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Central nervous system (CNS) infections are an important cause
of morbidity and mortality in children. Estimated incidence of
acute encephalitis syndrome in children is 10.5–13.8/100000 [1].
The case fatality rate is 30% and neurological disabilities occur
in one–third of survivors [2]. Global burden of disease network
(WHO) estimated that in 2010 meningitis caused approximately
422,900 deaths and encephalitis, 143,500 deaths [3].

Almost all organisms can infect the CNS; however there are
distinct etiological differences in various geographical regions
and in different seasons. Some pathogens are endemic, others
sporadic and yet others cause epidemics. Hence the precise ep-
idemiology of CNS infections is difficult to determine; also in
many cases there are difficulties in determining an exact micro-
biological diagnosis particularly in resource limited countries. A
recent multinational study of community acquired CNS infec-
tions found that 8.8% people died, and 18.5% were left with
sequelae [4]. The most frequent infecting pathogens in this study
were Streptococcus pneumoniae (8%) and Mycobacterium
tuberculosis (5.9%). The study cannot be generalized globally.

The common organisms that cause childhood meningitis
are N. meningitidis. H. influenzae B (Hib) and S. pneumoniae.
Worldwide, the incidence of meningitis due toN. meningitidis
is highest in the Bmeningitis belt^ of sub-Saharan Africa.
Around 30,000 cases are still reported each year from that area
[5]. If untreated, meningococcal meningitis is fatal in 50% of
cases and may result in brain damage, hearing loss or disabil-
ity in 10 to 20% of survivors. The estimated incidence rate of
meningitis due to Hib is 31 cases per 100,000 [6] and that due
to S. pneumoniae is 17 cases per 100,000 population in chil-
dren less than 5y of age [7]. These proportions are however
changing after the widespread use of vaccinations in many
parts of the world.

Several viruses can cause CNS infections in sporadic, endem-
ic, epidemic, or pandemic patterns. The pattern can change over
time, such as epidemic to endemic. Japanese encephalitis virus
(JEV) is the most important cause of viral encephalitis in Asia; it
primarily affects children. Nearly 68,000 clinical cases of JE
occur globally each year, with approximately 13,600 to 20,400
deaths. Most JEV infections are mild (fever and headache) or
without apparent symptoms, but approximately 1 in 250 infec-
tions results in severe clinical illnesses. The case-fatality rate
among those with encephalitis can be as high as 30%.
Permanent neurologic or behavioral sequelae can occur in
30%–50% of those with encephalitis [8]. Herpes simplex virus
(HSV) is the commonest cause of sporadic encephalitis, and a
common cause of fatal encephalitis and meningoencephalitis
worldwide. In 2012, an estimated 3.7 billion people under the
age of 50, or 67% of the population, had HSV-1 infection [9]. In
tropical countries, scrub typhus, dengue and salmonella are also
important causes of meningo-encephalitis [10].

Neurocysticercosis (NCC) and malaria are the most com-
mon parasitic infections of the CNS. NCC caused by larval
cysts of T. solium, is the commonest cause of acquired epilep-
sy in India [11]. In 2015, the WHO Foodborne Disease
Burden Epidemiology Reference Group identified T. solium
as a leading cause of deaths from food-borne diseases,
resulting in a considerable total of 2.8 million disability-
adjusted life-years (DALYs).

The total number of people suffering from neurocysticercosis,
including symptomatic and asymptomatic cases, is estimated to
be between 2.56–8.30 million [12]. NCC is endemic in areas of
Latin America, Asia, and sub-Saharan Africa; however it is seen
throughout the world because of global travel. The article by
Singhi and Saini [13] provides a comprehensive review on
NCC including the mode of transmission, the various clinical
manifestations and the current evidence based management of
childhood NCC. Cerebral malaria is common in sub Saharan
Africa and in some parts of Asia. In 2016, there were 216million
cases of malaria with 445,000 deaths [14]. In endemic areas,
cerebral malaria commonly affects children between 6 mo and
5 y of age.
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Fungal infections of the CNS, their diagnosis and treatment
have been discussed by Singhi and Saini [15]. Fungal infections
occur usually in immunocompromised children (Candida,
Aspergillus, Zygomycetes, Trichosporon spp) but at times in
immunocompetent children as well (Cryptococcus,
Coccidioides, Histoplasma, Blastomyces, Sporothrix sp). The
main etiologies include Aspergillus, Cryptococcus, Candida,
Mucorales, dematiaceous molds, and dimorphic endemic fungi.

The clinical presentation of CNS infections, especially in
younger children is often nonspecific and requires a high in-
dex of suspicion and a syndromic approach. Most cases pres-
ent with an acute meningoencephalitic syndrome secondary to
acute bacterial or viral meningitis or encephalitis. As com-
pared to bacterial meningitis, patients with viral encephalitis
are more likely to present with rapid alteration in conscious-
ness or new onset seizures. A practical approach to the diag-
nosis and management of acute encephalitis is provided in the
article by Aneja and Sharma [16]. Some children present with
a subacute or chronic meningitic syndrome wherein tubercu-
lar, fungal and parasitic meningitis need to be considered.
There are no pathognomonic symptoms and signs of fungal
CNS infections; most children present with chronic meningitis
or meningoencephalitis.

Singhi and Angurana have discussed in detail the various
modalities available to the clinician for the diagnosis of CNS
infections [17]. Examination of the cerebrospinal fluid (CSF)
provides important diagnostic information. While there are
several CSF parameters that may help distinguish bacterial
from viral infections, most of these are not diagnostic per se.
CSF cultures have a poor yield especially in resource limited
countries where children have often received antibiotics be-
fore meningitis is suspected. The increasing availability of
point of care diagnostic modalities and multiplex PCRs com-
prising of panels that include both bacteria and viruses is ex-
tremely helpful in such cases. If done properly, most of these
tests are reasonably sensitive and specific and provide a diag-
nosis within a few hours. Neuroimaging, especially MRI can
provide important etiological clues in suspected encephalitis
as certain viruses have specific patterns of involvement of the
brain. In cases of bacterial infections, neuroimaging is helpful
in early detection of the complications of bacterial meningitis
and for the diagnosis of focal suppurative infections; these
aspects have been discussed in the article by Suthar and
Sankhyan [18]. Availability of magnetic resonance spectrom-
etry (MRS) and advanced neuroimaging sequences have
helped in further etiological differentiation of CNS infections
such as pyogenic vs. tubercular or fungal. Autoimmune en-
cephalitis is being increasingly recognised as an important
differential diagnosis of infectious encephalitis and should
be investigated for if there are clinical clues, particularly if
the MRI brain is normal and the multiplex polymerase chain
reaction (PCR) for organisms causing meningoencephalitis is
negative.

Rapid diagnosis, early initiation of antimicrobial therapy,
urgent control of life-threatening issues such as raised intra-
cranial pressure and status epilepticus and appropriate sup-
portive and adjunctive therapy are crucial for improving the
outcome of CNS infections [19]. These aspects have been
detailed in the article by Singhi and Angurana [17]. Empiric
antibiotic therapy should be started in children with acute
bacterial meningitis pending a definitive etiologic diagnosis.
In cases with an encephalitic picture, acyclovir is started until
a definite etiological organism is identified. It should be re-
membered that PCR for herpes simplex may be false negative
in the first 72 h and should be repeated if Herpes simplex virus
(HSV) is strongly suspected. As emphasized in the article by
Singhi and Saini, in endemic areas, any child presenting with
fever and altered sensorium should be investigated and treated
for cerebral malaria [15].

Better understanding of fluid therapy has changed the prac-
tice of the traditionally recommended fluid restriction in all
cases of acute meningoencephalitis. It is now recognized that
optimization of cerebral perfusion pressure by maintaining
normovolemia and keeping the blood pressure around the
90th centile is associated with a better outcome [20].
Hypertonic saline is preferred to mannitol for the control of
raised ICP in traumatic brain injury [21]. Our data have shown
similar results in children with CNS infections (unpublished
data).

CNS infections are the commonest cause of refractory sta-
tus epilepticus in most resource-limited countries and control
of seizures can be challenging. Valproate infusion has been
shown to successfully control seizures without causing respi-
ratory depression or hypotension [22]. IV Levetiracetam is
increasingly being used for acute control of status epilepticus
[23] particularly in cases where valproate cannot be used.

Almost all CNS infections are preventable. Vaccines are
the cornerstone of prevention and control of bacterial menin-
gitis and their widespread use has markedly decreased the
incidence of Hib and pneumococcal meningitis in countries
where they are part of universal immunization program. Since
2010, the use of a meningococcal A conjugate vaccine
throughmass preventive immunization campaigns in the men-
ingitis belt, the proportion of the meningococcus A serogroup
has declined dramatically. In May 2018 the WHO introduced
BDefeating meningitis by 2030^ for WHO immunization ac-
tivities on the African continent [24].

The prevention of NCC requires large scale water and san-
itation measures and improved animal husbandry. A new vac-
cine (Cysvax®) for the prevention of cysticercosis in pigs has
been recently (2016) licensed in India [25]. Oxfendazole ad-
ministration to pigs can control the cystic stage of the parasite
in pigs, and thus break the life-cycle of the tapeworm that is
transmitted to humans. The WHO is collaborating with other
international agencies to find the most effective strategies for
controlling taeniasis and NCC on a global scale [25].
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With active efforts directed at prevention, and also at im-
provements in the accessibility and efficiency of point of care
diagnostic services, particularly in resource-limited settings
[26] it is hoped that at least some reduction in the burden of
CNS infections, as well as improvements in health outcomes
can be anticipated in the coming years.
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