired
bacterial meningitis: a Danish retrospective population-based cohort
study. Scand J Infect Dis 2014;46:418-25.

[9] Dauchy FA, Gruson D, Chene G, Viot J, Bebear C, Maugein J, et al.
Prognostic factors in adult community-acquired bacterial meningitis: a 4-
year retrospective study. Eur J Clin Microbiol Infect Dis 2007;26:743—6.

[10] Domingo P, Pomar V, Benito N, Coll P. The changing pattern of bacte-
rial meningitis in adult patients at a large tertiary university hospital in
Barcelona, Spain (1982-2010). J Infect 2013;66:147-54.

[11] Sigurdardottir B, Bjornsson OM, Jonsdottir KE, Erlendsdottir H, Gud-
mundsson S. Acute bacterial meningitis in adults. A 20-year overview.
Arch Intern Med 1997;157:425-30.

[12] van de Beek D, de Gans J, Spanjaard L, Weisfelt M, Reitsma JB, Ver-
meulen M. Clinical features and prognostic factors in adults with bacterial
meningitis. N Engl J Med 2004;351:1849-59.

[13] Thomas KE, Hasbun R, Jekel J, Quagliarello VJ. The diagnostic accuracy
of Kernig’s sign, Brudzinski’s sign, and nuchal rigidity in adults with
suspected meningitis. Clin Infect Dis 2002;35:46-52.

[14] Nakao JH, Jafri FN, Shah K, Newman DH. Jolt accentuation of headache
and other clinical signs: poor predictors of meningitis in adults. Am J
Emerg Med 2014;32:24-8.

[15] Uchihara T, Tsukagoshi H. Jolt accentuation of headache: the most sen-
sitive sign of CSF pleocytosis. Headache 1991;31:167-71.

[16] Ning S, Kerbel B, Callum J, Lin Y. Safety of lumbar punctures in patients
with thrombocytopenia. Vox Sang 2016;110:393-400.

[17] Chevallier S, Monti M, Michel P, Vollenweider P. [Lumbar puncture].
Rev Med Suisse 2008;4:2312—4 [2316-8].

[18] Heitz C, Lorette A, Julian A, Roubaud C, Paquet C. [Lumbar punc-
ture practice in case of hemorrhagic or ischemic risk: a national opinion
survey]. Rev Neurol (Paris) 2014;170:685-92.

[19] La Scolea Jr LJ, Dryja D. Quantitation of bacteria in cerebrospinal fluid
and blood of children with meningitis and its diagnostic significance. J
Clin Microbiol 1984;19:187-90.

[20] Arevalo CE, Barnes PF, Duda M, Leedom JM. Cerebrospinal fluid
cell counts and chemistries in bacterial meningitis. South Med J
1989;82:1122-7.

[21] Coll MT, Uriz MS, Pineda V, Fontanals D, Bella F, Nava JM, et al.
Meningococcal meningitis with ‘normal’ cerebrospinal fluid. J Infect
1994;29:289-94.

[22] Karandanis D, Shulman JA. Recent survey of infectious meningitis in
adults: review of laboratory findings in bacterial, tuberculous, and aseptic
meningitis. South Med J 1976;69:449-57.

[23] Jarvis CW, Saxena KM. Does prior antibiotic treatment hamper the
diagnosis of acute bacterial meningitis? An analysis of a series of
135 childhood cases. Clin Pediatr (Phila) 1972;11:201-4.

[24] Samra Z, Shmuely H, Nahum E, Paghis D, Ben-Ari J. Use of the NOW
Streptococcus pneumoniae urinary antigen test in cerebrospinal fluid for
rapid diagnosis of pneumococcal meningitis. Diagn Microbiol Infect Dis
2003;45:237-40.

[25] Brink M, Welinder-Olsson C, Hagberg L. Time window for positive cere-
brospinal fluid broad-range bacterial PCR and Streptococcus pneumoniae

immunochromatographic test in acute bacterial meningitis. Infect Dis
(Lond) 2015;47:869-77.

[26] MoisiJC, Saha SK, Falade AG, Njanpop-Lafourcade BM, Oundo J, Zaidi
AK, etal. Enhanced diagnosis of pneumococcal meningitis with use of the
Binax NOW immunochromatographic test of Streptococcus pneumoniae
antigen: a multisite study. Clin Infect Dis 2009;48(Suppl. 2):S49-56.

[27] Saha SK, Darmstadt GL, Yamanaka N, Billal DS, Nasreen T, Islam M,
et al. Rapid diagnosis of pneumococcal meningitis: implications for treat-
ment and measuring disease burden. Pediatr Infect Dis J 2005;24:1093-8.

[28] Comité de I’ Antibiogramme de la Société francaise de microbiologie :
C.J. Soussy; 2006.

[29] Instruction n® DGS/RI1/DUS/2014/301 du 24 octobre 2014 rel-
ative a la prophylaxie des infections invasives & méningocoque;
2014  https://www.solidarites-santegouvfr/fichiers/bo/2014/14-12/ste_
20140012_0000-0076pdf.

[30] Tunkel AR, Hartman BJ, Kaplan SL, Kaufman BA, Roos KL, Scheld WM,
etal. Practice guidelines for the management of bacterial meningitis. Clin
Infect Dis 2004;39:1267-84.

[31] Huy NT, Thao NT, Diep DT, Kikuchi M, Zamora J, Hirayama K.
Cerebrospinal fluid lactate concentration to distinguish bacterial from
aseptic meningitis: a systemic review and meta-analysis. Crit Care 2010;
14:R240.

[32] Sakushima K, Hayashino Y, Kawaguchi T, Jackson JL, Fukuhara S.
Diagnostic accuracy of cerebrospinal fluid lactate for differentiating
bacterial meningitis from aseptic meningitis: a meta-analysis. J Infect
2011;62:255-62.

[33] Giulieri S, Chapuis-Taillard C, Jaton K, Cometta A, Chuard C, Hugli O,
et al. CSF lactate for accurate diagnosis of community-acquired bacterial
meningitis. Eur J Clin Microbiol Infect Dis 2011;34:2049-55.

[34] Viallon A, Desseigne N, Marjollet O, Birynczyk A, Belin M, Guyomarch
S, et al. Meningitis in adult patients with a negative direct cerebrospinal
fluid examination: value of cytochemical markers for differential diagno-
sis. Crit Care 2011;15:R136.

[35] Abdelkader NA, Mahmoud WA, Saber SM. Serum procalcitonin in Egyp-
tian patients with acute meningitis and a negative direct cerebrospinal fluid
examination. J Infect Public Health 2014;7:106-13.

[36] Konstantinidis T, Cassimos D, Gioka T, Tsigalou C, Parasidis T, Alexan-
dropoulou I, et al. Can procalcitonin in cerebrospinal fluid be a diagnostic
tool for meningitis? J Clin Lab Anal 2015;29:169-74.

[37] Shen HY, Gao W, Cheng JJ, Zhao SD, Sun Y, Han ZJ, et al. Direct
comparison of the diagnostic accuracy between blood and cerebrospinal
fluid procalcitonin levels in patients with meningitis. Clin Biochem
2015;48:1079-82.

[38] VikseJ, Henry BM, Roy J, Ramakrishnan PK, Tomaszewski KA, Walocha
JA. The role of serum procalcitonin in the diagnosis of bacterial menin-
gitis in adults: a systematic review and meta-analysis. Int J Infect Dis
2015;38:68-76.

[39] Bonsu BK, Harper MB. Differentiating acute bacterial meningitis from
acute viral meningitis among children with cerebrospinal fluid pleocy-
tosis: a multivariable regression model. Pediatr Infect Dis J 2004;23:
511-7.

[40] Bonsu BK, Ortega HW, Marcon MJ, Harper MB. A decision rule for
predicting bacterial meningitis in children with cerebrospinal fluid pleo-
cytosis when gram stain is negative or unavailable. Acad Emerg Med
2008;15:437-44.

[41] Chavanet P, Schaller C, Levy C, Flores-Cordero J, Arens M, Piroth L,
et al. Performance of a predictive rule to distinguish bacterial and viral
meningitis. J Infect 2007;54:328-36.

[42] Dubos F, Moulin F, Raymond J, Gendrel D, Breart G, Chalumeau M. [Dis-
tinction between bacterial and aseptic meningitis in children: refinement
of a clinical decision rule]. Arch Pediatr 2007;14:434-8.

[43] Hoen B, Viel JF, Paquot C, Gerard A, Canton P. Multivariate approach
to differential diagnosis of acute meningitis. Eur J Clin Microbiol Infect
Dis 1995;14:267-74.

[44] Jaeger F, Leroy J, Duchene F, Baty V, Baillet S, Estavoyer JM, et al. Valida-
tion of a diagnosis model for differentiating bacterial from viral meningitis
in infants and children under 3.5 years of age. Eur J Clin Microbiol Infect
Dis 2000;19:418-21.

Please cite this article in press as: Hoen B, et al. Management of acute community-acquired bacterial meningitis (excluding newborns). Long
version with arguments. Med Mal Infect (2019), https://doi.org/10.1016/j.medmal.2019.03.009



https://doi.org/10.1016/j.medmal.2019.03.009
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0960
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0960
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0960
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0960
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0960
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0960
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0960
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0960
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0960
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0960
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0960
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0960
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0960
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0960
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0960
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0960
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0960
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0960
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0960
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0960
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0960
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0960
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0960
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0960
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0965
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0965
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0965
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0965
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0965
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0965
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0965
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0965
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0965
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0965
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0965
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0965
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0965
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0965
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0965
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0965
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0965
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0965
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0965
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0965
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0965
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0965
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0965
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0965
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0965
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0965
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0965
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0965
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0970
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0975
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0980
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0980
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0980
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0980
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0980
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0980
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0980
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0980
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0980
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0980
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0980
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0980
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0980
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0980
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0980
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0980
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0980
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0980
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0980
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0980
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0980
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0980
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0980
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0980
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0980
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0980
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0980
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0980
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0985
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0990
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref0995
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1000
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1000
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1000
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1000
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1000
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1000
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1000
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1000
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1000
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1000
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1000
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1000
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1000
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1000
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1000
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1000
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1000
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1000
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1000
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1000
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1000
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1000
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1000
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1000
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1000
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1000
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1000
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1000
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1000
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1005
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1010
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1015
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1015
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1015
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1015
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1015
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1015
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1015
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1015
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1015
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1015
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1015
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1015
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1015
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1015
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1015
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1015
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1015
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1015
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1015
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1015
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1015
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1015
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1015
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1015
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1015
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1015
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1015
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1015
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1015
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1015
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1015
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1020
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1020
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1020
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1020
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1020
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1020
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1020
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1020
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1020
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1020
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1020
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1020
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1020
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1020
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1020
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1020
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1020
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1020
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1020
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1020
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1020
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1020
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1020
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1020
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1025
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1025
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1025
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1025
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1025
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1025
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1025
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1025
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1025
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1025
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1025
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1025
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1025
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1025
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1025
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1025
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1025
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1025
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1025
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1025
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1025
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1025
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1025
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1025
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1025
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1030
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1030
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1030
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1030
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1030
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1030
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1030
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1030
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1030
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1030
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1030
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1030
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1030
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1030
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1030
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1030
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1030
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1030
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1030
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1030
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1030
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1030
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1030
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1030
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1030
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1035
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1040
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1040
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1040
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1040
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1040
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1040
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1040
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1040
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1040
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1040
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1040
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1040
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1040
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1040
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1040
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1040
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1040
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1040
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1040
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1040
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1040
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1040
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1040
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1040
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1040
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1040
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1040
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1040
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1045
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1045
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1045
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1045
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1045
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1045
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1045
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1045
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1045
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1045
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1045
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1045
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1045
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1045
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1045
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1045
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1045
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1045
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1045
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1045
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1045
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1045
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1045
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1045
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1045
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1045
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1050
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1050
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1050
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1050
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1050
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1050
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1050
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1050
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1050
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1050
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1050
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1050
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1050
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1050
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1050
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1050
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1050
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1050
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1050
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1050
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1050
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1050
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1050
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1050
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1050
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1050
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1050
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1050
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1050
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1050
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1050
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1055
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1055
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1055
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1055
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1055
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1055
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1055
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1055
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1055
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1055
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1055
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1055
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1055
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1055
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1055
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1055
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1055
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1055
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1055
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1055
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1055
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1055
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1055
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1055
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1055
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1055
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1055
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1055
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1055
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1055
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1055
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1055
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1060
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1060
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1060
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1060
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1060
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1060
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1060
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1060
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1060
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1060
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1060
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1060
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1060
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1060
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1060
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1060
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1060
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1060
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1060
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1060
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1060
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1060
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1060
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1060
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1060
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1060
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1060
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1060
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1060
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1060
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1060
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1060
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1065
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1070
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1075
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1080
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1085
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1085
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1085
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1085
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1085
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1085
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1085
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1085
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1085
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1085
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1085
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1085
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1085
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1085
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1085
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1085
https://www.solidarites-santegouvfr/fichiers/bo/2014/14-12/ste_20140012_0000_0076pdf
https://www.solidarites-santegouvfr/fichiers/bo/2014/14-12/ste_20140012_0000_0076pdf
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1095
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1095
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1095
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1095
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1095
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1095
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1095
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1095
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1095
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1095
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1095
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1095
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1095
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1095
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1095
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1095
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1095
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1095
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1095
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1095
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1095
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1095
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1095
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1095
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1095
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1095
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1095
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1095
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1095
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1095
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1095
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1100
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1105
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1110
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1110
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1110
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1110
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1110
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1110
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1110
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1110
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1110
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1110
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1110
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1110
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1110
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1110
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1110
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1110
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1110
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1110
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1110
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1110
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1110
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1110
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1110
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1110
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1110
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1110
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1110
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1110
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1110
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1110
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1110
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1110
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1110
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1115
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1120
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1125
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1130
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1135
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1140
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1145
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1150
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1155
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1155
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1155
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1155
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1155
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1155
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1155
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1155
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1155
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1155
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1155
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1155
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1155
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1155
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1155
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1155
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1155
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1155
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1155
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1155
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1155
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1155
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1155
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1155
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1155
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1155
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1155
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1155
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1155
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1155
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1155
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1155
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1155
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1155
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1160
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1160
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1160
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1160
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1160
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1160
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1160
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1160
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1160
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1160
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1160
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1160
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1160
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1160
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1160
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1160
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1160
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1160
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1160
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1160
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1160
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1160
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1160
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1160
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1160
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1160
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1160
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1160
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1160
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1160
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1160
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1160
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1160
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1160
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1165

+Model
MEDMAL-4114; No.of Pages37

34 B. Hoen et al. / Médecine et maladies infectieuses xxx (2019) xxx—xxx

[45] Oostenbrink R, Moons KG, Twijnstra MJ, Grobbee DE, Moll HA. Chil-
dren with meningeal signs: predicting who needs empiric antibiotic
treatment. Arch Pediatr Adolesc Med 2002;156:1189-94.

[46] Nigrovic LE, Kuppermann N, McAdam AJ, Malley R. Cerebrospinal
latex agglutination fails to contribute to the microbiologic diagnosis
of pretreated children with meningitis. Pediatr Infect Dis J 2004;23:
786-8.

[47] Nigrovic LE, Malley R, Kuppermann N. Meta-analysis of bacterial
meningitis score validation studies. Arch Dis Child 2012;97:799-805.

[48] Mekitarian Filho E, Horita SM, Gilio AE, Alves AC, Nigrovic LE. The
bacterial meningitis score to distinguish bacterial from aseptic menin-
gitis in children from Sao Paulo, Brazil. Pediatr Infect Dis J 2013;32:
1026-9.

[49] Dubos F, Korczowski B, Aygun DA, Martinot A, Prat C, Galetto-Lacour
A, et al. Distinguishing between bacterial and aseptic meningitis in chil-
dren: European comparison of two clinical decision rules. Arch Dis Child
2011;95:963-7.

[50] Glimaker M, Johansson B, Bell M, Ericsson M, Blackberg J, Brink M,
et al. Early lumbar puncture in adult bacterial meningitis — rationale for
revised guidelines. Scand J Infect Dis 2013;45:657-63.

[51] Glimaker M, Johansson B, Grindborg O, Bottai M, Lindquist L, Sjolin
J. Adult bacterial meningitis: earlier treatment and improved outcome
following guideline revision promoting prompt lumbar puncture. Clin
Infect Dis 2015;60:1162-9.

[52] Glimaker M, Johansson B, Grindborg O, Bottai M, Lindquist L, Sjolin J.
Reply to Brouwer and van de Beek. Clin Infect Dis 2015;61:665-6.

[53] Practice guidelines for acute bacterial meningitidis (except newborn and
nosocomial meningitis). Med Mal Infect 2009;39:356-67.

[54] Chaudhuri A, Martinez-Martin P, Kennedy PG, Andrew Seaton R,
Portegies P, Bojar M, et al. EFNS guideline on the management of
community-acquired bacterial meningitis: report of an EFNS Task Force
on acute bacterial meningitis in older children and adults. Eur J Neurol
2008;15:649-59.

[55] McGill F, Heyderman RS, Michael BD, Defres S, Beeching NJ, Borrow
R, et al. The UK joint specialist societies guideline on the diagnosis and
management of acute meningitis and meningococcal sepsis in immuno-
competent adults. J Infect 2016;72:405-38.

[56] van de Beek D, Cabellos C, Dzupova O, Esposito S, Klein M, Kloek
AT, et al. ESCMID guideline: diagnosis and treatment of acute bacterial
meningitis. Clin Microbiol Infect 2016;22(Suppl. 3):S37-62.

[57] Michael B, Menezes BF, Cunniffe J, Miller A, Kneen R, Francis G, et al.
Effect of delayed lumbar punctures on the diagnosis of acute bacterial
meningitis in adults. Emerg Med J 2010;27:433-8.

[58] Stockdale AJ, Weekes MP, Aliyu SH. An audit of acute bacterial menin-
gitis in a large teaching hospital 2005-2010. QJM 2011;104:1055-63.

[59] Salazar L, Hasbun R. Cranial imaging before lumbar puncture in adults
with community-acquired meningitis: clinical utility and adherence to
the Infectious Diseases Society of America Guidelines. Clin Infect Dis
2017;64:1657-62.

[60] Joffe AR. Lumbar puncture and brain herniation in acute bacterial menin-
gitis: a review. J Intensive Care Med 2007;22:194-207.

[61] Tattevin P, Bruneel F, Clair B, Lellouche F, de Broucker T, Chevret S, et al.
Bacterial brain abscesses: a retrospective study of 94 patients admitted to
an intensive care unit (1980 to 1999). Am J Med 2003;115:143-6.

[62] Zoons E, Weisfelt M, de Gans J, Spanjaard L, Koelman JH, Reitsma
JB, et al. Seizures in adults with bacterial meningitis. Neurology
2008;70:2109-15.

[63] Les méningites purulentes communautaires — 9° conférence de consen-
sus de la SPILF — 7 février 1996 — texte long. Med Mal Infect
1996:1-22.

[64] Proulx N, Frechette D, Toye B, Chan J, Kravcik S. Delays in the admin-
istration of antibiotics are associated with mortality from adult acute
bacterial meningitis. QIM 2005;98:291-8.

[65] Auburtin M, Wolff M, Charpentier J, Varon E, Le Tulzo Y, Girault
C, et al. Detrimental role of delayed antibiotic administration and
penicillin-nonsusceptible strains in adult intensive care unit patients with
pneumococcal meningitis: the PNEUMOREA prospective multicenter
study. Crit Care Med 2006;34:2758-65.

[66] Lepur D, Barsic B. Community-acquired bacterial meningitis in
adults: antibiotic timing in disease course and outcome. Infection
2007;35:225-31.

[67] Dzupova O, Rozsypal H, Prochazka B, Benes J. Acute bacterial menin-
gitis in adults: predictors of outcome. Scand J Infect Dis 2009;41:
348-54.

[68] Bretonniere C, Jozwiak M, Girault C, Beuret P, Trouillet JL, Anguel N,
et al. Rifampin use in acute community-acquired meningitis in intensive
care units: the French retrospective cohort ACAM-ICU study. Crit Care
2015;19:303.

[69] Bodilsen J, Dalager-Pedersen M, Schonheyder HC, Nielsen H. Time
to antibiotic therapy and outcome in bacterial meningitis: a Danish
population-based cohort study. BMC Infect Dis 2016;16:392.

[70] Begg N, Cartwright KA, Cohen J, Kaczmarski EB, Innes JA, Leen CL,
et al. Consensus statement on diagnosis, investigation, treatment and pre-
vention of acute bacterial meningitis in immunocompetent adults. J Infect
1999;39:1-15.

[71] Bijlsma MW, Brouwer MC, Kasanmoentalib ES, Kloek AT, Lucas MJ,
Tanck MW, et al. Community-acquired bacterial meningitis in adults in
the Netherlands, 2006-2014: a prospective cohort study. Lancet Infect
Dis 2016;16:339-47.

[72] McIntyre PB, Macintyre CR, Gilmour R, Wang H. A population based
study of the impact of corticosteroid therapy and delayed diagnosis on
the outcome of childhood pneumococcal meningitis. Arch Dis Child
2005;90:391-6.

[73] Radetsky M. Duration of symptoms and outcome in bacterial meningitis:
an analysis of causation and the implications of a delay in diagnosis.
Pediatr Infect Dis J 1992;11:694-8 [discussion 698-701].

[74] Invasive pneumococcal disease in children 5 years after conjugate vaccine
introduction — eight states, 1998-2005. MMWR Morb Mortal Wkly Rep
2008;57:144-8.

[75] Arditi M, Mason Jr EO, Bradley JS, Tan TQ, Barson WJ, Schutze GE,
et al. Three-year multicenter surveillance of pneumococcal meningitis
in children: clinical characteristics, and outcome related to penicillin
susceptibility and dexamethasone use. Pediatrics 1998;102:1087-97.

[76] Begue P, Castello-Herbreteau B. [Severe infections in children with
sickle cell disease: clinical aspects and prevention]. Arch Pediatr
2001;8(Suppl. 4) [732s—41s].

[77] Bingen E, Levy C, Varon E, de La Rocque F, Boucherat M, d’ Athis P, et al.
Pneumococcal meningitis in the era of pneumococcal conjugate vaccine
implementation. Eur J Clin Microbiol Infect Dis 2008;27:191-9.

[78] Chang CJ, Chang WN, Huang LT, Huang SC, Chang YC, Hung PL, et al.
Bacterial meningitis in infants: the epidemiology, clinical features, and
prognostic factors. Brain Dev 2004;26:168-75.

[79] Doit C, Bingen E. [Therapeutic impact of changing susceptibility of
germs causing community-acquired bacterial meningitis in pediatric
patients (excluding neonatal period)]. Ann Med Interne (Paris) 2002;153:
329-37.

[80] Floret D. [Pneumococcal meningitis and resistant bacteria]. Arch Pediatr
2002;9:1166-72.

[81] Kellner JD, Scheifele DW, Halperin SA, Lebel MH, Moore D, Le
Saux N, et al. Outcome of penicillin-nonsusceptible Streptococcus pneu-
moniae meningitis: a nested case-control study. Pediatr Infect Dis J
2002;21:903-10.

[82] Tzanakaki G, Mastrantonio P. Aetiology of bacterial meningitis and
resistance to antibiotics of causative pathogens in Europe and in the
Mediterranean region. Int J Antimicrob Agents 2007;29:621-9.

[83] Woods CR, Smith AL, Wasilauskas BL, Campos J, Givner LB. Invasive
disease caused by Neisseria meningitidis relatively resistant to penicillin
in North Carolina. J Infect Dis 1994;170:453-6.

[84] Yogev R, Guzman-Cottrill J. Bacterial meningitis in children: critical
review of current concepts. Drugs 2005;65:1097-112.

[85] del Rio MA, Chrane D, Shelton S, McCracken Jr GH, Nelson JD. Ceftri-
axone versus ampicillin and chloramphenicol for treatment of bacterial
meningitis in children. Lancet 1983;1:1241-4.

[86] Schaad UB, Suter S, Gianella-Borradori A, Pfenninger J, Auckenthaler R,
Bernath O, etal. A comparison of ceftriaxone and cefuroxime for the treat-
ment of bacterial meningitis in children. N Engl J Med 1990;322:141-7.

Please cite this article in press as: Hoen B, et al. Management of acute community-acquired bacterial meningitis (excluding newborns). Long
version with arguments. Med Mal Infect (2019), https://doi.org/10.1016/j.medmal.2019.03.009



https://doi.org/10.1016/j.medmal.2019.03.009
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1170
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1170
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1170
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1170
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1170
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1170
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1170
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1170
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1170
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1170
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1170
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1170
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1170
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1170
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1170
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1170
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1170
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1170
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1170
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1170
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1170
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1170
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1170
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1170
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1170
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1170
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1170
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1170
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1170
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1175
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1180
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1180
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1180
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1180
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1180
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1180
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1180
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1180
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1180
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1180
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1180
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1180
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1180
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1180
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1180
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1180
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1180
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1180
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1180
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1180
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1180
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1180
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1180
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1185
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1190
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1195
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1200
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1205
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1205
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1205
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1205
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1205
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1205
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1205
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1205
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1205
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1205
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1205
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1205
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1205
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1205
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1205
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1205
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1205
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1205
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1205
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1205
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1205
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1205
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1205
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1205
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1205
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1205
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1205
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1205
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1210
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1210
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1210
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1210
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1210
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1210
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1210
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1210
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1210
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1210
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1210
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1210
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1210
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1210
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1210
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1210
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1210
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1210
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1210
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1215
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1220
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1225
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1230
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1235
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1235
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1235
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1235
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1235
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1235
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1235
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1235
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1235
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1235
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1235
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1235
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1235
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1235
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1235
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1235
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1235
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1235
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1235
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1235
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1235
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1235
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1235
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1235
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1235
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1235
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1235
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1235
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1235
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1240
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1240
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1240
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1240
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1240
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1240
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1240
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1240
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1240
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1240
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1240
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1240
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1240
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1240
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1240
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1240
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1240
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1240
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1240
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1240
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1240
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1240
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1240
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1240
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1240
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1240
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1240
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1240
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1240
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1240
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1240
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1240
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1240
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1245
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1245
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1245
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1245
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1245
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1245
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1245
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1245
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1245
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1245
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1245
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1245
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1245
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1245
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1245
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1245
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1245
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1245
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1245
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1245
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1245
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1245
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1245
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1245
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1245
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1245
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1245
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1250
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1255
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1255
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1255
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1255
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1255
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1255
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1255
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1255
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1255
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1255
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1255
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1255
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1255
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1255
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1255
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1255
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1255
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1255
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1255
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1255
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1255
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1255
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1255
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1255
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1255
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1255
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1255
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1260
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1260
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1260
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1260
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1260
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1260
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1260
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1260
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1260
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1260
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1260
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1260
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1260
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1260
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1260
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1260
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1260
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1260
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1260
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1260
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1260
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1260
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1260
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1260
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1260
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1260
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1260
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1260
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1265
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1265
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1265
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1265
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1265
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1265
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1265
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1265
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1265
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1265
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1265
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1265
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1265
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1265
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1265
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1265
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1265
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1265
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1265
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1265
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1265
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1265
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1265
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1265
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1265
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1265
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1265
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1265
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1265
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1265
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1265
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1265
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1265
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1270
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1275
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1275
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1275
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1275
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1275
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1275
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1275
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1275
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1275
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1275
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1275
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1275
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1275
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1275
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1275
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1275
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1275
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1275
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1275
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1275
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1280
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1280
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1280
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1280
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1280
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1280
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1280
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1280
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1280
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1280
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1280
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1280
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1280
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1280
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1280
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1280
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1280
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1280
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1280
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1280
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1280
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1280
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1280
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1280
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1280
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1280
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1280
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1285
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1290
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1290
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1290
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1290
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1290
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1290
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1290
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1290
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1290
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1290
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1290
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1290
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1290
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1290
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1290
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1290
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1290
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1290
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1290
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1290
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1290
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1290
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1290
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1290
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1290
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1290
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1290
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1290
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1290
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1290
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1290
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1295
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1300
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1305
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1310
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1310
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1310
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1310
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1310
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1310
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1310
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1310
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1310
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1310
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1310
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1310
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1310
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1310
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1310
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1310
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1310
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1310
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1310
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1310
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1310
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1310
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1310
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1310
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1310
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1310
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1310
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1310
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1310
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1310
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1310
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1310
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1310
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1310
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1315
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1315
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1315
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1315
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1315
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1315
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1315
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1315
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1315
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1315
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1315
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1315
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1315
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1315
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1315
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1315
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1315
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1315
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1315
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1315
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1315
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1315
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1315
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1315
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1315
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1315
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1315
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1315
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1315
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1315
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1315
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1320
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1325
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1325
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1325
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1325
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1325
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1325
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1325
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1325
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1325
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1325
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1325
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1325
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1325
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1325
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1325
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1325
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1325
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1325
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1325
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1325
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1325
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1325
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1325
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1325
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1325
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1325
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1325
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1325
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1325
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1330
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1335
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1340
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1340
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1340
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1340
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1340
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1340
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1340
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1340
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1340
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1340
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1340
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1340
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1340
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1340
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1340
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1340
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1340
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1340
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1340
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1340
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1340
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1340
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1340
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1340
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1340
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1340
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1340
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1340
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1340
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1340
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1340
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1345
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1345
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1345
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1345
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1345
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1345
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1345
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1345
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1345
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1345
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1345
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1345
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1350
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1355
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1355
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1355
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1355
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1355
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1355
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1355
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1355
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1355
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1355
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1355
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1355
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1355
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1355
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1355
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1355
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1355
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1355
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1355
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1355
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1355
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1355
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1355
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1355
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1355
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1355
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1355
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1355
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1355
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1355
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1355
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1355
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1355
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1360
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1365
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1365
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1365
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1365
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1365
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1365
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1365
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1365
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1365
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1365
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1365
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1365
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1365
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1365
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1365
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1365
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1365
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1365
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1365
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1365
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1365
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1370
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1370
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1370
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1370
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1370
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1370
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1370
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1370
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1370
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1370
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1370
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1370
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1370
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1370
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1370
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1370
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1370
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1370
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1370
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1370
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1370
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1370
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1370
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1370
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1370
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1370
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1370
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1370
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1370
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1370
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1370
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1375

+Model
MEDMAL-4114; No. of Pages 37

B. Hoen et al. / Médecine et maladies infectieuses xxx (2019) xxx—xxx 35

[87] Conférence de Consensus SPILF. Méningites bactériennes de 1’adulte.
Texte long; 2009 http://www.infectiologiecom/UserFiles/File/medias/_
documents/consensus/Meningites_consensus-long.pdf.

[88] Anonyme. Surveillance des infections invasives a Haemophilus influen-
zae, Listeria monocytogenes, Neisseria meningitidis, Streptococcus
pneumoniae, Streptococcus agalactiae (B) et Streptococcus pyogenes
(A) en France; 2018 http://www.invs.sante.fr/Dossiers-thematiques/
Maladies-infectieuses/Maladies-a-prevention-vaccinale/Infections-
invasives-d-origine-bacterienne-Reseau-EPIBAC.

[89] Levy C, Bingen E, Aujard Y, Boucherat M, Floret D, Gendrel D, et al.
[Surveillance network of bacterial meningitis in children, 7 years of sur-
vey in France]. Arch Pediatr 2008;15(Suppl. 3):S99-104.

[90] Haut Conseil de santé publique. Le calendrier des vaccinations
et les recommandations vaccinales en 2010; 2010 http://www.opac.
invs.sante.fr/doc_num.php?explnum_id=404.

[91] Avis du Haut Conseil de la santé publique (HCSP) du 25 avril 2013 relatif
aux recommandations de la vaccination pour les adultes et les enfants
agés de plus de 2 ans a risque d’infection invasive a pneumocoque; 2013
http://www.hcsp.fr/Explore.cgi/avisrapportsdomaine?clefr=355.

[92] http://www.invs.santepubliquefrance.fr/Dossiers-thematiques/Maladies-
infectieuses/Maladies-a-prevention-vaccinale/Infections-invasives-a-
meningocoques/Donnees-epidemiologiques.

[93] Anonyme. Couverture vaccinale. Estimations a partir de I’échantillon
généraliste des bénéficiaires; 2015  http://www.opac.invs.sante.
fr/doc_num.php?explnum_id=10854.

[94] Vaccination antiméningococcique C ; avis du Haut Conseil de santé

publique; 2018  http://www.hcspfr/Explorecgi/avisrapportsdomaine?
clefr=593.
[95] BEXSERO vaccin méningococcique B ; avis de la Commis-

sion de la transparence; 2014 http://www.has-sante.fr/portail/jems/c_
1753524/fr/bexsero-vaccin-meningococcique-b.

[96] Levy C, Varon E, Taha MK, Bechet S, Bonacorsi S, Cohen R, et al.
[Changes in bacterial meningitis in French children resulting from vac-
cination]. Arch Pediatr 2014;21:736-44.

[97] Ben-Shimol S, Greenberg D, Givon-Lavi N, Elias N, Glikman D, Rubin-
stein U, et al. Rapid reduction in invasive pneumococcal disease after
introduction of PCV7 into the National Immunization Plan in Israel.
Vaccine 2012;30:6600-7.

[98] Lepoutre A, Varon E, Georges S, Dorleans F, Janoir C, Gutmann L, et al.
Impact of the pneumococcal conjugate vaccines on invasive pneumococ-
cal disease in France, 2001-2012. Vaccine 2015;33:359-66.

[99] Levy C, Varon E, Bechet S, Cohen R. Effect of the 13-valent pneumo-
coccal conjugate vaccine on pneumococcal meningitis in children. Clin
Infect Dis 2016;62:131-2.

[100] Steens A, Bergsaker MA, Aaberge IS, Ronning K, Vestrheim DF. Prompt
effect of replacing the 7-valent pneumococcal conjugate vaccine with the
13-valent vaccine on the epidemiology of invasive pneumococcal disease
in Norway. Vaccine 2013;31:6232-8.

[101] Anonyme. Les infections invasives a méningocoques en 2015; 2015
http://www.invs.sante.fr/Dossiers-thematiques/Maladies-infectieuses/
Maladies-a-prevention-vaccinale/Infections-invasives-a-meningocoques/
Donnees-epidemiologiques.

[102] Anonyme. https://www.solidarites-sante.gouv.fr/fichiers/bo/2007/07-09/
20090271 .htm 2007.

[103] Anonyme. http://www.invs.santepubliquefrance.fr/publications/2008/
vaccination_bcg/index.html 2008.

[104] Janoir C, Gutmann L, Varon E. Rapport d’activité du CNRP; 2015
http://www.cnr-pneumo.com/docs/rapports/CNRP2015.pdf.

[105] Goulet V, Hebert M, Hedberg C, Laurent E, Vaillant V, De Valk H, et al.
Incidence of listeriosis and related mortality among groups at risk of
acquiring listeriosis. Clin Infect Dis 2012;54:652—60.

[106] Levy C, Varon E, Picard C, Bechet S, Martinot A, Bonacorsi S, et al.
Trends of pneumococcal meningitis in children after introduction of the
13-valent pneumococcal conjugate vaccine in France. Pediatr Infect Dis
J2014:33:1216-21.

[107] Cohen R, Raymond J, Haas H, Grimprel E. [Treatment of pneumococcal
meningitis in children in 2014. Position statement of the French Group
for Pediatric Infectious Diseases]. Arch Pediatr 2014;21:681-2.

[108] Taha M, Deghmane A. http://www.invs.santepubliquefrance.fr/Dossiers-
thematiques/Maladies-infectieuses/Maladies-a-prevention-vaccinale/
Infections-invasives-a-meningocoques/Donnees-epidemiologiques/Les-
infections-invasives-a-meningocoque-en-France-en-2014. 2014.

[109] Gaillot O. Rapport d’activités 2014 du C.N.R. Haemophilus
influenzae; 2014 http://www.biologiepathologiechru-lillefr/organisation-
fbp/Rapport_CNR_Hi_2013_web.pdf.

[110] Charlier C, Perrodeau E, Leclercq A, Cazenave B, Pilmis B, Henry B,
et al. Clinical features and prognostic factors of listeriosis: the MONAL-
ISA national prospective cohort study. Lancet Infect Dis 2017;17:510-9,
http://dx.doi.org/10.1016/S1473-3099(16)30521-7.

[111] ONERBA. Rapport annuel 2013-2014. http://www.onerba.org/
publications/rapports-onerba/.

[112] Lu CH, Chang WN, Chuang YC, Chang HW. The prognostic factors of
adult gram-negative bacillary meningitis. J Hosp Infect 1998;40:27-34.

[113] Mwangi I, Berkley J, Lowe B, Peshu N, Marsh K, Newton CR. Acute
bacterial meningitis in children admitted to a rural Kenyan hospi-
tal: increasing antibiotic resistance and outcome. Pediatr Infect Dis J
2002;21:1042-8.

[114] Lu CH, Chang WN, Chang HW. Streptococcal meningitis in adults:
therapeutic outcomes and prognostic factors. Clin Neurol Neurosurg
2001;103:137-42.

[115] Peltola H, Anttila M, Renkonen OV, Finnish Study Group. Randomised
comparison of chloramphenicol, ampicillin, cefotaxime, and ceftriaxone
for childhood bacterial meningitis. Lancet 1989;1:1281-7.

[116] Kanegaye JT, Soliemanzadeh P, Bradley JS. Lumbar puncture in pedi-
atric bacterial meningitis: defining the time interval for recovery of
cerebrospinal fluid pathogens after parenteral antibiotic pretreatment.
Pediatrics 2001;108:1169-74.

[117] Mariani-Kurkdjian P, Doit C, Le Thomas I, Aujard Y, Bourrillon A, Bin-
gen E. [Bacterial concentration in the cerebrospinal fluid in childhood
meningitis]. Presse Med 1999;28:1227-30.

[118] Andes DR, Craig WA. Pharmacokinetics and pharmacodynamics of
antibiotics in meningitis. Infect Dis Clin North Am 1999;13:595-618.

[119] Lutsar I, McCracken Jr GH, Friedland IR. Antibiotic pharmacodynamics
in cerebrospinal fluid. Clin Infect Dis 1998;27:1117-27 [quiz 1119-28].

[120] Nau R, Sorgel F, Prange HW. Pharmacokinetic optimisation of the treat-
ment of bacterial central nervous system infections. Clin Pharmacokinet
1998;35:223-46.

[121] Sinner SW, Tunkel AR. Antimicrobial agents in the treatment of bacterial
meningitis. Infect Dis Clin North Am 2004;18:581-602 [ix].

[122] Ahmed A, Jafri H, Lutsar I, McCoig CC, Trujillo M, Wubbel L,
et al. Pharmacodynamics of vancomycin for the treatment of experi-
mental penicillin- and cephalosporin-resistant pneumococcal meningitis.
Antimicrob Agents Chemother 1999;43:876-81.

[123] Lutsar I, Ahmed A, Friedland IR, Trujillo M, Wubbel L, Olsen K, et al.
Pharmacodynamics and bactericidal activity of ceftriaxone therapy in
experimental cephalosporin-resistant pneumococcal meningitis. Antimi-
crob Agents Chemother 1997;41:2414-7.

[124] Nau R, Sorgel F, Prange HW. Lipophilicity at pH 7.4 and molecular size
govern the entry of the free serum fraction of drugs into the cerebrospinal
fluid in humans with uninflamed meninges. J Neurol Sci 1994;122:
61-5.

[125] Shen DD, Artru AA, Adkison KK. Principles and applicability of CSF
sampling for the assessment of CNS drug delivery and pharmacodynam-
ics. Adv Drug Deliv Rev 2004;56:1825-57.

[126] Dacey RG, Sande MA. Effect of probenecid on cerebrospinal fluid
concentrations of penicillin and cephalosporin derivatives. Antimicrob
Agents Chemother 1974;6:437-41.

[127] Roberts JA, Paratz J, Paratz E, Krueger WA, Lipman J. Continuous infu-
sion of beta-lactam antibiotics in severe infections: a review of its role.
Int J Antimicrob Agents 2007;30:11-8.

[128] Nau R, Prange HW, Muth P, Mahr G, Menck S, Kolenda H, et al. Passage
of cefotaxime and ceftriaxone into cerebrospinal fluid of patients with
uninflamed meninges. Antimicrob Agents Chemother 1993;37:1518-24.

[129] Karlowsky JA, Jones ME, Draghi DC, Sahm DF. Clinical isolates of
Streptococcus pneumoniae with different susceptibilities to ceftriaxone
and cefotaxime. Antimicrob Agents Chemother 2003;47:3155-60.

Please cite this article in press as: Hoen B, et al. Management of acute community-acquired bacterial meningitis (excluding newborns). Long
version with arguments. Med Mal Infect (2019), https://doi.org/10.1016/j.medmal.2019.03.009



https://doi.org/10.1016/j.medmal.2019.03.009
http://www.infectiologiecom/UserFiles/File/medias/_documents/consensus/Meningites_consensus-long.pdf
http://www.infectiologiecom/UserFiles/File/medias/_documents/consensus/Meningites_consensus-long.pdf
http://www.invs.sante.fr/Dossiers-thematiques/Maladies-infectieuses/Maladies-a-prevention-vaccinale/Infections-invasives-d-origine-bacterienne-Reseau-EPIBAC
http://www.invs.sante.fr/Dossiers-thematiques/Maladies-infectieuses/Maladies-a-prevention-vaccinale/Infections-invasives-d-origine-bacterienne-Reseau-EPIBAC
http://www.invs.sante.fr/Dossiers-thematiques/Maladies-infectieuses/Maladies-a-prevention-vaccinale/Infections-invasives-d-origine-bacterienne-Reseau-EPIBAC
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1390
http://www.opac.invs.sante.fr/doc_num.php?explnum_id=404
http://www.opac.invs.sante.fr/doc_num.php?explnum_id=404
http://www.hcsp.fr/Explore.cgi/avisrapportsdomaine?clefr=355
http://www.invs.santepubliquefrance.fr/Dossiers-thematiques/Maladies-infectieuses/Maladies-a-prevention-vaccinale/Infections-invasives-a-meningocoques/Donnees-epidemiologiques
http://www.invs.santepubliquefrance.fr/Dossiers-thematiques/Maladies-infectieuses/Maladies-a-prevention-vaccinale/Infections-invasives-a-meningocoques/Donnees-epidemiologiques
http://www.invs.santepubliquefrance.fr/Dossiers-thematiques/Maladies-infectieuses/Maladies-a-prevention-vaccinale/Infections-invasives-a-meningocoques/Donnees-epidemiologiques
http://www.opac.invs.sante.fr/doc_num.php?explnum_id=10854
http://www.opac.invs.sante.fr/doc_num.php?explnum_id=10854
http://www.hcspfr/Explorecgi/avisrapportsdomaine?clefr=593
http://www.hcspfr/Explorecgi/avisrapportsdomaine?clefr=593
http://www.has-sante.fr/portail/jcms/c_1753524/fr/bexsero-vaccin-meningococcique-b
http://www.has-sante.fr/portail/jcms/c_1753524/fr/bexsero-vaccin-meningococcique-b
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1425
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1425
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1425
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1425
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1425
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1425
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1425
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1425
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1425
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1425
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1425
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1425
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1425
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1425
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1425
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1425
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1425
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1425
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1425
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1425
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1425
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1425
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1425
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1425
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1425
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1425
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1425
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1425
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1425
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1425
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1425
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1425
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1425
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1425
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1430
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1435
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1440
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1440
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1440
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1440
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1440
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1440
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1440
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1440
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1440
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1440
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1440
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1440
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1440
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1440
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1440
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1440
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1440
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1440
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1440
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1440
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1440
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1440
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1440
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1440
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1440
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1440
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1440
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1440
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1440
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1440
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1440
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1440
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1440
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1445
http://www.invs.sante.fr/Dossiers-thematiques/Maladies-infectieuses/Maladies-a-prevention-vaccinale/Infections-invasives-a-meningocoques/Donnees-epidemiologiques
http://www.invs.sante.fr/Dossiers-thematiques/Maladies-infectieuses/Maladies-a-prevention-vaccinale/Infections-invasives-a-meningocoques/Donnees-epidemiologiques
http://www.invs.sante.fr/Dossiers-thematiques/Maladies-infectieuses/Maladies-a-prevention-vaccinale/Infections-invasives-a-meningocoques/Donnees-epidemiologiques
https://www.solidarites-sante.gouv.fr/fichiers/bo/2007/07-09/a0090271.htm
https://www.solidarites-sante.gouv.fr/fichiers/bo/2007/07-09/a0090271.htm
http://www.invs.santepubliquefrance.fr/publications/2008/vaccination_bcg/index.html
http://www.invs.santepubliquefrance.fr/publications/2008/vaccination_bcg/index.html
http://www.cnr-pneumo.com/docs/rapports/CNRP2015.pdf
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1470
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1475
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1480
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1480
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1480
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1480
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1480
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1480
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1480
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1480
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1480
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1480
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1480
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1480
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1480
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1480
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1480
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1480
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1480
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1480
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1480
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1480
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1480
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1480
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1480
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1480
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1480
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1480
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1480
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1480
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1480
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1480
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1480
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1480
http://www.invs.santepubliquefrance.fr/Dossiers-thematiques/Maladies-infectieuses/Maladies-a-prevention-vaccinale/Infections-invasives-a-meningocoques/Donnees-epidemiologiques/Les-infections-invasives-a-meningocoque-en-France-en-2014
http://www.invs.santepubliquefrance.fr/Dossiers-thematiques/Maladies-infectieuses/Maladies-a-prevention-vaccinale/Infections-invasives-a-meningocoques/Donnees-epidemiologiques/Les-infections-invasives-a-meningocoque-en-France-en-2014
http://www.invs.santepubliquefrance.fr/Dossiers-thematiques/Maladies-infectieuses/Maladies-a-prevention-vaccinale/Infections-invasives-a-meningocoques/Donnees-epidemiologiques/Les-infections-invasives-a-meningocoque-en-France-en-2014
http://www.invs.santepubliquefrance.fr/Dossiers-thematiques/Maladies-infectieuses/Maladies-a-prevention-vaccinale/Infections-invasives-a-meningocoques/Donnees-epidemiologiques/Les-infections-invasives-a-meningocoque-en-France-en-2014
http://www.biologiepathologiechru-lillefr/organisation-fbp/Rapport_CNR_Hi_2013_web.pdf
http://www.biologiepathologiechru-lillefr/organisation-fbp/Rapport_CNR_Hi_2013_web.pdf
dx.doi.org/10.1016/S1473-3099(16)30521-7
http://www.onerba.org/publications/rapports-onerba/
http://www.onerba.org/publications/rapports-onerba/
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1505
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1505
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1505
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1505
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1505
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1505
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1505
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1505
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1505
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1505
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1505
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1505
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1505
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1505
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1505
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1505
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1505
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1505
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1505
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1505
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1505
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1505
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1505
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1505
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1505
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1505
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1505
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1505
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1510
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1515
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1515
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1515
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1515
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1515
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1515
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1515
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1515
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1515
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1515
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1515
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1515
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1515
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1515
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1515
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1515
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1515
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1515
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1515
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1515
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1515
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1515
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1515
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1515
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1520
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1520
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1520
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1520
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1520
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1520
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1520
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1520
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1520
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1520
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1520
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1520
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1520
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1520
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1520
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1520
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1520
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1520
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1520
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1520
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1520
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1520
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1520
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1520
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1520
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1520
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1520
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1520
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1525
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1530
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1530
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1530
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1530
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1530
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1530
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1530
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1530
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1530
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1530
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1530
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1530
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1530
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1530
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1530
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1530
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1530
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1530
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1530
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1530
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1530
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1530
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1530
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1530
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1530
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1530
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1530
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1530
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1530
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1530
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1530
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1535
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1535
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1535
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1535
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1535
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1535
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1535
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1535
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1535
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1535
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1535
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1535
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1535
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1535
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1535
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1535
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1535
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1535
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1535
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1535
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1540
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1540
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1540
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1540
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1540
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1540
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1540
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1540
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1540
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1540
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1540
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1540
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1540
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1540
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1540
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1540
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1540
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1540
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1540
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1540
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1540
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1540
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1540
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1545
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1545
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1545
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1545
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1545
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1545
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1545
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1545
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1545
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1545
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1545
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1545
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1545
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1545
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1545
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1545
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1545
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1545
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1545
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1545
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1545
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1545
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1545
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1545
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1545
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1545
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1545
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1550
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1550
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1550
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1550
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1550
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1550
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1550
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1550
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1550
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1550
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1550
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1550
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1550
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1550
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1550
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1550
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1550
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1550
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1550
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1550
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1550
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1550
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1550
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1550
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1555
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1560
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1565
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1570
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1570
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1570
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1570
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1570
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1570
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1570
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1570
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1570
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1570
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1570
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1570
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1570
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1570
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1570
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1570
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1570
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1570
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1570
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1570
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1570
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1570
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1570
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1570
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1570
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1570
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1570
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1570
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1570
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1570
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1570
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1570
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1570
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1575
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1575
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1575
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1575
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1575
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1575
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1575
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1575
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1575
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1575
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1575
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1575
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1575
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1575
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1575
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1575
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1575
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1575
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1575
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1575
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1575
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1575
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1575
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1575
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1575
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1575
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1575
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1575
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1580
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1585
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1590
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1590
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1590
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1590
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1590
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1590
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1590
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1590
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1590
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1590
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1590
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1590
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1590
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1590
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1590
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1590
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1590
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1590
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1590
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1590
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1590
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1590
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1590
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1590
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1590
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1590
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1590
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1590
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1590
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1590
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1590
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1590

+Model
MEDMAL-4114; No.of Pages37

36 B. Hoen et al. / Médecine et maladies infectieuses xxx (2019) xxx—xxx

[130] Scheld WM, Rocha H, Sande MA, Bryan JP. Rationale for clinical trials
evaluating ceftriaxone in the therapy of bacterial meningitis. Am J Med
1984;77:42-9.

[131] Albanese J, Leone M, Bruguerolle B, Ayem ML, Lacarelle B, Martin
C. Cerebrospinal fluid penetration and pharmacokinetics of vancomycin
administered by continuous infusion to mechanically ventilated patients
in an intensive care unit. Antimicrob Agents Chemother 2000;44:1356-8.

[132] Ricard JD, Wolff M, Lacherade JC, Mourvillier B, Hidri N, Barnaud
G, et al. Levels of vancomycin in cerebrospinal fluid of adult patients
receiving adjunctive corticosteroids to treat pneumococcal meningi-
tis: a prospective multicenter observational study. Clin Infect Dis
2007;44:250-5.

[133] Gillis LM, White HD, Whitehurst A, Sullivan DC. Vancomycin-tolerance
among clinical isolates of Streptococcus pneumoniae in Mississippi dur-
ing 1999-2001. Am J Med Sci 2005;330:65-8.

[134] Henriques Normark B, Novak R, Ortqvist A, Kallenius G, Tuomanen E,
Normark S. Clinical isolates of Streptococcus pneumoniae that exhibit
tolerance of vancomycin. Clin Infect Dis 2001;32:552-8.

[135] Novak R, Henriques B, Charpentier E, Normark S, Tuomanen E. Emer-
gence of vancomycin tolerance in Streptococcus pneumoniae. Nature
1999;399:590-3.

[136] Rodriguez CA, Atkinson R, Bitar W, Whitney CG, Edwards KM,
Mitchell L, et al. Tolerance to vancomycin in pneumococci: detection
with a molecular marker and assessment of clinical impact. J Infect Dis
2004;190:1481-7.

[137] McCullers JA, English BK, Novak R. Isolation and characterization of
vancomycin-tolerant Streptococcus pneumoniae from the cerebrospinal
fluid of a patient who developed recrudescent meningitis. J Infect Dis
2000;181:369-73.

[138] Sung H, Shin HB, Kim MN, Lee K, Kim EC, Song W, et al.
Vancomycin-tolerant Streptococcus pneumoniae in Korea. J Clin Micro-
biol 2006;44:3524-8.

[139] Kaplan SL, Mason Jr EO. Management of infections due to
antibiotic-resistant Streptococcus pneumoniae. Clin Microbiol Rev
1998;11:628-44.

[140] Suntur BM, Yurtseven T, Sipahi OR, Buke C, Buke M.
Rifampicin + ceftriaxone ~ versus vancomycin + ceftriaxone in the
treatment of penicillin- and cephalosporin-resistant pneumococcal
meningitis in an experimental rabbit model. Int J Antimicrob Agents
2005;26:258-60.

[141] Lee H, Song JH, Kim SW, Oh WS, Jung SI, Kiem S, et al. Evaluation of a
triple-drug combination for treatment of experimental multidrug-resistant
pneumococcal meningitis. Int J Antimicrob Agents 2004;23:307-10.

[142] Cabellos C, Martinez-Lacasa J, Martos A, Tubau F, Fernandez A,
Viladrich PF, et al. Influence of dexamethasone on efficacy of ceftriax-
one and vancomycin therapy in experimental pneumococcal meningitis.
Antimicrob Agents Chemother 1995;39:2158-60.

[143] Ingram PR, Lye DC, Tambyah PA, Goh WP, Tam VH, Fisher DA. Risk
factors for nephrotoxicity associated with continuous vancomycin infu-
sion in outpatient parenteral antibiotic therapy. J Antimicrob Chemother
2008;62:168-71.

[144] Nau R, Wellmer A, Soto A, Koch K, Schneider O, Schmidt H, et al.
Rifampin reduces early mortality in experimental Streptococcus pneu-
moniae meningitis. J Infect Dis 1999;179:1557-60.

[145] Gerber J, Pohl K, Sander V, Bunkowski S, Nau R. Rifampin fol-
lowed by ceftriaxone for experimental meningitis decreases lipoteichoic
acid concentrations in cerebrospinal fluid and reduces neuronal dam-
age in comparison to ceftriaxone alone. Antimicrob Agents Chemother
2003;47:1313-7.

[146] Viladrich PF, Gudiol F, Linares J, Pallares R, Sabate I, Rufi G, et al.
Evaluation of vancomycin for therapy of adult pneumococcal meningitis.
Antimicrob Agents Chemother 1991;35:2467-72.

[147] Catalan MJ, Fernandez JM, Vazquez A, Varela de Seijas E, Suarez A,
Bernaldo de Quiros JC. Failure of cefotaxime in the treatment of menin-
gitis due to relatively resistant Streptococcus pneumoniae. Clin Infect Dis
1994;18:766-9.

[148] Geslin P. Centre National de Référence des Pneumocoques. Rapport
d’activité 1997; 1998.

[149] Friedland IR, Klugman KP. Cerebrospinal fluid bactericidal activity
against cephalosporin-resistant Streptococcus pneumoniae in children
with meningitis treated with high-dosage cefotaxime. Antimicrob Agents
Chemother 1997;41:1888-91.

[150] Goldwater PN. Cefotaxime and ceftriaxone cerebrospinal fluid levels dur-
ing treatment of bacterial meningitis in children. Int J Antimicrob Agents
2005;26:408-11.

[151] Doit C, Barre J, Cohen R, Bonacorsi S, Bourrillon A, Bingen EH.
Bactericidal activity against intermediately cephalosporin-resistant Strep-
tococcus pneumoniae in cerebrospinal fluid of children with bacterial
meningitis treated with high doses of cefotaxime and vancomycin.
Antimicrob Agents Chemother 1997;41:2050-2.

[152] Skrlin J, Bacic Vrca V, Marusic S, Ciric-Crncec M, Mayer L. Impact of
ceftriaxone de-restriction on the occurrence of ESBL-positive bacterial
strains and antibiotic consumption. J Chemother 2011;23:341-4.

[153] Gregoire M, Dailly E, Boutoille D, Garot D, Guimard T, Bernard L,
et al. Adaptation of high-dose ceftriaxone administration scheme to the
renal function-Pharmacokinetics part of “High-Dose Ceftriaxone in Cen-
tral Nervous System Infections” a prospective multicentric cohort study.
Vienna: ECCMID; 2017.

[154] Romano A, Viola M, Gueant-Rodriguez RM, Gaeta F, Valluzzi R,
Gueant JL. Brief communication: tolerability of meropenem in patients
with IgE-mediated hypersensitivity to penicillins. Ann Intern Med
2007;146:266-9.

[155] Brouwer MC, Mclntyre P, Prasad K, van de Beek D. Corticos-
teroids for acute bacterial meningitis. Cochrane Database Syst Rev
2015;9:CD004405.

[156] Fritz D, Brouwer MC, van de Beek D. Dexamethasone and long-term
survival in bacterial meningitis. Neurology 2012;79:2177-9.

[157] Glimaker M, Brink M, Naucler P, Sjolin J. Betamethasone and dexam-
ethasone in adult community-acquired bacterial meningitis: a quality
registry study from 1995 to 2014. Clin Microbiol Infect 2016;22
[814e811-7].

[158] Lucas MJ, Brouwer MC, van de Beek D. Delayed cerebral thrombosis
in bacterial meningitis: a prospective cohort study. Intensive Care Med
2013;39:866-71.

[159] Klein JO, Feigin RD, McCracken Jr GH. Report of the Task Force on
diagnosis and management of meningitis. Pediatrics 1986;78:959-82.

[160] Minns RA, Engleman HM, Stirling H. Cerebrospinal fluid pressure in
pyogenic meningitis. Arch Dis Child 1989;64:814-20.

[161] Rebaud P, Berthier JC, Hartemann E, Floret D. Intracranial pressure
in childhood central nervous system infections. Intensive Care Med
1988;14:522-5.

[162] Peltola H, Roine I, Fernandez J, Zavala I, Ayala SG, Mata AG, et al.
Adjuvant glycerol and/or dexamethasone to improve the outcomes of
childhood bacterial meningitis: a prospective, randomized, double-blind,
placebo-controlled trial. Clin Infect Dis 2007;45:1277-86.

[163] SankarJ, Singhi P, Bansal A, Ray P, Singhi S. Role of dexamethasone and
oral glycerol in reducing hearing and neurological sequelae in children
with bacterial meningitis. Indian Pediatr 2007;44:649-56.

[164] Floret D. [Emergency management of purulent meningitis]. Arch Pediatr
2003;10(Suppl. 1) [116s—8s].

[165] Glimaker M, Johansson B, Halldorsdottir H, Wanecek M, Elmi-Terander
A, Ghatan PH, et al. Neuro-intensive treatment targeting intracra-
nial hypertension improves outcome in severe bacterial meningitis: an
intervention-control study. PLoS One 2014;9:¢91976.

[166] Kaplan SL, Feigin RD. The syndrome of inappropriate secretion of
antidiuretic hormone in children with bacterial meningitis. J Pediatr
1978;92:758-61.

[167] Mourvillier B, Tubach F, van de Beek D, Garot D, Pichon N, Georges H,
et al. Induced hypothermia in severe bacterial meningitis: a randomized
clinical trial. JAMA 2013;310:2174-83.

[168] Ingels C, Vanhorebeek I, Van den Berghe G. Glucose homeostasis, nutri-
tion and infections during critical illness. Clin Microbiol Infect 2017.

[169] Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal SM,
et al. Surviving Sepsis Campaign: international guidelines for mana-
gement of severe sepsis and septic shock, 2012. Intensive Care Med
2013;39:165-228.

Please cite this article in press as: Hoen B, et al. Management of acute community-acquired bacterial meningitis (excluding newborns). Long
version with arguments. Med Mal Infect (2019), https://doi.org/10.1016/j.medmal.2019.03.009



https://doi.org/10.1016/j.medmal.2019.03.009
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1595
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1595
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1595
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1595
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1595
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1595
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1595
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1595
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1595
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1595
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1595
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1595
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1595
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1595
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1595
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1595
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1595
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1595
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1595
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1595
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1595
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1595
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1595
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1595
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1595
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1595
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1595
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1595
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1595
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1595
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1600
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1605
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1610
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1610
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1610
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1610
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1610
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1610
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1610
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1610
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1610
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1610
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1610
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1610
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1610
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1610
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1610
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1610
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1610
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1610
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1610
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1610
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1610
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1610
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1610
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1610
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1610
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1610
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1610
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1610
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1610
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1610
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1610
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1610
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1610
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1610
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1615
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1615
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1615
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1615
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1615
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1615
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1615
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1615
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1615
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1615
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1615
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1615
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1615
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1615
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1615
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1615
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1615
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1615
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1615
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1615
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1615
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1615
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1615
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1615
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1615
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1615
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1615
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1615
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1615
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1615
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1615
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1615
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1615
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1615
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1615
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1620
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1620
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1620
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1620
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1620
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1620
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1620
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1620
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1620
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1620
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1620
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1620
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1620
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1620
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1620
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1620
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1620
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1620
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1620
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1620
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1620
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1620
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1620
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1620
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1620
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1620
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1620
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1620
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1620
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1625
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1630
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1635
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1635
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1635
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1635
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1635
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1635
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1635
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1635
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1635
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1635
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1635
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1635
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1635
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1635
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1635
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1635
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1635
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1635
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1635
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1635
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1635
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1635
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1635
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1635
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1635
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1635
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1635
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1635
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1635
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1635
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1640
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1640
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1640
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1640
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1640
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1640
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1640
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1640
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1640
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1640
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1640
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1640
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1640
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1640
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1640
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1640
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1640
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1640
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1640
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1640
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1640
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1640
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1645
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1650
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1655
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1660
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1665
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1665
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1665
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1665
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1665
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1665
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1665
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1665
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1665
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1665
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1665
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1665
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1665
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1665
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1665
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1665
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1665
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1665
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1665
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1665
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1665
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1665
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1665
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1665
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1665
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1665
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1665
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1665
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1665
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1665
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1665
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1665
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1665
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1665
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1665
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1670
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1675
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1680
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1685
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1685
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1685
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1685
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1685
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1685
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1685
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1685
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1685
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1685
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1685
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1685
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1685
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1685
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1690
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1690
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1690
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1690
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1690
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1690
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1690
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1690
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1690
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1690
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1690
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1690
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1690
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1690
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1690
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1690
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1690
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1690
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1690
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1690
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1690
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1690
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1690
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1690
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1690
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1690
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1690
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1690
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1690
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1690
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1695
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1695
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1695
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1695
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1695
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1695
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1695
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1695
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1695
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1695
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1695
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1695
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1695
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1695
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1695
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1695
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1695
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1695
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1695
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1695
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1695
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1695
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1695
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1695
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1695
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1695
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1695
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1700
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1705
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1705
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1705
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1705
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1705
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1705
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1705
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1705
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1705
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1705
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1705
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1705
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1705
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1705
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1705
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1705
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1705
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1705
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1705
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1705
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1705
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1705
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1705
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1705
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1705
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1705
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1705
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1705
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1705
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1705
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1705
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1705
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1705
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1710
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1715
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1715
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1715
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1715
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1715
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1715
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1715
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1715
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1715
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1715
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1715
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1715
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1715
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1715
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1715
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1715
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1715
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1715
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1715
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1715
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1715
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1715
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1715
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1715
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1715
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1715
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1715
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1715
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1715
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1715
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1715
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1715
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1715
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1715
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1715
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1720
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1720
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1720
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1720
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1720
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1720
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1720
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1720
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1720
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1720
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1720
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1720
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1720
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1720
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1720
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1720
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1720
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1720
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1720
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1720
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1720
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1720
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1720
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1720
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1725
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1725
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1725
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1725
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1725
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1725
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1725
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1725
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1725
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1725
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1725
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1725
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1725
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1725
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1725
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1725
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1725
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1725
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1725
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1725
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1725
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1725
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1725
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1730
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1735
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1735
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1735
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1735
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1735
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1735
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1735
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1735
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1735
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1735
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1735
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1735
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1735
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1735
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1735
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1735
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1735
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1735
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1735
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1735
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1735
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1735
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1735
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1735
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1735
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1735
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1735
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1735
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1735
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1735
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1740
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1740
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1740
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1740
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1740
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1740
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1740
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1740
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1740
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1740
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1740
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1740
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1740
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1740
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1740
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1740
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1740
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1740
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1740
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1740
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1740
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1740
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1740
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1740
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1740
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1745
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1745
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1745
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1745
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1745
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1745
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1745
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1745
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1745
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1745
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1745
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1745
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1745
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1745
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1745
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1745
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1745
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1745
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1745
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1750
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1750
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1750
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1750
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1750
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1750
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1750
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1750
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1750
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1750
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1750
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1750
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1750
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1750
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1750
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1750
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1750
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1750
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1750
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1750
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1750
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1750
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1750
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1750
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1750
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1750
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1755
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1760
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1760
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1760
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1760
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1760
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1760
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1760
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1760
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1760
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1760
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1760
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1760
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1760
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1760
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1760
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1760
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1760
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1760
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1760
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1760
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1760
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1760
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1760
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1760
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1760
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1760
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1760
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1760
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1760
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1760
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1760
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1760
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1760
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1760
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1760
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1765
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1765
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1765
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1765
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1765
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1765
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1765
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1765
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1765
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1765
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1765
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1765
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1765
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1765
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1765
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1765
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1770
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1775
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1775
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1775
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1775
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1775
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1775
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1775
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1775
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1775
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1775
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1775
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1775
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1775
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1775
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1775
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1775
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1775
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1775
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1775
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1775
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1775
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1775
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1780
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1785
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1785
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1785
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1785
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1785
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1785
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1785
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1785
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1785
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1785
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1785
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1785
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1785
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1785
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1785
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1785
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1785
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1785
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1785
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1785
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1785
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1785
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1785
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1785
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1790

ARTICLE IN PRESS

B. Hoen et al. / Médecine et maladies infectieuses xxx (2019) xxx—xxx 37

[170] van de Beek D, de Gans J, Tunkel AR, Wijdicks EF. Community-acquired
bacterial meningitis in adults. N Engl ] Med 2006;354:44-53.

[171] Taskin E, Turgut M, Kilic M, Akbulut H, Aygun AD. Serum procalci-
tonin and cerebrospinal fluid cytokines level in children with meningitis.
Mediators Inflamm 2004;13:269-73.

[172] Kastenbauer S, Pfister HW. Pneumococcal meningitis in adults: spectrum
of complications and prognostic factors in a series of 87 cases. Brain
2003;126:1015-25.

[173] Pfister HW, Feiden W, Einhaupl KM. Spectrum of complications during
bacterial meningitis in adults. Results of a prospective clinical study. Arch
Neurol 1993;50:575-81.

[174] Bouccara D, Simon-Blancal V, Rodallec M, Cyna-Gorse F, Mosnier I,
Fantin B, et al. [Osteomyelitis of the skull base due to otologic or sinus
infections. 5 cases]. Ann Otolaryngol Chir Cervicofac 2007;124:25-32.

[175] Brown NE, Grundfast KM, Jabre A, Megerian CA, O’Malley Jr BW,
Rosenberg SI. Diagnosis and management of spontaneous cerebrospinal
fluid-middle ear effusion and otorrhea. Laryngoscope 2004;114:800-5.

[176] Stoll D, Klossek JM, Barbaza MO. [Prospective study of 43 severe
complications of acute rhinosinusitis]. Rev Laryngol Otol Rhinol (Bord)
2006;127:195-201.

[177] Schlosser RJ, Bolger WE. Nasal cerebrospinal fluid leaks: critical review
and surgical considerations. Laryngoscope 2004;114:255-65.

[178] Schlosser RJ, Bolger WE. Endoscopic management of cerebrospinal fluid
rhinorrhea. Otolaryngol Clin North Am 2006;39:523-38 [ix].

[179] BEH. Calendrier des vaccinations et recommandations vaccinales; 2016
https://www.solidarites-sante.gouv.fr/archives/archives-presse/archives-
communiques-de-presse/article/calendrier-des-vaccinations-2016.

[180] Roed C, Omland LH, Skinhoj P, Rothman KJ, Sorensen HT, Obel N.
Educational achievement and economic self-sufficiency in adults after
childhood bacterial meningitis. JAMA 2013;309:1714-21.

[181] van de Beek D, Schmand B, de Gans J, Weisfelt M, Vaessen H, Dankert
J, etal. Cognitive impairment in adults with good recovery after bacterial
meningitis. J Infect Dis 2002;186:1047-52.

[182] Baraff LJ, Lee SI, Schriger DL. Outcomes of bacterial meningitis in
children: a meta-analysis. Pediatr Infect Dis J 1993;12:389-94.

[183] Pomeroy SL, Holmes SJ, Dodge PR, Feigin RD. Seizures and other
neurologic sequelae of bacterial meningitis in children. N Engl J Med
1990;323:1651-7.

[184] Kaplan SL, Catlin FI, Weaver T, Feigin RD. Onset of hearing loss in
children with bacterial meningitis. Pediatrics 1984;73:575-8.

[185] Weisfelt M, Hoogman M, van de Beek D, de Gans J, Dreschler WA,
Schmand BA. Dexamethasone and long-term outcome in adults with
bacterial meningitis. Ann Neurol 2006;60:456—68.

[186] Teissier N, Doehring I, Noel-Petroff N, Elmaleh-Berges M, Viala P, Fran-
cois M, et al. [Audiophonological evaluation of 16 children fitted with
cochlear implants for sensorineural hearing loss induced by bacterial
meningitis]. Arch Pediatr 2013;20:616-23.

[187] Robinson MG, Watson RJ. Pneumococcal meningitis in sickle-cell ane-
mia. N Engl J Med 1966;274:1006-8.

[188] Durand ML, Calderwood SB, Weber DJ, Miller SI, Southwick FS, Cavi-
ness Jr VS, et al. Acute bacterial meningitis in adults. A review of 493
episodes. N Engl J Med 1993;328:21-8.

[189] Tunkel AR, Scheld WM. Acute bacterial meningitis. Lancet
1995;346:1675-80.



https://doi.org/10.1016/j.medmal.2019.03.009
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1795
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1795
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1795
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1795
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1795
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1795
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1795
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1795
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1795
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1795
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1795
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1795
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1795
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1795
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1795
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1795
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1795
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1795
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1795
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1795
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1795
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1795
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1795
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1795
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1795
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1795
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1795
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1795
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1800
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1800
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1800
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1800
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1800
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1800
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1800
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1800
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1800
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1800
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1800
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1800
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1800
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1800
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1800
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1800
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1800
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1800
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1800
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1800
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1800
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1800
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1800
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1800
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1800
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1800
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1800
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1800
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1800
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1800
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1800
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1800
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1800
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1800
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1800
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1805
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1805
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1805
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1805
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1805
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1805
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1805
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1805
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1805
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1805
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1805
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1805
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1805
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1805
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1805
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1805
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1805
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1805
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1805
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1805
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1805
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1805
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1805
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1805
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1805
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1805
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1810
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1810
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1810
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1810
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1810
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1810
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1810
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1810
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1810
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1810
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1810
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1810
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1810
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1810
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1810
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1810
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1810
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1810
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1810
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1810
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1810
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1810
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1810
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1810
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1810
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1810
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1810
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1810
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1810
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1810
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1815
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1820
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1820
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1820
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1820
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1820
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1820
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1820
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1820
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1820
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1820
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1820
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1820
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1820
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1820
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1820
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1820
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1820
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1820
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1820
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1820
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1820
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1820
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1820
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1820
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1820
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1820
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1820
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1820
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1820
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1820
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1820
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1820
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1820
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1820
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1820
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1825
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1825
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1825
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1825
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1825
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1825
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1825
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1825
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1825
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1825
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1825
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1825
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1825
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1825
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1825
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1825
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1825
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1825
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1825
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1825
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1825
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1825
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1825
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1825
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1825
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1825
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1825
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1825
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1830
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1830
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1830
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1830
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1830
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1830
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1830
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1830
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1830
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1830
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1830
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1830
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1830
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1830
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1830
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1830
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1830
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1830
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1830
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1830
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1835
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1835
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1835
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1835
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1835
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1835
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1835
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1835
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1835
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1835
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1835
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1835
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1835
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1835
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1835
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1835
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1835
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1835
https://www.solidarites-sante.gouv.fr/archives/archives-presse/archives-communiques-de-presse/article/calendrier-des-vaccinations-2016
https://www.solidarites-sante.gouv.fr/archives/archives-presse/archives-communiques-de-presse/article/calendrier-des-vaccinations-2016
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1845
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1845
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1845
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1845
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1845
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1845
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1845
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1845
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1845
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1845
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1845
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1845
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1845
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1845
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1845
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1845
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1845
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1845
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1845
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1845
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1845
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1845
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1845
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1845
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1845
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1845
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1845
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1845
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1845
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1845
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1845
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1845
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1845
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1845
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1850
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1855
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1855
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1855
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1855
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1855
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1855
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1855
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1855
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1855
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1855
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1855
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1855
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1855
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1855
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1855
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1855
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1855
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1855
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1855
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1855
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1855
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1855
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1860
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1860
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1860
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1860
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1860
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1860
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1860
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1860
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1860
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1860
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1860
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1860
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1860
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1860
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1860
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1860
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1860
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1860
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1860
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1860
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1860
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1860
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1860
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1860
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1860
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1860
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1865
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1865
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1865
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1865
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1865
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1865
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1865
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1865
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1865
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1865
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1865
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1865
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1865
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1865
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1865
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1865
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1865
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1865
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1865
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1865
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1865
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1865
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1865
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1865
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1865
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1870
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1870
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1870
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1870
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1870
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1870
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1870
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1870
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1870
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1870
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1870
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1870
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1870
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1870
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1870
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1870
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1870
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1870
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1870
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1870
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1870
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1870
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1870
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1870
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1870
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1870
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1870
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1870
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1870
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1870
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1870
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1870
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1870
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1870
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1875
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1880
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1880
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1880
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1880
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1880
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1880
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1880
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1880
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1880
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1880
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1880
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1880
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1880
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1880
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1880
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1880
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1880
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1880
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1885
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1890
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1890
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1890
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1890
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1890
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1890
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1890
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1890
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1890
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1890
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1890
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1890
http://refhub.elsevier.com/S0399-077X(18)30042-8/sbref1890

	Management of acute community-acquired bacterial meningitis (excluding newborns). Long version with arguments
	1 French infectious diseases society (SPILF)
	2 Board of consensus conferences and guidelines of the French infectious diseases society
	3 Organizing committee
	4 Members of the organizing committee
	5 Expert group
	6 Members of the literature analysis group
	7 Members of the reviewing group
	8 Jury chairman of the 2008 conference
	9 Expert and reviewing group
	10 Introduction
	11 Question 1 – What is the initial diagnostic management of patients presenting with a suspicion of bacterial meningitis?
	11.1 When should meningitis diagnosis be considered?
	11.1.1 Children
	11.1.2 Adults

	11.2 Which biological examinations should be performed to determine the bacterial etiology?
	11.2.1 Contraindications to the lumbar puncture
	11.2.2 Cytobacteriological examination of CSF
	11.2.2.1 Cytological examination
	11.2.2.2 Direct microbiological examination following Gram staining
	11.2.2.3 Soluble antigen detection
	11.2.2.3.1 Latex agglutination test
	11.2.2.3.2 Immunochromatographic test (BINAX Now Streptococcus pneumoniae® test)


	11.2.3 Culture
	11.2.4 Assessment of antibiotic susceptibility
	11.2.5 Bacterial detection using direct gene amplification
	11.2.6 Other bacteriological examinations
	11.2.6.1 Blood cultures
	11.2.6.2 Skin biopsy

	11.2.7 Biochemical examinations
	11.2.7.1 In CSF
	11.2.7.1.1 CSF glucose levels
	11.2.7.1.2 CSF protein level
	11.2.7.1.3 CSF lactate levels

	11.2.7.2 In blood
	11.2.7.2.1 Procalcitonin (PCT)


	11.2.8 Combining parameters: decision algorithms

	11.3 Which patients should undergo a CT scan before lumbar puncture?
	11.3.1 Recommendations


	12 Question 2 – What is the initial antibiotic therapy for patients presenting with a suspicion of bacterial meningitis?
	12.1 Should the antibiotic therapy be urgently prescribed to patients presenting with a suspicion of bacterial meningitis?
	12.2 Which patients should receive an antibiotic therapy before lumbar puncture?
	12.3 Which antibiotic therapy should be prescribed to patients presenting with a suspicion of bacterial meningitis?
	12.3.1 Epidemiological data
	12.3.2 Pediatric meningitis (excluding neonatal meningitis)
	12.3.2.1 S. pneumoniae
	12.3.2.2 N. meningitidis
	12.3.2.3 Other bacteria currently responsible for pediatric meningitis

	12.3.3 Adult meningitis
	12.3.4 Antibiotic susceptibility
	12.3.4.1 S. pneumoniae
	12.3.4.2 N. meningitidis
	12.3.4.3 H. influenzae

	12.3.5 Other bacteria
	12.3.6 Conclusion

	12.4 Objectives of the antibiotic therapy in bacterial meningitis
	12.4.1 Case fatality
	12.4.2 Morbidity
	12.4.3 Objectives
	12.4.4 Pharmacokinetics and pharmacodynamic parameters

	12.5 Administration modalities
	12.6 Most frequently used molecules
	12.6.1 Cephalosporins
	12.6.2 Vancomycin
	12.6.3 Treatment foresight

	12.7 Arguments for a monotherapy with high doses of 3GC (cefotaxime or ceftriaxone) for pneumococcal meningitis
	12.7.1 Epidemiology
	12.7.2 Clinical studies and analysis of treatment failures
	12.7.3 Pharmacokinetic/pharmacodynamic parameters
	12.7.4 Evolution
	12.7.5 Pediatric specifics

	12.8 First-line antibiotic therapy for acute community-acquired meningitis, except in newborns
	12.8.1 Positive direct examination or positive PCR tests
	12.8.1.1 S. pneumoniae suspicion
	12.8.1.2 N. meningitidis suspicion
	12.8.1.3 Listeriosis suspicion
	12.8.1.4 H. influenzae suspicion
	12.8.1.5 E. coli suspicion

	12.8.2 Negative direct examination and negative PCR tests
	12.8.2.1 No evidence for listeriosis
	12.8.2.2 Evidence for listeriosis
	12.8.2.3 Beta-lactam allergy
	12.8.2.4 Renal function and antibiotic therapy for bacterial meningitis



	13 Question 3 – What is the initial therapeutic management for patients presenting with a suspicion of bacterial meningiti...
	13.1 When should corticosteroids be prescribed and what is the recommended regimen?
	13.2 Recommendations
	13.2.1 Adults
	13.2.2 Children or infants

	13.3 Should other urgent measures be introduced and where should patients be managed?
	13.3.1 Hospitalization ward
	13.3.2 Treatment of seizures
	13.3.3 Treatment of intracranial hypertension (ICH)
	13.3.4 Preventing fluid and electrolyte disturbances, fever, and hyperglycemia


	14 Question 4 – What is the subsequent management?
	14.1 What is the antibiotic therapy and its duration after the initial phase?
	14.1.1 Documented pneumococcal meningitis
	14.1.2 Documented meningococcal meningitis
	14.1.3 Documented L. monocytogenes meningitis
	14.1.4 Other bacteria
	14.1.5 Management strategies in the absence of microbiological documentation (sterile CSF and blood cultures at 48–72hours...

	14.2 What are the benefits of and indications for cerebrospinal fluid control?
	14.3 When are imaging tests indicated?
	14.4 How is the infection portal of entry managed?
	14.5 What is the follow-up for each type of patients?
	14.5.1 One month after hospital discharge
	14.5.2 Up to one year following meningitis onset
	14.5.3 More than one year following meningitis onset (children)


	Fundings
	Disclosure of interest
	References


