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Abstract

The incidence of bacterial meningitis has
decreased in the last two decades thanks to

the development and, finally, inclusion in

the vaccination schedule of vaccines against

S. pneumoniae and N. meningitidis. However,
they continue to present a high morbidity and
mortality, like herpetic encephalitis.

The emergence of new diagnostic tools, such as
multiple panels of polymerase chain reaction
techniques that currently provide results in a
few hours, has facilitated the early etiological
diagnosis of these entities. Until microbiological
confirmation, several validated scores are also
available, that allow us to identify those patients
with pleocytosis and a very low risk of presenting
bacterial meningitis and reduce the rate of
admission and empirical antibiotic treatment.
For secondary prevention, it is necessary to know
the criteria for close contact in a case of invasive
infection by N. meningitidis or H. influenzae.
This enables limiting the use of chemoprophylaxis
to those individuals for whom it is truly indicated
and reducing the risk of developing a secondary
case.

Resumen

La incidencia de meningitis bacteriana ha disminuido
en las Ultimas dos décadas gracias al desarrollo y,
finalmente, inclusion en el calendario vacunal, de las
vacunas frente al S. pneumoniaey el N. meningitidis.
Sin embargo, siguen presentando una elevada
morbimortalidad, al igual que las encefalitis herpéticas.
La aparicién de nuevas herramientas diagnésticas,
como los paneles multiples de técnicas de reaccion
en cadena de la polimerasa que, en la actualidad,
proporcionan resultados en pocas horas, ha facilitado
el diagnéstico etiolégico precoz de estas entidades.
Hasta la confirmaciéon microbiolégica, disponemos,
ademas, de varios scores validados que permiten
identificar aquellos pacientes con pleocitosis y muy
bajo riesgo de presentar una meningitis bacteriana y
reducir la tasa de ingreso y de tratamiento antibiético
empirico.

Con vistas a la prevencion secundaria, es necesario
conocer los criterios de contacto estrecho ante un
caso de infeccién invasiva por N. meningitidis o

H. influenzae. Esto permite limitar el uso de la
quimiprofilaxis a aquellos individuos en los que
verdaderamente esta indicada y reducir en ellos el
riesgo de desarrollar un caso secundario.
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OBJECTIVES

To recognize the symptoms and signs suggestive of CNS infection.

To adequately carry out the initial stabilization of patients with
clinical suspicion of bacterial meningitis or encephalitis, using
the ABCDE system.

To be aware of the diagnostic criteria for encephalitis and low risk
criteria for bacterial meningitis in a patient with pleocytosis.

To prescribe the appropriate antibiotic or antiviral treatment based
on the clinical suspicion and the most probable etiological agents
in each case.

To know, if faced with a case of invasive infection by

N. meningitidis or H. influenzae, the criteria for considering
aperson as a close contact, as well as the secondary
chemoprophylaxis guidelines recommended in these cases.
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Introduction

Infections of the central nervous system are rare entities, but with
high morbidity and mortality in case of bacterial meningitis and
herpetic encephalitis.

for consultation, both in Primary Care and in the hos-
pital setting, but those that affect the central nervous
system (CNS) are less common. Although most of them
are viral in origin and have a good prognosis, the morbidity
and mortality of these infections remains high, even in our
environment.
CNS infections can manifest as:

]: nfections in the pediatric age are a very frequent reason
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* Meningitis: inflammation of the
meninges that affects the pia mater,
arachnoid and subarachnoid space.
It presents with pleocytosis, which is
defined as increased cellularity of the
cerebrospinal fluid (CSF): more than
25 cells per microliter in the neonate,
more than 10 in the infant between
1 and 2 months and above 5 cells
per microliter in patients older than
2 months.

* Encephalitis: inflammation of the
brain parenchyma associated with
neurological dysfunction, due to
infectious or immune-mediated cau-
ses. It is a clinical diagnosis in which
the guiding symptom is alteration in
the mental status, which can present
as a decrease or alteration in the state
of consciousness, lethargy or perso-
nality changes.

* Meningoencephalitis: clinical syn-
drome characterized by signs and
symptoms consisting of inflam-
mation of the meninges and brain
parenchyma.

Epidemiology

The vast majority of meningitis are of viral
etiology, especially enteroviruses. S. pneu-
moniae and N. meningitis are the most
common causes of bacterial meningitis
outside the neonatal period.

Only 5% of meningitis are bacte-
rial. The germs involved vary with
age, with group B Streptococcus and
E. coli being the most prevalent in the
first 2-3 months of life (age period of
highest incidence), and S. preumoniae
and N. meningitidis in older infants
and children®W. L. monocytogenes, a
bacteria classically implicated in neona-
tal meningitis, is currently a rare cause.
Tuberculous meningitis is not common
in our environment.

Among the causes of viral meningitis,
enteroviruses (85-95%, mainly Echovi-
rus) are the most common. It is difficult
to know the exact incidence of CNS
viral infections, since the etiological
diagnosis is not always made. They are
more frequent in the spring, summer and
autumn months, and have two peaks of
incidence in Pediatrics: under one year
of age and between 5-10 years of age.

Regarding meningoencephalitis,
members of the Herpesviridae family
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are the most common cause in our envi-
ronment?). Herpes simplex virus type
1is an important cause of severe spora-
dic encephalitis that, without antiviral
treatment, can progress to coma and
death in up to 70%0). Next in frequency
are herpes virus type 2 (which predo-
minates in neonates), Epstein-Barr virus
and human herpesvirus 6. Other less
common viral causes are: respiratory
viruses and rotavirus; in non-immu-
nized patients, measles, rubella and
mumps viruses; and in immunocom-
promised patients, cytomegalovirus.
Although rare in our environment, the
possibility of emerging viruses should
also be taken into account, such as West
Nile virus, transmitted by mosquitoes,
or the flavivirus causing Central Euro-
pean encephalitis, transmitted by the
deer tick (it has also been described
through unpasteurized milk).

Pathophysiology

In bacterial meningitis, the symptoms and
possible lesions and sequelae are determi-
ned by the interrelation of the pathogen’s
virulence factors and the host’s immune
response and the inflammatory process that
this causes.

The process by which bacterial
meningitis develops begins with the
colonization of the respiratory, gastroin-
testinal or urinary tract, from where the
bacteria invades the bloodstream. Cer-
tain host factors (asplenia, complement
or antibody deficiency, immunosuppres-
sive treatments...) and having suffered
from certain previous viral infections,
such as the flu, favor this invasion.
Once in the bloodstream, the bacte-
rial polysaccharide capsule inhibits the
deposition of adhesins, and phagocyto-
sis and different molecules of the bacte-
rial surface act on specific components
of the complement, facilitating the
survival of bacteria against the immune
system and meningeal invasion. This is
facilitated the longer the duration and
degree of bacteremia.

In the case of §. pneumoniae and
H. influenzae, there is evidence that
the choroid plexus is the initial entry
point into the ventricular system. Once
they reach the CSF, bacteria can mul-
tiply rapidly, due to the low concentra-
tions of immunoglobulins and comple-

ment that exist there. The accumulation
of neutrophils in the CSF is mainly tri-
ggered by the complement component
C5a and is related to the severity of the
disease. Currently, the only adjuvant
treatment that has proven useful in
reducing mortality in developed coun-
tries is dexamethasone, in the treatment
of pneumococcal meningitis. However,
studies are being developed with other
drugs that, in the future, may improve
the prognosis of these patients, such as
C5a receptor blockers or matrix-meta-
lloproteinase inhibitors (doxycycline)®.
On the other hand, the bacterial
fragments produced after the death of
the bacteria due to antibiotic treatment
stimulate the immune system, genera-
ting a powerful inflammatory response.
This has raised the hypothesis that the
use of non-bacteriolytic antibiotics,
such as daptomycin, can reduce this
pro-inflammatory response and pre-
vent neuronal damage, although there
are still not enough studies to support it.
As mentioned above, the pathophysio-
logy and clinical translation of bacterial
meningitis are defined by the interre-
lationship of the pathogen’s virulence
factors and the host’s immune response.
Once the inflammatory process has
begun, damage to the endothelium of
the blood-brain barrier occurs, causing
vasogenic edema, loss of cerebral autore-
gulation, vasogenic cerebral edema, and
increased intracranial pressure. All of
them can lead to: hydrocephalus, seizures,
motor or sensory deficits, and even coma.
In CNS infections due to enterovi-
ruses, on the contrary, the transmission
is usually via the fecal-oral route. The
viral particles bind to specific receptors
on the enterocytes and cross the intes-
tinal mucosa, reaching Peyer’s patches
where they replicate. Transmission
through inhalation of infected droplets
and subsequent virus replication in the
nasopharynx is much less common. In
either case, a primary viremia occurs
that allows the virus to spread to other
organs, such as the liver and spleen,
where it replicates again and, subse-
quently, a secondary viremia. In either of
the two periods of viremia, the virus can
reach the CNS, although the mechanism
by which it does so is still unknown.
Regarding viral encephalitis, HSV-1
is transmitted mainly by direct contact
and can reach the CNS by hematogenous



dissemination, direct extension through
the cribriform plate or by a neurogenic
route. HSV-2 is transmitted mainly
through sexual contact, making it a
much less common cause of encepha-
litis, except in the neonate. Viruses can
also cause post-infectious encephalitis,
triggering an autoimmune response; in
this case, the virus would not be detec-
ted in microbiological tests performed

on CSF.

Clinical manifestations

Signs and symptoms of meningeal inflam-
mation are more frequent and intense in
meningitis of bacterial origin. In encepha-
litis, the guiding symptom is the altered
level of consciousness.

* Meningitis: most patients present
with fever and symptoms or signs
suggestive of meningeal inflam-
mation, although, as in other enti-
ties, the symptoms can be more
subtle and nonspecific in young
infants and especially in neonates. In
these two groups, the initial symp-
toms may be refusal to feed, irritabi-
lity, vomiting or weakness. In older

children and adolescents, the symp-
toms of meningeal inflammation and
intracranial hypertension (ICH) are
more evident: headache, photopho-
bia, neck stiffness, and even altered
level of consciousness®). Patients
with bacterial meningitis tend to
present, more frequently than those
with viral meningitis, abnormality of
the Pediatric Assessment Triangle,
mainly in relation to the side that
evaluates appearance(©).

During the examination, certain

signs suggestive of meningeal

inflammation can be identified:

- Neck stiffness: inability for the
chin to touch the chest, presen-
ting a limitation to passive flexion
of the neck. Although it is a sign
highly suggestive of meningitis, it
can appear in other entities, both
of neurological (cervical epidural
hematoma, subarachnoid hemo-
rrhage, epidural abscess, brain
tumor...) and non-neurological
origin (cervical lymphadeno-
pathy, retropharyngeal abscess,
upper lobe pneumonia, muscle
contracture, discitis...).

- Kernig sign: the patient, in a su-
pine position and keeping the hip
and knee flexed at 90°, is unable
to extend the knee more than
135° or when doing so flexes the
opposite knee.

- Brudzinski sign: the supine pa-
tient flexes the lower extremities
when passive neck flexion is per-
formed.

- Bulging fontanelle: in the infant,
it may indicate the presence of
ICH,; this finding appears to be
much less frequent in the neona-
te(?). It may be absent if dehydra-
tion is associated.

As for the neurological findings
themselves, the majority of patients
with bacterial meningitis present
some degree of altered level of cons-
ciousness (drowsiness, irritability,
lethargy or even coma), this being
one of the strongest predictors of
mortality or sequelae®). It is estima-
ted that 20-30% of bacterial menin-
gitis generate seizures, although this
percentage is increased in the neo-
nate. In meningitis of viral etiology,
both altered level of consciousness
and seizures are less frequent signs,
while the rest of the symptoms are
usually common, although of less
intensity.
Certain skin lesions can point to spe-
cific etiologies. The presence of pete-
chial or purpuric rash is characteristic
of N. meningitidis, although most
meningococcal meningitis without
associated sepsis do not present it().
A maculopapular palmoplantar rash,
herpangina, or lesions suggestive of
hand-foot-mouth disease may be
seen in enterovirus meningitis. Ente-
rovirus infections can also present
petechial rash, although in this case
it is usually punctate elements and
the purpuric and hemorrhagic com-
ponent characteristic of V. menin-
gitidis is exceptional.

Encephalitis: the defining symp-

tom of encephalitis is altered level

of consciousness. This may present
as a decreased or fluctuating level
of consciousness, lethargy, or chan-
ges in personality or behavior. In
addition to this, the most common
symptoms are fever, seizures and the
appearance of focal neurological fin-
dings, the most common being cra-
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nial nerve palsy, alteration of move-
ments and ataxia@?). Again, neonates
and very young infants may initially
present with nonspecific symptoms,
such as irritability, lethargy, or refu-
sal to feed.

As in meningitis, certain skin lesions
can guide the etiology: palmoplantar
rash or typical of the mouth-hand-
foot in the case of enteroviruses, and
vesicular lesions in herpes encepha-
litis. Other less frequent causes
should be considered: history of tick
bite (Borrelia or Rickettsia), bites or
scratches (Bartonella and Arbovirus)
or travel to an endemic area (Rocky
Mountain Fever, Rabies, West Nile
Virus, Dengue...).

Diagnosis

There are scores that allow identifying
patients with pleocytosis and low risk of
bacterial meningitis. The clinical picture
and certain complementary tests guide the
suspicion of encephalitis, but the diagnosis
is only given by microbiological confirma-
tion.

The diagnosis of CNS infection is
guided by clinical history and physical
examination, but the cornerstone for its
diagnosis remains to be the study of the
CSF. This is the basis of the diagnosis
and the interpretation of its different
parameters, which usually guides the
initial decision making. Other com-
plementary tests, such as blood tests,
imaging and neurophysiological tests,
can support the clinical suspicion.

* Meningitis: the CSF cytochemistry
analysis helps in the initial approach
of the etiology of meningitis (Table
I). The acute phase reactants in blood
that offer the greatest performance in
the identification of bacterial menin-
gitis are:

- Serum procalcitonin (PCT):
strongest predictor to differen-
tiate bacterial from viral menin-
gitis. The cut-off point of 0.5 ng/
mL has a sensitivity of 99% and
a specificity of 83%(1).

- Leukocyte count: Neutrophilia
>10,000/mcL is associated with
increased risk.

- Serum C-reactive protein, which
increases in processes lasting
more than 6-12 hours.
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Table I. Common cytochemical characteristics of cerebrospinal fluid in bacterial,

viral and tuberculous meningitis

Bacterial

Pleocytosis >1,000/mcL

Viral

<500-1,000/mcL

Tuberculosis

10-500/mcL

Predominance  Polymorphonuclear

Lymphomonocytic

Lymphomonocytic

Proteins >80 mg/dl

<80 mg/dl

Elevated

Glucose <50 mg/dl

There are validated clinical predic-
tion rules that, by combining clini-
cal and analytical parameters, allow
identifying patients with pleocytosis
and low risk of bacterial meningi-
tis. Those that have demonstrated
greater performance are the Bac-
terial Meningitis Score (BMS)(12)
and, above all, the Meningitis Score
for Emergencies (MSE), published
more recentlyd3). Table II shows
the parameters included in each
of them. It should be taken into
account that they are not applicable
to patients who have received anti-
biotic treatment in the last 72 hours
or with any risk factor for bacterial
meningitis (poor general condition,
purpuric rash, immunosuppressed,
CSF shunt or recent neurosurgery).
The BMS is validated in patients
from 3 months of age and the MSE
in patients from one month of age.
* Encephalitis: it is a clinical diagno-
sis, in which the guiding symptom
is the alteration of the mental state,
which can present as a decrease or
alteration of the state of conscious-
ness, lethargy or personality chan-
ges. This major criterion must be
accompanied by at least two of the
following minor criteria to define
possible encephalitis, and three to
define probable encephalitis®4). The
definitive diagnosis is only given by
microbiological isolation.
Minor criteria:
- Fever 238°C in the 72 hours befo-
re or after the onset of symptoms.
- Focal or generalized seizures not
attributable to previous comorbi-
dity.
- New neurological focality.
- Pleocytosis in CSF.
- Imaging test with alterations of
the brain parenchyma suggestive
of encephalitis.
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Normal

20-40 mg/dl

- Electroencephalogram with al-
terations compatible with en-
cephalitis and not attributable to
another cause.

The CSF cytochemistry characte-
ristics may vary depending on the
causative germ. It is common to
find mild pleocytosis (<1,000 mm?3),
initially with a predominance of
polymorphonuclear cells and later
of mononuclear cells. Proteins are
usually increased in relation to tis-
sue destruction, and glucorrhachia is
usually normal. However, there are
viral etiologies that may not cause
large cytochemical changes, such as
parechoviruses.

In both meningitis and encephalitis,
microbiological isolation of the causa-
tive germ will provide the definitive
diagnosis and etiology. Classically,
microbiological diagnosis was based
on CSF culture. However, cultures
take time and sensitivity for diagno-

sing infections is not optimal. In fact,
viral culture has been reviled. In recent
years, the emergence of rapid molecu-
lar diagnostic techniques, such as the
polymerase chain reaction (rt-PCR)
technique, based on the amplification of
genetic material (DNA or RNA), allow
the diagnosis of multiple pathological
processes. The new commercialized rt-
PCR techniques do not require complex
prior manipulations and rapid results are
obtained, even at the bedside. Current
rapid multiple rt-PCR in CSF allows
the presence of genetic material from
several microorganisms to be identified
in approximately one hour, even in those
previously treated with antibiotics. Even
so, bacterial culture is still indicated as
it also allows the performance of the
antibiogram.

In all patients with clinical suspi-
cion of meningitis, bacterial culture
and rt-PCR should be requested, at
least, for §. pneumoniae, N. menin-
gitidis and enterovirus and parecho-
virus. If encephalitis is suspected,
the study should be expanded with
rt-PCR for herpes simplex viruses 1,
2 and 6, and other microorganisms
depending on the associated clinical
symptoms or the epidemic situation
(influenza). It is also advisable to
perform an rt-PCR for Mycoplasma
pneumoniae in a pharyngeal swab
and for enterovirus in stool and/or
oropharyngeal sample. In both cases,
if available, it is recommended to

Table Il. Bacterial Meningitis Score and Meningitis Score for Emergencies

Bacterial Meningitis Score
(BMS)
- Positive CSF Gram stain (2 points)
- Neutrophils >1,000/mcL in CSF
(1 point)
- Proteins >80 mg/dL in CSF (1 point)

- Neutrophils >10,000/mcL in blood
(1 point)
- History of seizure (1 point)

Meningitis Score for Emergencies
(MSE)

- PCT >1.2 ng/mL in blood (3 points)

- Proteins >80 mg/dL in CSF (2 points)
PCR >40 mg/dL in blood (1 point)

- Neutrophils >1,000/mcL in CSF
(1 point)

- BMS >1:
« Sensitivity 99.3% (98.7-99.7%)
 Specificity 62.1% (60.5-63.7%)
* NPV 99.6% (99.3-99.9%)
» PPV 28.1 (22.6-33.9%)

- MSE >1:
+ Sensitivity 100% (95-100%)
» Specificity 83.2% (80.6-85.5%)
* NPV 100% (99.4-100%)
* PPV 37.4% (31.4-43.8%)

CSF: cerebrospinal fluid; PCT: procalcitonin; CRP: C-reactive protein;
NPV: negative predictive value; PPV: positive predictive value.



request a multiple rt-PCR in CSF,
which includes all these agents and
other less frequent ones.

Differential diagnosis

Although less frequent, a differential
diagnosis should be considered with other
entities, such as acute disseminated
encephalomyelitis or certain autoimmune
encephalitis.

In previous sections, the differen-
tiating clinical characteristics between
viral and bacterial meningitis have
already been discussed. Within the lat-
ter, certain pathogens such as M. fuber-
culosis, 1. pallidum and B. burgdorferi
(Lyme disease) tend to produce more
insidious symptoms.

Other non-infectious processes can
also cause inflammation of the CNS
and cause symptoms similar to those
of viral meningoencephalitis; this is the
case of neoplastic diseases, intracranial
hemorrhages, exposure to drugs or tox-
ins and autoimmune diseases. Among
the latter, acute disseminated encepha-
lomyelitis (ADEM) is considered the
leading cause of autoimmune encepha-
litis in children and adolescents(®%). It
presents acutely with multifocal neuro-
logical deficits, symptoms of encepha-
lopathy and signs of demyelination on
brain MRI. Usually, the clinical course
is rapidly progressive over several days,
and admission to the intensive care unit
may be necessary in case of brain stem
dysfunction or increased intracranial
pressure.

Another diagnosis to take into
account is autoimmune encephalitis, due
to antibodies against the N-methyl-D-
aspartate receptor (anti-NMDA), which
is, after ADEM, the second cause of
autoimmune encephalitis in the pedia-
tric population6). In this case, after an
initial prodrome of headache and fever
that can be confused with any viral
process, the patient begins with new
symptoms, among which those of the
psychiatric sphere stand out (anxiety,
agitation, behavioral alterations, hallu-
cinations and even psychotic symp-
toms). It may be associated with sleep
and memory disturbances, seizures,
dyskinesia and autonomic instability
(hyperthermia, alterations in blood
pressure and heart rate...).

Treatment

If bacterial meningitis or herpetic encepha-
litis is suspected, it is essential to carry
out adequate initial stabilization using the
ABCDE assessment and initiate antibiotic
or antiviral treatment early to reduce mor-
bidity and mortality.

The treatment of patients with
meningitis or encephalitis is based on
stabilization and early initiation of anti-
biotic or antiviral treatment, in cases
with suspected bacterial meningitis or
viral encephalitis, respectively.

1. Initial stabilization: it will begin
with the assessment of the pedia-
tric evaluation triangle (PET).
Patients with bacterial meningitis
or encephalitis usually present with
CNS dysfunction (less frequently
compensated or decompensated
shock), although in the initial stages
they may present a normal PET.

In every patient with an altered

PET, the ABCDE approach and the

necessary support measures should

be performed according to the iden-
tified findings.

* Airway: usually patent, but can be
compromised if there is a decrease
in the level of conscience.

* Ventilation: determination of res-
piratory rate and O, saturation.
If appearance is altered and if a
non-invasive capnograph is avai-
lable, determination of exhaled
CO,. Administration of oxygen
therapy. If polypnea, the possi-
bility of compensatory metabolic
acidosis that could indicate an as-
sociated sepsis situation should be
assessed.

* Circulation: determine heart rate
and blood pressure. Evaluate capi-
llary refill, peripheral pulses, colo-
ration and thermal gradient. The
alteration of any of these data may
indicate an alteration in perfusion
and, therefore, an associated shock
situation. Peripheral catheteriza-
tion and, in case of tachycardia,
hypotension or signs of poor per-
fusion, start expansions with iso-
tonic fluids at 10 ml/kg, assessing
response and repeating if neces-
sary until these parameters impro-
ve. If there is no shock situation, it
is recommended to wait until the
sodium level is available to start
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the most appropriate fluid thera-
py: maintenance fluid therapy, if
the sodium level is 2135 mEq/L;
and restriction to 60-75% of the
maintenance rate, if sodium levels
are <130 mEq/L, due to the risk
of developing a syndrome of inap-
propriate antidiuretic hormone se-
cretion (STADH).

* Neurological status: assess alert-
ness (AVPU scale), characteristics
of the pupils that may indicate
signs of ICH, and the presence
of anomalous postures or move-
ments. If the child only responds
to painful stimuli, consider Glas-
gow <9 and assess the need to
instrument the airway. If an ac-
tive seizure occurs, give priority
to maintaining the airway and,
in the event of a seizure lasting
more than 5 minutes, administer
a benzodiazepine (intravenous as
the first option, intramuscular,
intranasal or buccal as an alter-
native, if venous access is not avai-
lable). Determine blood glucose
and assess pain, administering
appropriate analgesia if necessary.

*  Exposure: identify skin lesions that
can guide the etiology of the con-
dition and determine the tempe-
rature. Protect from hypothermia.

2. Antibiotic or antiviral treatment:

* Antibiotic treatment: in pre-
viously healthy patients with nor-
mal PET and suspected meningi-
tis, the decision to start antibiotic
treatment will be determined by
the presence or absence of clinical
risk factors and the BMS or MSE
score. In those patients without
risk factors and with scores indi-
cating a very low risk (BMS/MSE
= 0), supportive treatment and cli-
nical control are appropriate.

In patients with altered PET, risk
factors or BMS/MSE scores 1,
antibiotic treatment will be initia-
ted. Ideally, it is recommended to
administer the first dose once the
lumbar puncture has been perfor-
med, so as not to affect the per-
formance of the Gram stain and
CSF culture. However, in the case
of a patient with a high suspicion
of unstable bacterial etiology or in
whom the lumbar puncture must
be delayed, antibiotic therapy will
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be initiated once the blood culture
has been extracted, to avoid delays
affecting the prognosis.
Due to the limitation to cross
the hematoencephalic barrier, the
concentration that most antibio-
tics reach in the CSF is only 10-
20% of that reached in the blood.
However, this increases in the first
24 hours of the infectious process,
due to the greater permeability
caused by the inflammatory res-
ponse. Empirical treatment in
previously healthy patients, out-
side the neonatal period, is:

- Vancomycin 15 mg/kg/6 h
(max. 1 g/6 h).

- Ceftriaxone 50 mg/kg/12 h
(plus 2 g/12 h) or cefotaxime
75 mg/kg/6 h (max. 2 g/6 h).

In areas with low prevalence of
cephalosporin resistant S. pneu-
moniae (including intermediate
resistance), monotherapy with
ceftriaxone/cefotaxime may be
considered.

In neonatal meningitis, empirical

treatment will be:

- Ampicillin 75 mg/kg/6 h in
>7 days and 100 mg/kg/8 h
in <7 days.

- Ceftazidime 50 mg/kg/8 h.

Once the causative bacteria is

isolated, the antibiotic treatment

will be modified to the specific
regimen (Table III)(7). Repea-
ting the lumbar puncture will be
considered if there is no clinical
improvement within 48 hours

(fever may persist longer), there

is clinical worsening after initial

improvement, and in meningitis
due to gram-negative bacilli.

* Antiviral treatment: most patients
with viral meningitis do not re-
quire antiviral treatment. Empiri-
cal treatment will be started with
acyclovir in patients with clinical
suspicion of encephalitis. Dose:

- Neonate: 20 mg/kg/8 h.

- <12 years: 10-15 mg/kg/8 h.

- 212 years: 10 mg/kg/8 h.

* Dexamethasone: different studies
have analyzed the usefulness of
dexamethasone as an adjuvant
treatment in patients with bac-

Table Ill. Specific antibiotic regimens depending on the isolated bacteria
Bacteria Treatment Duration
S. Sensitive to penicillin Penicillin G or 10-14 days
pneumoniae ceftriaxone/cefotaxime

Not sensitive to Ceftriaxone/cefotaxime

penicillin and sensitive

to ceftriaxone/

cefotaxime

Not sensitive to Vancomycin +

penicillin and ceftriaxone/cefotaxime

intermediate sensitive Consider adding

to ceftriaxone/ rifampicin, if there is no

cefotaxime clinical improvement

Not sensitive to Vancomycin +

penicillin and resistant ceftriaxone / cefotaxime

to ceftriaxone/ + rifampicin

cefotaxime
N. meningitidis Ceftriaxone/cefotaxime 5-7 days
H. influenzae Ceftriaxone/cefotaxime 7-10 days
S. agalactiae Penicillin G or ampicillin 14-21 days
E. coli and other enterobacteria Ceftriaxone/cefotaxime 21 days
S. aureus Methicillin sensitive Cloxacillin 14 days

Methicillin resistant Vancomycin
Listeria Ampicillin 21-28 days
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terial meningitis. Several meta-
analyses show that it reduces the
rate of deafness in Haemophilus
meningitis, but without differences
in meningitis due to other bacte-
ria. Nor does it reduce mortality or
the rate of other sequelae(18). The
benefit appears to be greater when
administered in short-term pro-
cesses and it should be taken into
account that its use could reduce
the penetration of vancomycin
through the blood-brain barrier.
Given that in our environment,
Haemophilus meningitis is cu-
rrently very rare, its use only seems
indicated in patients with risk fac-
tors for it (sickle cell anemia, asple-
nia...). If administered, It should be
done before or at the same time as
the first dose of antibiotic, using
a regimen of 0.15 mg/kg/6 h for
48 hours. Adjuvant treatment with
dexamethasone is also indicated
in tuberculous meningitis. In this
case, the treatment is continued for
two months.

Prognosis: mortality from bacte-
rial meningitis is estimated at 4-5% in
developed countries and double that in
developing countries. Among the main
neurological sequelae that patients can
develop, deafness and the development
of secondary epilepsy stand out. Pneu-
mococcal meningitis presents both
higher mortality (7-15%) and risk of
deafness. Hypoglycorrhachia <20 mg/
dlis also related to a higher risk of dea-
tness, while a Glasgow scale <9 at the
initial assessment and the persistence of
seizures beyond 72 hours after starting
antibiotic treatment are associated with
a higher risk of neurological sequelae.

The development of medium and
long-term sequelae in patients with
enterovirus or parechovirus meningitis,
outside the neonatal period, is exceptio-
nal, although they can persist for seve-
ral weeks with asthenia, irritability and
difficulties concentrating. Some studies
suggest a possible impact on cognitive
development, but the evidence to date
is low. On the contrary, the develop-
ment of neurological sequelae in herpes
encephalitis is high, with the prevalence
in some studies being up to 50-60%.
These include epileptic disorders, lear-
ning difficulties, developmental delays



Table IV. Rifampicin Dosage for Secondary Chemoprophylaxis

Age Dose Duration
N. meningitidis <1 month 5 mg/kg/12 h 2 days
>1 month 10 mg/kg/12 h (max. 600 mg/12 h)
H. influenzae B <1 month 10 mg/kg/24 h 4 days

and behavioral disorders(1%). The preva-
lence is higher in neonatal encephalitis,
in which a mortality rate of around 4%
is also described.

Prevention

Vaccination against H. influenza, S. pneu-
moniae and N. meningitidis has reduced
the incidence of bacterial meningitis and
its complications. The criteria for chemo-
prophylaxis in contacts of cases of invasive
infection must be known.

1. Primary prophylaxis: the current
vaccination schedule, proposed
by the Interterritorial Council of
the Spanish National Health Sys-
tem, includes the vaccines against
H. influenzae B, S. pneumoniae
(13-valent conjugate vaccine) and
N. meningitidis. Additionally,
administration of the 23-polysac-
charide §. pneumoniae vaccine is
recommended for immunosuppres-
sed patients with asplenia, comple-
ment deficiency, advanced chronic
kidney disease, chronic cardiovas-
cular, respiratory or liver diseases,
CSF fistula, or cochlear implant.

2. Secondary prophylaxis: it is recom-
mended to prescribe rifampicin in the
following cases, see doses in table IV.
a. N. meningitidis0):

* Close contacts with the index
case:

- All people living at the ad-
dress of the index case.

- All people who have spent
the night in the same room
as the case, any of the 10 days
prior to their hospitalization.

- Other people who have
had direct contact with the
patient’s nasopharyngeal se-
cretions in the 10 days pre-
ceding their hospitalization,
such as intimate kisses on the
mouth.

- Health personnel who have
performed resuscitation ma-

neuvers, mouth-to-mouth or
maskless endotracheal intu-
bation.

* In daycare centers and early
childhood education centers: all
children and classroom staff. If
children from several classrooms
in the same center have activi-
ties in common, all of them will
be considered as contacts. This
fact will be evaluated with spe-
cial attention in daycare centers;
since, generally, the separation
of children in classrooms is less
rigid than in schools. School
bus buddies, recesses or other
time-limited activities will not
be considered contacts.

* Itis not indicated to administer
chemoprophylaxis to students
who attend the same class or
primary, secondary and uni-
versity education center, unless
they have had close contact.

b. H. influenzae type B:

* Cohabitants and people who
have contacted the index case
four or more hours a day, at
least five of the seven days
prior to hospitalization, if they
are in contact with children un-
der 4 years of age who have not
received complete vaccination
against H. influenzae type B
or with immunosuppressed in-
dividuals.

* Contacts in daycare, when there
are 2 cases of invasive disease in

less than 60 days.

Role of the Primary Care
pediatrician

* To recognize the symptoms and signs
suggestive of infection of the CNS so
as to early initiate adequate manage-
ment of these patients.

* To adequately carry out the initial
stabilization of patients with clinical
suspicion of bacterial meningitis or
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encephalitis, through the ABCDE
system, carrying out measures that
reduce morbidity and mortality.

* To activate the Emergency system
appropriately, with the aim of trans-
ferring these patients to a hospital
setting.

* To know the indications for secon-
dary chemoprophylaxis in contacts
of cases of invasive infection due to
N. meningitidis or H. influenzae.

* To promote vaccination of boys and
girls to reduce the incidence of these
infections.
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Clinical case

A 5-year-old girl, with no relevant medical or surgical history, was transferred in an advanced life support mobile unit,
monitored and receiving 100% oxygen therapy with a reservoir mask. She has presented an episode of lack of consciousness
lasting 10 minutes, without response to verbal stimuli and without associating limb movements. Since it subsided, she has
presented generalized hypotonia and reports that she feels sleepy. Upon the arrival of advanced life support team, she responds
to verbal stimuli. Her family reported a mild cold that had been going on for several days, with fever in the last 24 hours, in
which they noticed she was less active than usual and sleepier. She was transferred without incidents.

Upon arrival at the hospital, about two hours after the described episode, she was afebrile, with normal vital signs for her
age, including blood glucose and capnography. She vomits twice and reports frontal headache.

In the neurological examination, it is notable that, despite reacting to verbal stimuli, she has difficulty fixating her gaze,
bradylalia, and bradypsychia. The rest of the examination is unremarkable, except for increased osteotendinous reflexes
in the lower extremities. The gait is normal, there is no dysmetria and there are no positive meningeal signs. The analysis
shows no electrolyte alterations, CRP and PCT values are negative, presenting only a slight leukocytosis with neutrophilia
(13,500 leukocytes/mcL with 75% neutrophils). The study is completed with: determination of toxic substances in urine
(negative), brain CT (no alterations) and lumbar puncture (clear-appearing fluid, without pleocytosis and with normal

glucorrhachia and proteinorrachia).
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Algorithm. Suspected central nervous system infection

- 100% 0,, monitoring

- Stabilization according to ABCDE approach

- Complementary tests (postpone LP if instability
persists). Consider cranial CT

- IV Dexamethasone 0.15 mg/kg prior to ATB,
if risk factor for H. influenzae meningitis

- ATB: IV cefotaxime 75 mg/kg (max. 2 g) +
IV vancomycin 15 mg/kg (max. 1 g), if no
purpuric rash

- If herpes encephalitis suspicion, IV acyclovir
10-15 mg/kg (10 mg/kg if >12 years)

- See text for ATB and acyclovir guidelines in
neonates
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Unstable

Stable

Monitoring and analgesia
FBC, BC, CRP, PCT, clotting if petechiae, blood
culture, serologies if encephalitis suspected,
rt-PCR S. pneumoniae and N. meningitidis and

enterovirus/parechovirus in blood

‘ Neurological focus, ICH signs, VDSV, TBI or recent surgery?

{

CSF examination, Gram stain, cultures, multiple CSF rt-PCR

(if not available, at least for S. pneumoniae,
N. meningitidis, enterovirus and parechovirus)

{ !

Encephalitis
suspected

— Consider EEG

Meningitis

suspected

Brain CT
Altered

Specific management according to findings

Assessment by Neurosurgery
Admission

— IV acyclovir i
10-15 mg/kg/8 h

! !

— Consider associating Viral m. suspicion
antibiotic therapy

based on clinical

Enterovirus epidemic
period + compatible

symptoms clinical and CSF +
— Consider other MSE = 0

entities (autoimmune

encephalitis...) ¢

— Hospital admission

controlled

— Primary Care pediatrician.
Follow-up in 24 hours

— Hospital observation
— Discharge, if pain and
other symptoms

Consider other entities:
other infectious
etiologies (TBC, Lyme...),
neoplasms...

Bacterial m. suspicion

Compatible clinical
and CSF, MSE >1

!

— Consider IV dexamethasone,
if risk factor for
H. influenzae meningitis

— Antibiotics (see text)

— Antibiotic prophylaxis for
contacts (see text)

— Hospital admission

LP: lumbar puncture; ATB: antibiotic therapy; FBC: full blood count, formula and leukocyte count; BC: basic biochemistry;
CRP: C-reactive protein; PCT: procalcitonin; rt-PCR: polymerase chain reaction; ICH: intracranial hypertension;

VDSV: ventriculoperitoneal shunt valve; TBI: traumatic brain injury; CSF: cerebrospinal fluid; EEG: electroencephalogram;
m: meningitis; MSE: Meningitis Score for Emergencies; TB: tuberculosis.
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&9 Accreditation quiz

/,

Subsequently, the following accreditation quiz of Pediatria Integral collects questions on this topic, which must be answered

online through the website: www.sepeap.org.

In order to obtain certification by the Spanish “formacion continuada” national health system for health professionals, 85% of
the questions must be answered correctly. The accreditation quizzes of the different numbers of the journal may be submitted
during the period indicated in the “on-line” quiz.

Meningitis and
meningoencephalitis

33.

34.

35.

EN

Regarding the etiology of meningi-

tis, which one is CORRECT?

a. The introduction of conjugate
immunizations has not affected
the epidemiology of bacterial
meningitis.

b. Enterovirus meningitis has two
peaks of incidence in childhood.

c. Tuberculous meningitis is com-
mon in our environment as it is
an endemic disease.

d. Hemodynamically stable menin-
gococcal meningitis frequently
present a characteristic genera-
lized purpuric rash.

e. The microorganisms involved
vary with age and E.co/i is a
common cause at school age.

Which of the following statements is
CORRECT regarding meningitis
in the neonate?

a. Seizures are more frequent than
in older ages.

b. Signs of intracranial hyperten-
sion are more evident than in the
older infant or child.

c. Bulging of the fontanelle is a very
common sign.

d. Clinical prediction rules, such as
the BMS and MSE, help in the
management of these patients
and allow the identification of
patients with pleocytosis and low
risk of bacterial meningitis.

e. The usual empirical antibiotic
treatment is the association of
cefotaxime and vancomycin.

Which of the following is NOT a

minor criterion for the clinical diag-

nosis of encephalitis?

a. Fever 238°C in the 72 hours
before or after the onset of symp-
toms.
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b. Focal or generalized seizures not
attributable to previous comorbi-
dity.

c. Elevation of acute phase reac-
tants: ESR and/or C-reactive
protein.

d. Pleocytosis in CSF.

e. Electroencephalogram with
alterations compatible with
encephalitis and not attributable
to another cause.

36. What is the empirical antibiotic

treatment for bacterial meningitis
outside the neonatal period?, indi-

cate the CORRECT answer:
a. Intravenous ampicillin and gen-
tamicin.

b. Intravenous cefepime.

c. Intravenous ceftriaxone.

d. Intravenous ceftriaxone and van-
comycin.

e. Intravenous ampicillin and cef-
tazidime.

37. What competence is IMPOR-

TANT to optimize the prognosis
of a patient with a central nervous
system infection?

a. Recognize the symptoms and
signs suggestive of CNS infec-
tion to promptly initiate appro-
priate management of these
patients.

b. Appropriately perform the ini-
tial stabilization of patients with
clinical suspicion of bacterial
meningitis or encephalitis, using
the ABCDE system, carrying
out measures that reduce mor-
bidity and mortality.

c. Activate the Emergency system
appropriately, with the aim of
transferring these patients to a
hospital setting.

d. Know the indications for
secondary chemoprophylaxis
in contacts of cases of invasive

infection by V. meningitidis or
H. influenzae.
e. All of the above.

Clinical case

38. Whatis the MOST LIKELY diag-

nosis in this case?

a. Bacterial meningitis.

b. Tuberculous meningitis.

c. Benign epilepsy of childhood.
d. Intestinal intussusception.
e

Encephalitis of probable infec-

tious origin.

39. What is the TEST of choice to con-

firm the suspected diagnosis?

a. Isolation of the causative agent
in cerebrospinal fluid culture.

b. Isolation of the causative agent
in cerebrospinal fluid by polyme-
rase chain reaction technique.

c. Presence of oligoclonal bands in
the cerebrospinal fluid.

d. Brain nuclear magnetic reso-
nance with compatible findings.

e. Electroencephalogram with
compatible findings.

40. Which of the following statements

is CORRECT regarding the prog-

nosis of this disease?

a. Late initiation of treatment
administration has not been
associated with a worse progno-
sis.

b. Cognitive sequelae are rare.

Mortality is lower in the neonatal
period.

d. More serious sequelae have been
described in meningitis due to
parechovirus than in this patho-
logy.

e. Epileptic disorders and learning
difficulties are common seque-
lae.
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