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Chapter 12

CSF in acute and chronic infectious diseases

FELIX BENNINGER* AND ISRAEL STEINER
Department of Neurology, Rabin Medical Center, Petach Tikva, Israel

Abstract

Infections of the nervous system are an important and challenging aspect of clinical neurology.
Immediate correct diagnosis enables to introduce effective therapy, in conditions that without diagnosis
may leave the patient with severe neurological incapacitation and sometimes even death. The cerebro-
spinal fluid (CSF) is a mirror that reflects nervous system pathology and can promote early diagnosis
and therapy. The present chapter focuses on the CSF findings in neuro-infections, mainly viral and
bacterial. Opening pressure, protein and glucose levels, presence of cells and type of the cellular reac-
tion should be monitored. Other tests can also shed light on the causative agent: serology, culture, stain-
ing, molecular techniques such as polymerase chain reaction. Specific examination such as panbacterial
and panfungal examinations should be examined when relevant. Our chapter is a guide-text that
combines clinical presentation and course with CSF findings as a usuaful tool in diagnosis of
neuroinfections.

INTRODUCTION

In this chapter we will try to represent and summarize the
alterations of cerebrospinal fluid (CSF) during various
central nervous system (CNS) infections. These are
grouped into acute and chronic infections regarding their
time course and we will cover the chemical and cellular
CSF changes associated with viral, bacterial, fungal, and
parasitic infections. The CSF alterations and findings
caused by prion proteins are covered in a separate
chapter.

ACUTE INFECTIOUS DISEASES OF THE
NERVOUS SYSTEM

Acute infections of the nervous system are as diverse in
their clinical consequences for the patient as the variety
of infectious agents causing them: from mild headaches
to long-term morbidity and a threat to life. Therefore,
the earliest possible diagnosis is absolutely essential.
Central here stands the examination of the CSF. The
correct diagnosis is often dependent on this rather
simple procedure to allow diagnosis and focused

antimicrobial and adjunctive therapy. This chapter deals
with acute infectious diseases of the nervous system and
the importance of the lumbar puncture (LP) in the diag-
nostic process.

ACUTE VIRAL DISEASES OF THE
NERVOUS SYSTEM

Introduction

VIRAL PATHOGENS

Viruses are the ultimate hitchhikers. They carry a mini-
mal necessary amount of information with them, repli-
cated, packaged, and preserved by the host cells.
A single nucleic acid type – either DNA or RNA;
single- or double-stranded – contains all the information
needed. The genome is packaged in a protein coat, which
in some viruses is further enclosed by a lipid envelope.
All parts of the central and peripheral nervous system,
even arteries andmuscles, may be the target of viral path-
ogens. Importantly, besides the classic diseases, viruses
may behave differently under immunosuppression or
in immunocompromised states, potentially leading to
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more acute or progressive disease. Secondary diseases of
the nervous system (postvaccine or parainfectious) will
not be covered in this chapter.

EPIDEMIOLOGY

Most viruses involved in acute CNS diseases can be
acquired worldwide. The relationship between the host
and the agent is ofmajor importance and factors influenc-
ing the spread and epidemiology are listed in Table 12.1
(Mandell et al., 2010). How the virus spreads is another
important determinant for its epidemiology: directly by
respiratory droplets, kissing, touching, sexual intercourse,
or through animal bites. Alternatively, itmay be spread via
vehicle transmission through an intermediate, e.g., by
food,water, blood, or urine or as in vector-borne infections
by mechanical spread. Echovirus, enterovirus, measles,
mumps, coxsackievirus, herpesvirus, human immunodefi-
ciency virus (HIV), and papovavirus are found in most
areas of the world. Viruses transmitted by a vector are usu-
ally geographically limited to the vector’s host environ-
ment: mosquitos or ticks show a clear-cut regional or
continental occurrence (e.g., West Nile virus, tick-borne
encephalitis virus, Japanese encephalitis virus). Some
viruses today only exist in very circumscribed areas due
to eradication efforts (e.g., poliomyelitis virus, smallpox)
(Duintjer Tebbens et al., 2013).

PATHOGENESIS AND PATHOPHYSIOLOGY

The penetration of the CNS is achieved by several mech-
anisms (Craighead, 2000; Thompson and Green, 2012).
Commonly, replication occurs outside the CNS and inva-
sion by hematogenous spread (enterovirus). Via the vas-
cular route, viral particles pass across the blood–brain
barrier, or cross into the brain via infected leukocytes

(e.g., mumps, measles, or herpesviruses). Other viruses
probably invade through peripheral nerves (rabies).
The invasion and spread of the herpes simplex virus
(HSV) in the CNS are probably mediated by the latent
virus in the ganglion but there is room for speculation
if the encephalitis is not due to a primary HSV infection
(Steiner et al., 2007; Steiner, 2011, 2012). Toll-like
receptor 3 (TLR3) mutations seem to be responsible
for the failed immune response to prevent the invasion
of HSV in some herpes simplex encephalitis (HSE)
patients (Lim et al., 2014;Mørk et al., 2015). Oncewithin
the CNS, viruses spread through the subarachnoid space,
leading to an inflammatory response. Then, inflamma-
tory cells (lymphocytes) specifically targeting the infect-
ing virus accumulate in the CNS. This is accompanied by
the release of inflammatory cytokines such as interleukin
(IL)-1b, IL-6, and tumor necrosis factor (TNF)-a as well
as local immunoglobulin production by plasma cells
(Kothur et al., 2016). Viruses such as varicella-zoster
virus (VZV) may cause disease through cerebral vascu-
litis, with immunocompetent patients usually developing
a large-vessel vasculitis.

CLINICAL FEATURES

Viral meningitis, meningoencephalitis, and
encephalitis

Infection of the meningeal structures with an endogenic
inflammatory response results in meningitis. Clinically,
the typical presenting symptoms are headache, fever,
and stiff neck. Additional clinical features can help to
distinguish common headaches (migraine, tension-type
headache, etc.) from those possibly caused by a viral
infection: photophobia and pain on eye movements.
The general accuracy of the clinical signs is under debate
(Khatib et al., 2017) and thus clinical suspicion has to be
high and threshold low to perform necessary procedures
(LP) excluding an infectious origin of the symptoms
(McGill et al., 2017). As a rule of thumb, we recommend
to our residents covering the emergency room to perform
LP when any combination of at least two out of the three
principal symptoms of meningitis exist (headache, fever,
neck stiffness) and no other cause can be determined.

Viral meningitis in its pure form has a very good prog-
nosis andmortality rates are trending towards zero, but the
prognosis is dependent on additional spread of the viral
infection to the brain (encephalitis), to the spinal cord
(myelitis), or to nerve roots (radiculitis). Viruses causing
aseptic meningitis are listed in Table 12.1 (Chadwick,
2005; Harvala and Simmonds, 2016; Nesher et al.,
2016; McGill et al., 2017). The viral involvement of the
meninges can involve the cortex and brain itself, leading
to meningoencephalitis and encephalitis. By definition,

Table 12.1

Viruses causing meningitis

Herpes simplex virus type 2
Epstein–Barr virus
Varicella-zoster virus
Human herpesvirus-6
Coxsackieviruses A and B
Echoviruses
Enteroviruses
Human immunodeficiency
virus (acute)

Mumps virus
Lymphocytic
choriomeningitis virus

Filoviridae

Tick-borne encephalitis
virus

West Nile virus
Japanese encephalitis virus
St. Louis encephalitis virus
La Crosse virus
Western equine
encephalitis virus

Colorado tick fever virus
Dengue viruses
Zika viruses
Adenoviruses
Arenaviruses
Rubella
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encephalitis is the presence of an inflammatory process in
the brain parenchyma associated with clinical evidence of
brain dysfunction (Steiner et al., 2010). In many cases the
association with fever, headache, and general malaise and
brain dysfunction is conveyed as behavioral changes, con-
fusion, focal neurologic deficits, somnolence, stupor, and
epileptic seizures (focal and generalized). The dramatic
clinical picture needs rapid identification, symptomatic
support and treatment (antiepileptic drugs) and specific
treatment when available (e.g., acyclovir). Long-term sur-
vival and morbidity depend on the host immune status,
treatment administered, and on the virus itself. HSV-1,
VZV, Epstein–Barr virus, mumps, measles, and enterovi-
ruses are responsible for most cases of viral encephalitis in
immunocompetent individuals (Jellinger, 2009; Stahl
et al., 2011; Beckham et al., 2016) but other viruses are
listed in Table 12.2. Additionally, a viral infection of the
CNS can be limited to the spinal cord resulting inmyelitis.
More common in clinical practice than the direct invasion
of themyelon by the virus is a postinfectious inflammation
(transverse myelitis). The direct invasion of the gray mat-
ter in the myelon is typically seen with enterovirus infec-
tions (poliovirus) but has been described in West Nile
Virus and tick-borne encephalitis virus.

DIAGNOSTIC FEATURES

The history can be extremely helpful to assess a patient
with suspected viral meningitis or encephalitis. If the
patient is confused, agitated, or disoriented, relevant infor-
mation has to be obtained from an accompanying person.
History of exposure (HIV, mumps, measles) and the typ-
ical clinical syndrome of certain viral infections like mea-
sles, varicella, and shingles can be extremely helpful to
determine the infective agent. The geographic location
as well as recent travel history could be of relevance
(examples from recent outbreaks include acute respiratory
syndrome, severe acute respiratory syndrome, Nipah

virus, avian H5N1 influenza A infection, Zika virus)
(Peiris et al., 2004; Sing, 2014; Halpin and Rota, 2015).
The seasonal occurrence (polio and West Nile virus) as
well as occupation may well be important. A history of
insect or other animal bites can be relevant for arbovirus
infection as well as rabies. On general examination, skin
rashes should be noticed as well as bite marks or insect
bites. In pure meningitis, neuroimaging is not indicated
but is frequently performed before LP to exclude any rare
contraindications.

If the neurologic exam is abnormal in any way
(including papilledema on fundoscopy as part of the neu-
rologic exam), or a seizure has occurred, neuroimaging is
recommended (Archer, 1993; Gopal et al., 1999; Hasbun
et al., 2001). In suspected encephalitis, neuroimaging is
essential, both in ascertaining and confirming the neuro-
logic syndrome and helping to establish the appropriate
diagnosis and prognosis. This should be performed
before the LP. Initially computed tomography is used fre-
quently but most important is the more sensitive mag-
netic resonance imaging and this should be the
imaging study of choice in suspected viral encephalitis
(Jordan et al., 2016; Piquet and Cho, 2016; Koeller
and Shih, 2017).

Electroencephalography (EEG) is generally regarded
as a nonspecific investigation in encephalitis and mostly
slow activity is seen. However, the sensitivity for brain
changes by EEG makes it a useful tool to demonstrate
cerebral involvement during the early state of the disease.
Specific EEG features can however give clues as to the
diagnosis: In HSE, in addition to background slowing,
there is a temporary temporal focus showing periodic
epileptiform discharges. The EEG in subacute sclerosing
panencephalitis (SSPE) shows a typical generalized peri-
odic EEG pattern repeating with intervals between 4 and
15 seconds and synchronized with myoclonus of the
patient (Westmoreland, 1987; Gaspard et al., 2015;
Martins and Palmini, 2015; Cag et al., 2016; Pessa
et al., 2016; Saini et al., 2016). Due to the strong separa-
tion of blood and brain by the blood–brain barrier, the
peripheral blood results in viral meningitis and enceph-
alitis can be normal or only slightly abnormal and non-
specific. Possible minor alterations of blood tests
pointing to liver or kidney involvement can be found
and are mostly due to a viral infection also of those
peripheral organs (typically seen in Epstein–Barr virus
and cytomegalovirus infections).

CEREBROSPINAL FLUID

CSF analysis: cells and chemistry

The presence of inflammation in the CNS is confirmed
by CSF analysis. No clear difference can be made using

Table 12.2

Viruses causing meningoencephalitis

Enteroviruses
Herpes simplex 1
Herpes simplex 2 (neonates)
Varicella-zoster virus
Epstein–Barr virus
Cytomegalovirus
West Nile virus
Tick-borne encephalitis virus
Colorado tick fever virus
Measles virus

La Crosse virus
St. Louis encephalitis virus
Japanese encephalitis virus
Yellow fever
Dengue virus
Equine encephalitis viruses
Nipah virus
Zika virus
Rabies viruses
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CSF analysis betweenmeningitis and encephalitis. Leu-
kocytes (white blood cells) are elevated (mostly not
above 250/mL). The differential diagnosis shows a pre-
dominance of lymphocytes but in early infection neu-
trophils can be present (Feigin and Shackelford,
1973; Whitley et al., 1989; Cunha, 2013). If the clinical
presentation is highly suspicious for encephalitis, a spi-
nal fluid analysis returning with only borderline ele-
vated cells should be repeated as, especially in HSE,
a normal CSF can be seen in the first hours of infection.
This can cause a treatment delay, worsening the progno-
sis of the encephalitis or leading to an alternative wrong
diagnosis (de Toledo et al., 2001; Benninger et al.,
2013; Desena et al., 2014; Saraya et al., 2016). In
HSE at least 10% have normal cell counts within a week
of onset of illness, usually, but not always, increasing
later (Koskiniemi et al., 1984). This has been also
shown for enterovirus encephalitis and in one study
36% had CSF with normal protein and/or cell count
(Tavakoli et al., 2008). CSF protein is usually mildly
elevated (<150 mg/dL) in viral encephalitis. In HSE
it is normal in 50% of cases early in the illness
(Koskiniemi et al., 1984). If a bloody tap is obtained
through trauma at LP, the protein level should be
adjusted down by 0.1 mg/dL for every 1000 red cells/
mL (Dennett et al., 1991).

CSF: plasma glucose ratio in healthy adults is about
0.6 and thus an abnormal level is less than this, generally
0.5 or less. In most viral CNS infections, glucose levels
are in the normal range but a low level (hypoglycorrha-
chia) has been reported in some cases of mumps,
varicella-zoster, and herpes simplex infection (Davis
et al., 2004). Hypoglycorrhachia has also been described
in HIV-infected patients with cytomegalovirus meningo-
encephalitis andWest Nile virus infection (Farinelli et al.,
1989; Unzek et al., 2006; Steiner et al., 2007). Even if
CSF parameters are in the “viral” range, we recommend
caution and a high level of suspicion for possible bacte-
rial meningitis. This is even more true in cases of previ-
ous antibiotic treatment and empiric antibiotics as in
bacterial meningitis should be considered in addition
to a CSF smear and culture, particularly because partially
treated bacterial meningitis can be present with CSF find-
ings similar to viral meningitis.

VIRUS ISOLATION AND CULTURE

The causative agent in clinical viral meningitis and
encephalitis will remain unknown in the majority of
patients. Virus isolation in cell culture is possible, but
unfortunately the yield is very low and today cultures
are rarely performed for diagnostic purposes. Depending
on the virus to be isolated the diagnostic yield ranges
from 4% in HSE to 40% in enterovirus-mediated

encephalitis (Nahmias et al., 1982; Chonmaitree et al.,
1989; Leland and Ginocchio, 2007). A reasonable place
for cell cultures for the isolation of viruses still exists in
the identification of unusual agents. The isolation of
Nipah virus in Malaysian pig farmers was important in
an outbreak from February to April 1999 (Chua et al.,
1999). The virus produces syncytia in Vero cell cultures
5 days after inoculation with CSF.

INTRATHECAL ANTIBODIES

The identification of specific intrathecal antibodies is
still a frequently used method for reaching a diagnosis.
Oligoclonal antibody production (oligoclonal bands)
exclusively intrathecally can occur in CNS infection.
The diagnosis of SSPE can be helped by the detection
of oligoclonal bands in the CSF. SSPE is a progressive,
debilitating, and deadly brain disorder related to measles
(rubeola) infection. Demonstration of intrathecal produc-
tion of antibody requires demonstration of IgG, IgA, or
IgM antibody, which is regarded as diagnostic of CNS
infection in the absence of evidence of breakdown of
the blood–brain barrier. Both serum and CSF must be
tested (Sharief and Thompson, 1990). The origin of anti-
bodies detected in the CSF must be determined to differ-
entiate between peripheral blood-derived antibodies
having crossed the blood–brain barrier into the CSF from
those produced intrathecally against the background of a
brain-derived pathology.

Calculating the ratio between the amount of anti-
bodies in the CSF and serum for specific antibodies
and total lgG, the antibody specific index helps to dis-
criminate the origin of the antibody production and has
been shown to be useful in several infectious and inflam-
matory disorders (e.g., multiple sclerosis, HIV, cytomeg-
alovirus, VZV, and others) (Reiber, 1998; Reiber et al.,
1998; Jarius et al., 2012). Diagnosis using capture immu-
noassays to detect IgM antibody has proved useful for
arbovirus diagnosis but has been extended nowadays
to detect intrathecal IgM in mumps encephalitis,
varicella-zoster encephalitis, HSE, and measles in SSPE
(Sharief and Thompson, 1990). An IgM assay for St.
Louis encephalitis virus and Wile Nile virus exists.
The detection of IgM in serum alone is generally not suf-
ficient to implicate the virus as the cause of a suspected
encephalitis. With regard to, for example, Japanese
encephalitis virus as the cause of encephalitis in a highly
endemic area where many infections occur in the rainy
season, only very few cause CNS infection (Grossman
et al., 1973).

PCR AND REAL-TIME PCR (RT-PCR)

For nucleic acid detection, polymerase chain reaction
(PCR) technology provides the most convenient test.
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Assays for HSV-1, HSV-2, VZV, human herpesviruses 6
and 7, cytomegalovirus, Epstein–Barr virus, JC virus of
progressive multifocal leukoencephalopathy, dengue
virus, enteroviruses, and respiratory viruses as well as
HIV can be performed from CSF samples or brain tissue.
Reports are available routinely in less than 24 hours and,
if suspected, empiric antiviral treatment can thus be
stopped early in the clinical course. PCR offers the
advantages of high sensitivity and specificity and this
holds true for even very small amounts of viral DNA
or RNA. The minimum volume of CSF needed is deter-
mined more by the nucleic acid extraction system than
the amplification process itself, with a typical minimum
extraction volume of 100–300 mL. In CSF, nucleic acid is
relatively stable. Stability is enhanced if mononuclear
cells are present and DNA is stable up to 30 days even
at room temperature; however, RNA is less stable and
advised to be stored at low temperatures (–70°C) until
PCR (Wiedbrauk and Cunningham, 1996). Especially
HIV RNA seems to degrade rapidly and shows signifi-
cant decline after 24 hours, making detection difficult.
With storage at 4°C, however, there is no significant loss
of HIV RNA by 96 hours (stability is enhanced in ethy-
lenediaminetetraacetic acid plasma in comparison to
serum) (Rotbart et al., 1985; Ginocchio et al., 1997;
Ahmad et al., 1999).

Detection of specific nucleic acid from the CSF is
dependent on the timing of the CSF sample. In HSE,
the sensitivity is 96% and the specificity 99% when
CSF is studied between 48 hours and 10 days from
symptom onset. Thus, in the early hours often the first
CSF analysis can be negative for HSV-1 and should
be repeated if clinically suspected (Adler et al., 2011;
Steiner, 2012; Kennedy and Steiner, 2013). A high viral
load has been suggested in some, but not all studies, to be
correlated with a worse outcome (Nahmias et al., 1982).
On the other hand, no relationship between CSF viral
load and severity of clinical symptoms or outcome
was detected in 23 HSE patients (Revello et al.,
1997). A long duration of genome detectability
(>20 days) is probably more important in predicting
poor outcome than initial level (Schloss et al., 2009).
Information on correlation between viral load and out-
come is scarce in other encephalitides. The HIV viral
load in CSF seems not to be correlated with the viral load
in the blood and in late infection behaves as if in a sep-
arate compartment (with the possibility of different
antiviral resistance patterns) (Stingele et al., 2001).
Progressive multifocal leukoencephalopathy associated
with HIV infection and JC polyomavirus load in the CSF
is correlated with a shorter survival if not treated
(Bossolasco et al., 2005).

High-throughput techniques enable the detection of
currently unknown viruses (Wommack et al., 2015;

Paez-Espino et al., 2016). This might not be limited to
the discovery of infectious agents regarding encepha-
litis. Other neurologic and neurodegenerative diseases
might be associated with a viral origin that is unknown
today (Amor et al., 2014; Manghera et al., 2014;
Pecho-Vrieseling et al., 2014; Mechelli et al., 2015;
Christensen, 2016).

TREATMENT

In general, patients with viral meningitis do not need
any specific treatment and supportive analgesic con-
trol and fluid input are usually enough. Occasionally,
LP-induced low-pressure headache adds to the head-
ache complaints but resolves in most cases rapidly.
Prognosis of viral meningitis is very good. Once
HSV is suspected as the causative virus for meningo-
encephalitis, treatment should be initiated immedi-
ately. HSE is treated with acyclovir 10 mg/kg
intravenously every 8 hours for 2 weeks (Solomon
et al., 2012). Treatment should be prolonged in case
of relapse and reexamination of the CSF may indicate
the need for an additional 1–2 weeks of acyclovir ther-
apy (Cinque et al., 1996; Ito et al., 2000).

PROGNOSIS

Simple lymphocytic meningitis has an excellent prog-
nosis with almost zero mortality. Long-term morbidity
and mortality are increased in encephalitis. Following
myelitis or encephalitis, more than 10% of patients suf-
fer from severe neurologic deficits, e.g., seizures, para-
or tetraplegia, cognitive deficits. Untreated HSV
encephalitis has a mortality rate of 70% and makes ini-
tial treatment such an important prognostic indicator
(Jouan et al., 2015). TLR3 is a pattern recognition
receptor triggered by viral double-stranded RNA and
leading to the activation of specific transcription fac-
tors, which stimulate the production of cytokines that
induce a complex program of innate immune responses
facilitating viral, including HSV, clearance. In children
with genetic defects that shared the common feature of
encoding proteins involved in TLR3 interferon signal-
ing pathways, mutations in TLR3 were associated with
recurrent HSE (Zhang et al., 2007; Lim et al., 2014;
Steiner and Tyler, 2014). Whether the defect in the
TLR3 receptor reduces inflammation-mediated epilep-
togenesis as shown in animal models needs to be estab-
lished in future clinical studies (Benninger et al., 2014;
Gross et al., 2017). Regarding autoimmune-mediated
encephalitis, reports suggest that the most commonly
recognized cause of antibody-mediated autoimmune
encephalitis, anti-N-methyl-D-aspartate receptor enceph-
alitis, may in some cases be triggered by and follow
HSE (Armangue et al., 2013, 2015). Thus, in the
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context of recurrent encephalitis following HSE, the
possibility of autoimmune encephalitis has to be
ruled out.

Acute bacterial meningitis

INTRODUCTION AND EPIDEMIOLOGY

Acute bacterial meningitis (Table 12.3) is one of the most
severe acute inflammatory diseases of the CNS, leading to
severe morbidity and death. Even with appropriate antibi-
otic therapy the mortality rate is extremely high (13–27%)
(Aronin et al., 1998; van de Beek et al., 2006; Weisfelt
et al., 2006). Neurologic disabilities occur frequently in
surviving patients. The appropriate approach to deal with
the worldwide health problem caused by bacterial menin-
gitis is twofold: prevention and treatment. Despite
decreases in the occurrence of meningitis brought about
by vaccination programs against Haemophilus influenzae
type B and Streptococcus pneumoniae in the developed
world, the incidence of bacterial meningitis is still unac-
ceptably high, ranging between 3 and 10 per 100,000
people (Thigpen et al., 2011; Liu et al., 2012). The demo-
graphics of bacterial meningitis has shifted due to vacci-
nation programs (Daza et al., 2006), but acute treatment
and thus prevention of neurologic deficits and death as
a consequence of bacterial meningitis remain the first pri-
ority. Immediate early diagnosis and appropriate antibiotic
treatment as well as critical care management are the basis
of management but may not be sufficient to approach the
inflammatory response and its consequences in patients
with bacterial meningitis.

PATHOGENESIS AND PATHOPHYSIOLOGY

Bacterial invasion of the brain in meningitis and enceph-
alitis is only one part of the pathogenesis. The inflam-
matory response triggered by the bacterial assault is
tolerated by the brain and spinal cord very poorly, leading
directly to damage of nervous tissue (Fitch et al., 1999;
Hasbun et al., 2001). The inflammatory response to bac-
terial infection in the CSF has substantial clinical impact
with associated morbidity and mortality (Koedel et al.,
2002, 2010a; Weisfelt et al., 2006). Death is the result
of systemic and/or intracranial complications such as
brain edema with cerebral or cerebellar herniation
(Nau et al., 1999; Koedel et al., 2002, 2010a; Scheld
et al., 2002). Neutrophils and cytokines migrating to
the site of infection can prevent invading pathogens
but the mechanisms used against the pathogen can be
harmful to the host tissue. Experimentally it has been
shown that the cell wall components of bacteria cause
the production of a wide range of cytokines. These cyto-
kines, such as interleukins and TNF-a, contribute to the
accumulation of leukocytes in the CSF, to brain edema,
blood–brain barrier damage, and damage of cells within
the CNS (Saukkonen et al., 1990; Sharief et al., 1992).
The crossing of the blood–brain barrier is a sophisticated
mechanism (Coureuil et al., 2017) and viable bacteria
cause meningeal inflammation via cell membrane com-
ponents and induce clinical symptoms and even death
in animal models (Weber and Tuomanen, 2007;
Koedel et al., 2010b). The presence of cell wall compo-
nents in the CSFwas correlated with neurologic sequelae
and mortality (Schneider et al., 1999). There is evidence
that treatment of bacterial meningitis with antibiotics
alone has the capability to increase CSF cytokine con-
centrations, most likely because antibiotic-induced bac-
terial lysis releases large amounts of harmful bacterial
products into the CSF (Mustafa et al., 1989; Van Furth
and Roord, 1996).

CLINICAL AND DIAGNOSTIC FEATURES

Patients with bacterial meningitis have to be identified
fast and early in the course of the disease. In order to
accomplish this difficult task, the level of suspicion can-
not be high enough. As in most parts of medicine, the
physician has to conjecture to initiate the right diagnostic
steps due to missing signs and symptoms in a significant
proportion of patients with bacterial meningitis. Classi-
cally, bacterial meningitis presents fulminantly with rap-
idly developing fever, altered consciousness, and
headaches, but this classic triad is present in only 50%
of all patients (van de Beek et al., 2004). As we described
in the section on viral meningitis, headache, fever, neck
stiffness, and altered consciousness should encourage the

Table 12.3

Common bacteria causing meningitis

Bacteria Age of patient

Group B streptococci < 1 month
Enterobactericeae (Gram-negative)
Listeria monocytogenes
Streptococcus pneumoniae 1–12 months
Haemophilus influenzae type B
Neisseria meningitidis
Group B streptococci
Escherichia coli
Haemophilus influenzae type B 1–18 years
Streptococcus pneumoniae
Neisseria meningitidis
Streptococcus pneumoniae <50 years
Neisseria meningitidis
Streptococcus pneumoniae >50 years
Neisseria meningitidis
Enterobactericeae
Listeria monocytogenes
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physician to consider bacterial meningitis until ruled
out (present in 95% of patients). The commonly known
signs of Kernig and Brudzinski have to be viewed with
caution as their sensitivity (up to 95%) depends very
much on the examiner and their specificity is rather
low (�5%) (Sakushima et al., 2011). The differential
diagnosis is broad (Table 12.4), but as the gold stan-
dard to rule out bacterial meningitis is the CSF inves-
tigation, we encourage its broad use after ruling out
contraindications for LP. Helpful clinical additional
signs should be identified by the medical exam: pur-
pura fulminans is typical for meningococcal meningi-
tis. Septicemia (Waterhouse–Friderichsen syndrome)
is seen in about 10% of patients with meningococcal
meningitis: septic shock, hemorrhages leading to mul-
tiorgan failure, and disseminated intravascular coagu-
lation. Focal signs on neurologic examination are
seen in about 10% of patients, suggestive for a brain
abscess, stroke, or venous thrombosis (Alvis-Miranda
and Castellar-Leones, 2013a, b). Seizures are present
in up to 30% on presentation.

CSF ANALYSIS

Opening pressure

CSF examination begins with the measurement of the
opening pressure and we recommend that measurement
of the opening pressure is incorporated in the routine of
all LP, independent of the indication. The usual range of
opening pressure is around 50–200 mm CSF. Pressures
over 180 mm CSF are considered to be abnormal. The
causes of intracranial hypertension are manifold, ranging
from pseudotumor cerebri to intracranial neoplasms.
Subarachnoid hemorrhage, elevated central venous
pressure, and a host of other conditions raise CSF pres-
sure. Meningitis, bacterial as well as viral, can increase
the CSF opening pressure substantially (Lee and
Lueck, 2014).

Gross examination

As the normal CSF is crystal clear, any change in clarity
can point to a certain direction regarding the diagnosis:
the occurrence of pleocytosis is the usual reason for
cloudy fluid. At least 200 white cells/mL can be present
without altering the clarity. Over 500 white cells per
cubic millimeter usually produces cloudiness. Red cell
concentrations between 500 and 6000/mL can cause
the fluid to appear cloudy, while concentrations of over
6000/mL give a grossly bloody appearance. A markedly
elevated protein can also alter the clarity of the CSF. The
presence or absence of color, usually xanthochromia, in
the CSF is a crucial observation. Xanthochromia com-
monly indicates spontaneous subarachnoid hemorrhage.

Direct CSF microscopy

Microscopic examination of the CSF should be done rap-
idly. Gram stain and the detection of bacterial antigens by
latex agglutination can help diagnose bacterial meningi-
tis rapidly, especially regarding S. pneumoniae or
H. influenzae. Listeria monocytogenes or Gram-negative
bacilli are much more difficult to detect on microscopic
CSF examination. In particular, Listeria has the ability to
evade the immune system and can spread via phago-
somes from cell to cell without encountering the host’s
immune cells (Pamer, 2004; Hamon et al., 2006; de
Noordhout et al., 2014). Thus, microscopy may not be
informative in 20–40% of cases (van de Beek et al.,
2004; Viallon et al., 2011).

Bacterial culture of the CSF

The CSF culture is the gold standard for the diagnosis of
bacterial meningitis. The results of CSF cultures are pos-
itive in 70–85% of patients who have not received prior
antimicrobial therapy, but cultures may take up to
48 hours for organism identification (Spanos et al.,
1989). Multiple studies have shown that prior antibiotic
therapy should not significantly alter the CSF cell count
or the glucose and protein concentrations. Antibiotics
can, however, affect the results of CSF Gram stain and
culture. In the presence of antibiotics, the sensitivity of
CSF Gram stain and culture drops to 40–60% and to less
than 50%, respectively. The rate at which antibiotics
clear bacteria from the CSF of humans has not been
established, but animal studies of pneumococcal menin-
gitis show that penicillin produces a 2-log drop in CSF
bacterial concentration every hour, such that sterilization
is achieved by 8 hours (Sande et al., 1981; Blazer et al.,
1983; Lebel andMcCracken, 1989). The diminished sen-
sitivity of the CSF culture in the patients who received
antibiotics before the LP and the 72-hour test period

Table 12.4

Differential diagnosis of bacterial meningitis

Bacterial abscess
Viral meningitis
Meningitis caused by fungi and parasites
Autoimmune-mediated meningitis
Medications: trimethoprim and nonsteroidal anti-inflammatory
drugs (NSAIDS)

Malignancy
Subarachnoid hemorrhage (SAH)
Migraine
Peripheral viral illnesses
Pneumonia
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hinder clinicians from reaching a prompt diagnosis and
starting the treatment in the ideal period.

PCR and rt-PCR

Detection of bacteria in CSF can be done using rt-PCR.
The bottleneck of traditional rt-PCR is the extraction of
DNA. Direct rt-PCR allows the detection of bacterial
pathogens directly from CSF specimens without DNA
extraction, thereby reducing processing time, cost, labor,
and risk of cross-contamination. Direct rt-PCR improves
testing throughput and provides a more robust method
for laboratories with high volume of specimens. With
the elimination of DNA extraction, there is no DNA loss
and thus, lower numbers of bacteria are detected com-
pared to traditional rt-PCR, well within the range
detected by culture (Wu et al., 2013; Bloch and Tang,
2016; Vuong et al., 2016). In addition, direct rt-PCR con-
serves preciousCSF specimens as it only requires 2 mLof
CSF per reaction (Bianchi et al., 2015; Bhagchandani
et al., 2016; Vuong et al., 2016).

Quantitative CSF analysis: cells and chemistry

Cytologic parameters in bacterial meningitis include
high cell numbers associated with predominant polynu-
clear neutrophils (>80%). However, these parameters
are often misleading, with an absence of pleocytosis
(1–12% of cases) or predominant mononuclear cells
(Bratlid and Bovre, 1977; Koutroumanidis et al., 2000;
Hase et al., 2014). In one study, out of 645 patients with
bacterial meningitis 7% of patients did not have pleocy-
tosis (van de Beek et al., 2004; Lin et al., 2014; Mentis
et al., 2016). Furthermore, these two parameters have
low discriminatory power between bacterial versus viral
meningitis. Spanos et al. (1989) showed in 205 episodes
of viral and 217 episodes of bacterial meningitis that
polynuclear cells could be identified in only 40%of cases
and that even for total CSF cell numbers the large overlap
between the two etiologies made the differentiation dif-
ficult. The range of CSF protein lies between 1 and 5 g/L
(Lindquist et al., 1988; Viallon et al., 2000).

The use of CSF protein levels for the diagnosis of bac-
terial meningitis is helpful but needs to be viewed with
caution. Sensitivity and specificity were examined
regarding bacterial meningitis and varied from 60% to
86%with specificity between 60% and 100%. In various
studies, 1–10% of patients with bacterial meningitis had
normal CSF protein concentration, while for 5–25% of
patients with proven viral meningitis the protein level
was significantly increased (Donald and Malan, 1986;
Coll et al., 1994). The CSF glucose levels are dependent
on serum glucose levels. The normal CSF:serum glucose
ratio lies in the region of 0.6. The normal glucose level in
CSF varies from 2.6 to 4.2 mmol/L. CSF glucose is low

in several conditions of increased glucose consumption,
depending on the amount of pleocytosis (Hegen et al.,
2014). Glucose levels can be undetectable in bacterial
meningitis and ratios below 0.4 are very indicative of
bacterial origin of lowCSF glucose. The sensitivity how-
ever is rather low and CSF glucose level performance
remains inadequate for diagnosing bacterial meningitis.
Durand et al. (1993) showed that only 50% of patients
had a CSF glucose level of <2.2 mmol/L. While bacte-
rial meningitis probably is the most common diagnosis
associated with hypoglycorrhachia, several studies
showed low CSF glucose in only one-fourth of overall
cases. One-third of hypoglycorrhachia episodes were
associated with noninfectious causes such as strokes,
carcinomatosis, lymphomatosis, and neurosarcoidosis.
Subjects with a recent history of neurosurgery and
hypoglycorrhachia most often had bacterial meningitis,
while HIV-infected subjects with hypoglycorrhachia
most often had fungal meningitis followed by cerebral
toxoplasmosis and neurosyphilis. Surprisingly, the most
common diagnoses associated with hypoglycorrhachia
in subjects without HIV infection or neurosurgical
history were noninfectious (Chow and Troy, 2014).

Hypoglycorrhachia, especially in children with sei-
zures, should raise the suspicion for glucose transporter
type 1 deficiency syndrome. The classic phenotype is
characterized by seizures, delayed neurologic develop-
ment, and microcephaly as well as movement disorders.
Seizures begin before age 2 years in approximately 90%
but can present later in life in approximately 10%
(Nakamura et al., 2015). CSF lactate level can be useful
in diagnosing bacterial meningitis. The normal level of
lactate in the CSF is 2 mmol/L and not different from
that in the blood. Increase in lactate above 4 mmol/L
is a more specific indicator for bacterial meningitis than
other CSF markers in immediate evaluation (CSF cell
count, CSF glucose, and protein concentration) (Donald
and Malan, 1986; Giulieri et al., 2015; Julián-Jim�enez
and Morales-Casado, 2016; Slack et al., 2016; Xiao
et al., 2016).

Acute fungal infections of the central
nervous system

INTRODUCTION AND EPIDEMIOLOGY

Fungal infections of the CNS are mainly seen in immu-
nocompromised patients. This includes patients post
organ transplantation, acquired immunodeficiency syn-
drome (AIDS), immunosuppressive chemotherapy,
chronic corticosteroid therapy, autoimmune diseases,
and chemotherapy. Some fungal diseases are also
observed in immunocompetent patients (meningitis with
Coccidioides immitis, Histoplasma, Cryptococcus). The
estimated annual incidences of invasive fungal infections
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caused by opportunistic pathogens per million of the
population are 72–228 infections for Candida species,
30–66 for Cryptococcus neoformans, and 12–34 for
Aspergillus species (Pfaller et al., 2006).

ETIOLOGY AND PATHOGENESIS

CNS fungal pathogens can be separated into three groups:
yeasts, molds, and dimorphic fungi (Table 12.5). Of these
fungal pathogens the true neurotropic fungi are Crypto-
coccus neoformans and C. bantiana as well as Cocci-
dioides immitis, which commonly infects the brain.
Most fungi are foundworldwide but a specific distribution
is typical for C. immitis (Mexico, South America, and
southwest United States) and Blastomyces dermatitidis,
which is endemic in Africa and in continental North
America. Histoplasma capsulatum is found in certain
areas in Ohio, United States, and Latin America. Most
fungal infections occur in immunocompromised hosts
(Table 12.6); in addition patients with intact immune sys-
tems are being infected. Risk factors for particular fungal
infections are known and include long-term antibiotic
therapy and very young age in Candida infections, bird
feces contamination for Cryptococcus and Histoplasma,
ketoacidosis and renal failure in Zygomycetes (Black
and Baden, 2007). Fungi are found in the ground and veg-
etations, on the skin of birds, and in bat feces. Fungal
spores enter the body through inhalation into the lungs
but CNS fungal infections are usually secondary to infec-
tions elsewhere in the bodybyhematogenous spread,most
commonly from the lung. CNS invasion can be by direct
extension from the adjacent structures: sinuses, nose, and
ear canal. The brain is usually resistant to fungal infections
and it needs special conditions to breach the protective
blood–brain barrier.

CLINICAL FEATURES

Most common nervous system presentation with most of
the yeasts are meningitis and meningoencephalitis, com-
monly caused by Candida albicans. In infants,

meningitis is more common than in older patients. Can-
dida meningitis is rarely but occasionally described in
healthy people or after neurosurgical procedures
(Nguyen and Yu, 1995; Borha et al., 2009).

Cryptococcus neoformans is the most common caus-
ative agent for chronic lymphocytic fungal meningitis.
The incidence of cryptococcal infection emerged as an
important opportunistic infection in persons with HIV
infection and is one of the AIDS-defining illnesses,
typically occurring when the blood CD4 cell count is
below 200 cells/mL (Currie and Casadevall, 1994;
Gottfredsson and Perfect, 2000; Cox et al., 2001). About
5–10% of patients with HIV develop cryptococcal
meningitis. Cryptoccoal meningitis usually has a sub-
acute or chronic course. The most typical presentation
is excruciating headaches without fever. Elevated intra-
cranial pressure in the absence of ventricular dilatation
may cause visual and hearing loss and on examination
papilledema is found frequently (Gottfredsson and
Perfect, 2000; Bicanic et al., 2009a, b, 2012; Greene
et al., 2017; McCarthy and Walsh, 2017). Focal mass
lesions, abscesses, or granulomas are seen with some
fungal infections of the CNS. Candida, Zygomycetes,
and, rarely, Aspergillus can form abscesses. Intracra-
nial granuloma is seen more frequently with Aspergil-
lus infections. Spread from the nasal sinuses can cause
symptoms at the base of the skull (Sharma et al., 1997;
Sundaram and Murthy, 2011; Naik et al., 2015).
Rarely, fungal infections can lead to angiitis causing
ischemic stroke (Martins et al., 2010; Chatterjee
et al., 2016).

Table 12.5

Fungal infections of the central nervous system

Yeasts Molds Dimophic fungi

Candida,
Cryptococcus
neoformans

Aspergillus, Mucor,
Rhizopus, Rhzomucor,
Absidia,
Cunninghamella

Blastomyces
dermatitidis,
Histoplasma
capsulatum,
Coccidioides
immitis

Table 12.6

Fungal infections of the central nervous system

Patient group Fungus Presentation

Healthy Blastomyces,
Histoplasma,
Coccidioides

Meningitis

AIDS, HIV Histoplasma,
Cryptococcus

Meningoencephalitis

Neurosurgery Candida Abscess
Neutropenia Candida,

Aspergillus
Meningitis, abscess

Steroid treatment Aspergillus,
Mucorales,
Scedosporium

Abscess

Organ transplant Candida,
Aspergillus,
Cryptococcus

Meningitis,
meningoencephalitis

AIDS, acquired immunodeficiency syndrome; HIV, human

immunodeficiency virus.
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CSF AND SERUM ANTIGENS AND ANTIBODIES

White blood cells in the CSF in fungal meningitis depend
on the infectious agent. In Cryptococcus neoformans
a predominant lymphocytic pleocytosis is detected
while monocytes and neutrophils are seen in Candida,
Aspergillus, and blastomycosis meningitis (Saccente
and Woods, 2010). Eosinophilia is relatively exclusive
in Coccidioides infection. If the Candida meningitis is
device-related (e.g., neurosurgical procedures) pleocy-
tosis may be absent (Sánchez-Portocarrero et al., 2000;
Satishchandra et al., 2007). Glucose is low with elevated
CSF protein as typical finding.Aswith other opportunistic
infections, HIV-positive patients may have fewer cells
in the CSF then expected (e.g., cryptococcal meningitis).
The cryptococcal organism is found by India ink pre-
parations in more than 50% of HIV-negative patients
and 90% of patients with AIDS (Black and Baden,
2007; Satishchandra et al., 2007). Antigen assays in the
CSF show different sensitivities: Cryptococcus 90%,
Histoplasma 38% (Guimarães et al., 2006; Opota et al.,
2015). Although not commonly used, the cell wall com-
ponent 1,3-beta-D-glucan can be used as a preliminary
screening tool in the case of invasive fungal disease
(negative in Zygomycetes).

Protozoal and helminthic infections and
infestations of the nervous system

INTRODUCTION AND EPIDEMIOLOGY

Morbidity and mortality caused by parasitic infections of
the CNS are still considered major problems in most of
the world. The majority of patients are found in low-
and middle-income countries and correlate with the
hygienic surrounding, but parasitic infections of the ner-
vous system are being recognized in rising numbers also
in the developed world due to international air travel and
tourism, HIV infections, and posttransplant immune sup-
pression. The parasites infecting the nervous system are
divided into two groups depending on their cell number
(Table 12.7): protozoa (Greek: protos “first” and zoion
“animal”), a term coined by Georg August Goldfuß
describing parasites with only one cell (Langer, 1970),
and metazoa (multicellular organisms) or helminthes.
Pathophysiologically, multicellular helminthes have the
ability to destroy tissue and cross physical barriers
(e.g., skin), migrating and causing an inflammatory
response, which is often eosinophilic. The protozoa on
the other hand are mainly seen in immune-compromised
hosts, explaining the fact that most of the severe oppor-
tunistic infections in patients with HIVare caused by pro-
tozoan parasites (Walker and Zunt, 2005). Some

parasites regularly cause symptomatic disease, while
others cause few, if any, symptoms. Regarding the
CNS, the most common parasite is cysticercosis and only
secondary in numbers echinococcosis, toxoplasmosis,
and schistosomiasis. Vector-related parasites include
malaria, onchocerciasis, toxocariasis, trypanosomiasis,
and angiostrongyliasis and their occurrence is dependent
on the geographic region (endemic areas).

CLINICAL FEATURES

Clinical presentations of the parasitic CNS diseases can
be quite variable but have a certain common picture,
making the differential diagnosis between the different
infectious agents a challenge. Most parasites upon their
CNS infection lead to seizures or encephalopathy, eosin-
ophilia (in blood or CSF), and fever. Neurocysticercosis
most frequently is associated with headache, focal neu-
rologic deficits, and seizures, depending on the location
of the cysts (Carabin et al., 2011; Arora et al., 2017; Nash
et al., 2017). Interestingly, it has been shown in intracra-
nial electroencephalographic recordings that seizure
onset does not necessarily correlate with the neurocysti-
cercosis cyst location and in neurosurgical series of
patients a robust association between neurocysticercosis
and hippocampal sclerosis was shown, theorizing that
hippocampal sclerosis could result from recurrent seizure
activity due to a distant focus or from chronic recurrent
inflammation (Del Brutto et al., 2016).

Toxoplasmosis is caused by Toxoplasma gondii,
which develops into cysts in muscles (skeletal and car-
diac), retina, and the brain. The infection itself is often

Table 12.7

Parasitic infections of the central nervous system

Protozoa Trypanosomiasis
Malaria
Toxoplasma
Leishmaniasis
Amebiasis
Microsporidiasis

Metazoa Flatworms Schistosomiasis
Cysticercosis
Paragonimiasis
Hydatidosis
Coenurosis
Sparganosis

Roundworms Gnathostomisasis
Angiostrongyliasis
Filariasis
Toxocariasis
Strongyloidiasis
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subclinical. Once a cyst ruptures, the tachyzoite released
causes an acute illness with fever, lymphadenopathy,
rash, and visual disturbances. CNS lesions are almost
exclusively found in immune-compromised patients
and 20% of HIV-infected patients infected with Toxo-
plasma develop encephalitis. Transplacental infection
occurs and the consequences are devastating, causing
seizures, microcephaly, and chorioretinitis (Brooks
et al., 2015; Ngoungou et al., 2015; Cabral et al.,
2016; Sinai et al., 2016).

Clinical manifestation in echinococcosis can be quite
variable depending on the strain: cystic echinococcosis is
caused by Echinococcus granulosus, while alveolar
echinococcosis is caused by E. multilocularis. Cerebral
lesions occur in 1–4% of individuals with systemic cystic
echinococcosis, with nonspecific clinical findings
related to those of space-occupying lesions, increased
intracranial pressure, and seizure activity.

Schistosomiasis (Schistosoma mansoni and
S. haematobium) as a neurologic entity caused spinal
infections while S. japonicum affects the brain. Eggs
cause granuloma formation. The acute form is called
Katayama syndrome with fever, urticarial rash, cough,
and pulmonary infiltrates, often accompanied by a mod-
erate peripheral eosinophilia. This is caused mainly by
migrating larvae. In 3% of cases, encephalopathy
develops. If the CNS infection is not in the frame of acute
infection, cerebral schistosomiasis is asymptomatic but
depending on the size can cause focal symptoms. The
CNS evaluation for eosinophils is helpful here.

Malaria is the most common parasitic disease
worldwide and the cerebral form is always caused by
Plasmodium falciparum, usually resulting in acute
encephalopathy with fever, seizures, and coma. Vascular
damage is the usual mechanism of cerebral malaria and
depends on the amount of parasitemia. Early symptoms
are fatigue, headaches, irregular fever (nonspecific), fol-
lowed by vomiting, apathy, and then seizures and coma.

Toxocariasis infests the brain rarely but these patients
may present with seizures, eosinophilic meningitis, optic
neuritis, and meningomyelitis (Graeff-Teixeira et al.,
2009; Nicoletti, 2013; Pittella, 2013).

Onchocerciasis or river blindness is caused by Onch-
ocerca volvulus and the common symptoms include itch-
ing, skin bumps, and blindness. Epidemiologically
suspected to be linked to nodding disease, Avindra
Nath’s group recently showed that nodding syndrome
is an autoimmune epileptic disorder caused by molecular
mimicry, with O. volvulus antigens possibly suggesting
immunomodulatory therapies (Johnson et al., 2017).

Trypanosomiasis is divided in the American and Afri-
can form. The name is derived from the Greek trypano-
“borer” and soma “body” because of their corkscrew-like

motion. Trypanosoma cruzi is endemic in Latin America
and causes Chagas disease (Kennedy, 2004). CNS
involvement in Chagas disease may occur in a small per-
centage of patients in the acute phase. The African form
(sleeping sickness) infects the brain parenchyma by early
seeding in the choroid plexus and secondary passage into
the CSF, or by direct passage into the cerebral capillaries.
Symptoms range from meningitis to meningoencephali-
tis with brain edema and arachnoiditis and seizures and
death occur without treatment (Grab and Kennedy,
2008; Pittella, 2009; Ferrins et al., 2013).

CSF ANALYSIS

Microscopic CSF analysis

By examining CSF and blood samples using a micro-
scope, malaria, toxoplasmosis, and human African try-
panosomiasis can be identified directly (no staining
required). However, direct observation is time consum-
ing and labor-intensive, and proper diagnosis depends
on qualified laboratory technicians. This is unfortunately
not true for most other parasitic diseases. Eosinophilia is
common but very nonspecific (mostly seen in helminthic
infections). The antiparasite antibody assays are most
frequently used but limitations remain (especially in
endemic areas of old, nonacute infection). Both serum
and CSF samples are commonly used for the detection
of these antibodies. Detection in the CSF or serum of
products that are secreted by viable parasites is also pos-
sible in some conditions.

PCR

The detection of parasite DNA by PCR is an experimen-
tally simple approach and is currently receiving much
more attention than serologic detection of secreted prod-
ucts of viable parasites. Unfortunately, parasite DNA can
originate from both the live and dead organism and thus,
a positive PCR is not necessarily definitive proof of a
viable parasite infection. The strengths of the PCR,
however, are its sensitivity and exquisite specificity,
which are characteristics that provide a powerful tool
for the differential diagnosis of parasite subtypes and
polymorphisms and for molecular epidemiologic inves-
tigations. Additional specific tests can be useful.

Specific tests

For cysticercosis the detection of the HP10 antigen can
identify secreted metacestode glycoprotein. This assay
is useful for the long-term follow-up of patients, both
during and after treatment. The card agglutination test
for trypanosomes (antibody-mediated agglutination of
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fixed trypanosomes) is often used initially in the diagno-
sis of CNS trypanosomiasis, and is followed by direct
visualization of the parasite in CSF. Various PCR-based
methods and immunodiagnostic tests are used to detect
antibodies to parasite proteins of Plasmodium to diag-
nose malaria.

CHRONIC INFECTIOUS DISEASES OF
THE CNS

Human immunodeficiency virus infection

Thirty-five million people have died from AIDS-related
illnesses since the start of the epidemic. Today, an esti-
mated 36.7 million people globally live with HIV and
2.1 million people have become newly infected. The
access to antiretroviral therapy is improving (�18.2
million) and remains the strongest and most important
tool to fight AIDS (Fettig et al., 2014; UNAIDS,
2016). Two viral subtypes, HIV-1 and HIV-2, exist, of
which HIV-1 is by far the most common. The improved
efficacy of today’s treatment has turned HIV into a
chronic disease with life expectancy approaching popu-
lation norms for patients who complywith an appropriate
antiretroviral treatment (Teeraananchai et al., 2017).
Despite the achievements in the management of HIV
infection, the virus persists in the latency organs of the
host for the host’s entire life. Most obvious association
with the CNS is via opportunistic infections, discussed
above. Without antiretroviral treatment, the progressive
decline of CD4+ cells leads to the development of
CNS opportunistic infections (cryptococcosis, tuber-
culosis, toxoplasmosis). Besides this, HIV enters the
brain directly and is detectable in the CSF.

The direct advancedHIVinfection of the CNS is asso-
ciated with cognitive impairment independent of oppor-
tunistic infections (Snider et al., 1983). AIDS dementia
complex, a subcortical dementia, was characterized as
a disabling disorder of progressive loss of attention
and concentration, notable motor slowing, and various
behavioral components, and generally led to death within
a year (Navia et al., 1986). The complexwas termedHIV-
associated dementia (Antinori et al., 2007) and the term
HIV-associated neurocognitive disorders (HAND) is
most commonly used today (Carroll and Brew, 2017).
Compared to the general population, about a half of
patients with HIV infection have lower cognitive perfor-
mance levels, categorized as a mild neurocognitive dis-
order. The main difference between CNS infections
and HIV-associated neurocognitive disorders is their
response to antiretroviral therapy.

While CNS opportunistic infections and the preva-
lence of HIV-associated dementia have significantly
decreased in the era of effective antiretroviral therapies,

still about half of all treated patients with HIV have cog-
nitive impairment. HIV RNA has been found in CSF
from patients regardless of CSF involvement, but the
viral load in CSF is usually lower than in plasma. Virus
load does not seem to correlate with the severity of the
HIV-associated dementia nor with abnormal quantitative
neurologic performance (Kaul, 2009). On the other hand,
lower HIV DNA levels in monocytes are associated with
highly active antiretroviral therapy initiation within the
first year of infection, suggesting that the early com-
mencement of highly active antiretroviral therapy may
improve outcomes in HAND (Murray et al., 2012; Dahl
et al., 2014). In recent studies a negative correlation of
the amount of CSF interferon-a and cognitive performance
was found, strengthening the hypothesis that it is not direct
viral infiltration but rather inflammatory responses that
may be responsible for HAND (de Almeida et al., 2017).
CSF pleocytosis, consisting mostly of lymphocytes and
to a lesser extent of monocytes, is present early in the
course of HIV infection even in neurologically asymptom-
atic subjects, suggesting that it is directly linked to HIV
infection itself, rather than an undiagnosed opportunistic
infection or neurologic complications (Ho et al., 2013).

Antiretroviral treatment also reduces initial pleocyto-
sis. Interestingly, if untreated, CSF pleocytosis correlates
with plasma and CSF HIV RNA levels and with levels of
CSF and blood CD8+ cell activation. Despite stable and
successful control of HIV-1 in the periphery, approxi-
mately 5–10% of individuals with HIV-1 still have
detectable virus in the CSF, termed “CSF escape”
(Ed�en et al., 2010). Disagreement between the HIV viral
loads in the plasma and CSF is defined by detectable
levels of HIV RNA in the CSF, indicative of a viral load
of>200 copies/mL, when the viral load in the plasma is
<50 copies/mL or by an HIV RNAviral load in the CSF
that is �1 log higher than that in the plasma (Canestri
et al., 2010). The appearance of new neurologic symp-
toms in the context of standard antiretroviral therapy reg-
imens and well-controlled plasma HIV infection
warrants an evaluation of the CSF to determine whether
CNS isolated viral replication is occurring.

Neurosyphilis

Treponema pallidum causes syphilis and, if the CNS is
involved, neurosyphilis. Three stages are usually seen
in the course of the disease. In the early stage, the infec-
tion presents with painless genital ulcers and lymphade-
nopathy. After 3–5 weeks of primary infection, some
patients progress to secondary syphilis, manifesting as
meningitis. Meningitis in secondary syphilis only occurs
in 25% of syphilis infections and may present with head-
ache, vomiting, photophobia, and cranial nerve deficits
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(most commonly of the seventh and eighth nerves). Late
disease occurs >10 weeks later and is also termed latent
syphilis. This form can ultimately lead to tertiary syphilis
presenting as further neurologic dysfunction, including
tabes dorsalis, dementia, and general paresis (Read and
Donovan, 2012; Clement et al., 2014). Serologic testing
with Venereal Disease Research Laboratory (VDRL) and
rapid plasma reagin is the gold standard for screening.
Regarding the VDRL, although estimated specificity is
high, sensitivity is lower, which is a major limitation
of the test. The method for both the serum and CSF
VDRL tests requires specialized glass plates and a light
microscope. For CSF testing, the cardiolipin-lecithin-
cholesterol antigen is diluted and a smaller volume of
the antigen suspension is used compared to serum,
adjusting for the much lower concentration of immuno-
globulin in CSF compared with blood.

In contrast to the VDRL test, the rapid plasma reagin
test for plasma or serum incorporates carbon particles,
which enables the test to be performed on a disposable
paper card and read with the naked eye, rather than a
microscope (Marra et al., 2012). The main limitations of
nontreponemal tests are their reduced sensitivity in pri-
mary syphilis and late latent syphilis, and false-positive
results due to cross-reactivity. After a positive initial
screening, fluorescent treponemal antibody absorption
(FTA-ABS) test or T. pallidum particle agglutination
can be used to confirm infection (Janier et al., 2014).

The sensitivity of nontreponemal and treponemal
tests for syphilis increases with duration of infection,
and ranges from approximately 75% in the primary stage
to virtually 100% in the secondary stage. In all patients
with late latent syphilis, LP is recommended to exclude
neurosyphilis. CSF testing is considered diagnostic
when it demonstrates a mononuclear cell count greater
than 5–10 cells/mL, protein concentration greater than
40 mg/dL, and a reactive CSF VDRL.

While CSF-VDRL is specific, the test lacks sensitiv-
ity (as low as 27%: Davis and Schmitt, 1989) and cannot
be used to exclude disease (Nayak and Acharjya, 2012).
In general, we recommend that all CSF samples be
tested for VDRL even if the indication for the LP was
not related. PCR testing for CSF infection is controver-
sial, with 50% of neurosyphilis patients testing
negative (Castro et al., 2016). Appropriate treatment of
neurosyphilis should reduce the CSF pleocytosis and
protein by 6 months after treatment, but CSF VDRL test
results may remain reactive for at least 2 years. Leuko-
cyte count is a sensitive measure of the effectiveness
of therapy. If the cell count has not decreased after
6months, or if the CSF cell count or protein is not normal
after 2 years, retreatment should be considered (Marra
et al., 2008).

Tuberculosis of the central nervous system

Tuberculous meningitis is often seen in immunocompro-
mised individuals, most commonly as an HIV
co-infection. In immunocompetent individuals, how-
ever, tuberculous meningitis is not uncommon: of the
8.7 million incident cases in 2011, 1.1 million (1.0–1.2
million or 12–14%) were among people living with
HIV (Glaziou et al., 2014). Clinically headache, fever,
weight loss, vomiting, and cranial nerve palsies are com-
mon. Focal symptoms from tuberculomas, miliary dis-
ease, or cerebral infarction may also be seen (Brancusi
et al., 2012; Pehlivanoglu et al., 2012).

Tuberculous meningitis is not easy to diagnose: LP
typically reveals a nonspecific pattern of elevated intra-
cranial pressure, lymphocytic pleocytosis, elevated
protein, and low glucose. In HIV-positive individuals,
it is important to note that CSF cell counts may not dem-
onstrate lymphocytosis. Research suggests that large
CSF volumes and longer microscopy examination
times identified Mycobacterium tuberculosis using
acid-fast stains with a sensitivity of 52%. CSF cultures
on Lowenstein-Jensen medium are also effective in
detecting M. tuberculosis in up to 90% of cases; how-
ever, this technique is severely limited due to result
times of several weeks. DNA detection in CSF by
PCR assay may be a useful ancillary diagnostic test,
with a nearly 100% specificity but a sensitivity that var-
ies between 30% and 50%, thus limiting its usefulness.
Empiric therapy should be started as soon as the diag-
nosis is suspected, as confirmatory testing is typically
delayed.

Subacute sclerosing panencephalitis

SSPE occurs in immunocompetent children who
encounter natural measles infection at a young age.
The risk of developing SSPE after childhood measles
is estimated as 1/25,000 and vaccine coverage over
90% arrests the transmission of measles in a population
and reduces markedly the incidence of SSPE. It is gener-
ally accepted that the measles virus (MV) can reach
the brain by infecting circulating lymphocytes or endo-
thelial cells. Transneuronal and axonal spread is also
considered. Viral antigens are expressed and induce an
anti-MV immune response. Cognitive changes can be
subtle. Myoclonus is the most common and frequently
the first symptom bringing the child to medical attention.

In the beginning slow, brief blinking or head-
dropping attacks, or asymmetric upper body jerks can
be observed several times a day, more in the evening
when the child is tired. Rare and less typical presenta-
tions of SSPE include epileptic seizures, epilepsia partia-
lis continua, acute encephalopathy, hemiparesis, acute
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ataxia, unilateral dystonia, or psychiatric disturbances
and dementia. CSF analysis, protein, and cell count are
normal and pressure can be normal or, infrequently, ele-
vated. Immunoglobulin index is high and oligoclonal
bands reacting with MV antigens are seen in almost all
patients. Antimeasles IgG and measles-specific IgG
index are diagnostic. MV RNA can sometimes be
detected by rt-PCR. No specific drug can clear the
persistent MV from the CNS. Antiviral and immuno-
modulatory treatments can achieve partial remission or
stabilization rates exceeding those expected in the natural
course (Steiner et al., 2014). Intraventricular interferon
treatment has been shown to modify the course of SSPE
and should be considered (Wirguin et al., 1988, 2005;
Steiner et al., 2016).

Mollaret’s meningitis

Mollaret’s meningitis is characterized by recurrent self-
limiting meningitis in otherwise healthy individuals
(Mollaret, 1944). Recurrence takes place at intervals of
several weeks to months and has been documented after
up to 28 years, with attacks lasting for several days and
then resolving (Tyler and Adler, 1983). CSF contains
from 200 to several thousands of lymphocytes per cubic
millimeter, and large endothelial cells, termed Mollaret
cells, may be present. Protein levels in the CSF are ele-
vated and glucose may sometimes be low. Complete
recovery occurs within several days. Diagnosis is estab-
lished after other causes of lymphocytic meningitis have
been ruled out.

Mollaret originally suspected either a hypersensitivity
condition or an infectious disease. In some patients the
disorder has been associated with Epstein–Barr virus
(Graman, 1987),HSV-1 (Steel et al., 1982), and histoplas-
mosis (Haynes et al., 1976), but the majority of cases are
associated with HSV-2 infection (Bergstr€om et al., 1990).
In 1991 Berger reported 3 patients in whom Mollaret’s
meningitis followed recrudescence of genital herpes.
The attacks responded to acyclovir in 2 patients, and in
1 the disorder did not recur following treatment. Prior
to the introduction of PCR technology, the possibility that
the disorder was due to an HSV infection was intriguing
because of the recurrent, self-limiting nature of the condi-
tion and because of the CSF findings, which were com-
patible with viral infection. Indeed, PCR made it
possible to identify the etiology of the disease in most,
if not all, patients and to attribute it either to HSV-2
(Picard et al., 1993; Cohen et al., 1994; Jensenius et al.,
1998), or to HSV-1 in selected cases (Yamamoto et al.,
1991; Tedder et al., 1994). Cohen et al. (1994) reported
the identification of HSV-2 DNA in the CSF of patients

with Mollaret’s meningitis associated with the presence
of Mollaret cells in the CSF.

Whether to treat patients during the acute attacks
remains an open question. Although some reports sug-
gested either shorter episodes (Cohen et al., 1994;
Jensenius et al., 1998) or resolution of the syndrome
(Berger, 1991; Picard et al., 1993), one could argue
that a short course of antiherpetic treatment does not
affect the viral reservoir and is not associatedwith preven-
tion of futuremucocutaneous disease (Straus et al., 1984).
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Guimarães AJ, Nosanchuk JD, Zancop�e-Oliveira RM (2006).

Diagnosis of histoplasmosis. Braz J Microbiol 37: 1–13.
HalpinDK,Rota P (2015).A review ofHendra virus andNipah

virus infections in man and other animals. In: Zoonoses –

infections affecting humans and animals, Springer

Netherlands, Dordrecht, pp. 997–1012.

Hamon M, Bierne H, Cossart P (2006). Listeria monocyto-
genes: a multifaceted model. Nat Rev Microbiol 4:
423–434.

202 F. BENNINGER AND I. STEINER

http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0250
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0250
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0250
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0250
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0255
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0255
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0255
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0255
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0260
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0260
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0260
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0265
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0265
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0265
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0270
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0270
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0270
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0270
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0270
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0275
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0275
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0275
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0275
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0280
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0280
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0280
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf2005
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf2005
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf2005
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf2005
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0285
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0285
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0285
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0290
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0290
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0290
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0290
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0295
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0295
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0295
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0295
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0300
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0300
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0300
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0305
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0305
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0305
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0310
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0310
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0310
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0315
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0315
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0315
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0315
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0320
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0320
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0320
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0325
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0325
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0325
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0330
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0330
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0330
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0335
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0335
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0340
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0340
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0340
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0340
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0340
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0345
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0345
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0345
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0350
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0350
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0350
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0350
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0355
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0355
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0355
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0355
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0360
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0360
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0360
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0365
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0365
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0365
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0370
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0370
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0375
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0375
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0375
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0380
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0380
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0380
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0385
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0385
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0385
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0390
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0390
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0390
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0390
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0395
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0395
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0395
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0400
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0400
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0400
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0400
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0405
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0405
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0405
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0410
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0410
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0410
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0410
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0415
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0415
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0415


Harvala H, Simmonds P (2016). Viral meningitis: epidemiol-

ogy and diagnosis. Lancet Infect Dis 16: 1211–1212.
Hasbun R, Abrahams J, Jekel J et al. (2001). Computed tomog-

raphy of the head before lumbar puncture in adultswith sus-

pected meningitis. N Engl J Med 345: 1727–1733.
HaseR,HosokawaN,YaegashiM et al. (2014). Bacterialmen-

ingitis in the absence of cerebrospinal fluid pleocytosis: a

case report and review of the literature. Can J Infect Dis

Med Microbiol 25: 249–251.
Haynes BF,Wright R, McCracken JP (1976). Mollaret menin-

gitis. A report of three cases JAMA 236: 1967–1969.
Hegen H, Auer M, Deisenhammer F (2014). Serum glucose

adjusted cut-off values for normal cerebrospinal fluid/

serum glucose ratio: implications for clinical practice.

Clin Chem Lab Med 52: 1335–1340.
Ho EL, Ronquillo R, Altmeppen H et al. (2013). Cellular com-

position of cerebrospinal fluid in HIV-1 infected and unin-

fected subjects. PLoS One 8. e66188.
Ito Y, Kimura H, Yabuta Y et al. (2000). Exacerbation of her-

pes simplex encephalitis after successful treatment with

acyclovir. Clin Infect Dis 30: 185–187.
Janier M, Hegyi V, Dupin N et al. (2014). 2014 European

guideline on the management of syphilis. J Eur Acad

Dermatol Venerol 28: 1581–1593.
Jarius S, Eichhorn P,Wildemann B et al. (2012). Usefulness of

antibody index assessment in cerebrospinal fluid from

patients negative for total-IgG oligoclonal bands. Fluids

Barriers CNS 9: 14.
Jellinger KA (2009). Neurotropic virus infections. Eur

J Neurol 16: e69–e69.
JenseniusM,MyrvangB, StørvoldG et al. (1998). Herpes sim-

plex virus type 2 DNA detected in cerebrospinal fluid of 9

patients with Mollaret’s meningitis. Acta Neurol Scand 98:
209–212.

Johnson TP, Tyagi R, Lee PR et al. (2017). Nodding syndrome

may be an autoimmune reaction to the parasitic worm

Onchocerca volvulus. Sci Transl Med 9. eaaf6953.
Jordan B, K€osling S, Emmer A et al. (2016). A study on viral

CNS inflammation beyond herpes encephalitis.

J Neurovirol 22: 763–773.
Jouan Y, Grammatico-Guillon L, Espitalier F et al. (2015).

Long-term outcome of severe herpes simplex encephalitis:

a population-based observational study. Crit Care 19: 345.
Julián-Jim�enez A, Morales-Casado MI (2016). Usefulness of

blood and cerebrospinal fluid laboratory testing to predict

bacterial meningitis in the emergency department.

Neurologia. https://doi.org/10.1016/j.nrl.2016.05.009.
Kaul M (2009). HIV-1 associated dementia: update on patho-

logical mechanisms and therapeutic approaches. Curr Opin

Neurol 22: 315–320.
Kennedy PGE (2004). Human African trypanosomiasis of the

CNS: current issues and challenges. J Clin Invest 113:
496–504.

Kennedy PGE, Steiner I (2013). Recent issues in herpes sim-

plex encephalitis. J Neurovirol 19: 346–350.
Khatib U, van de Beek D, Lees JA et al. (2017). Adults with

suspected central nervous system infection: a prospective

study of diagnostic accuracy. J Infect 74: 1–9.

Koedel U, Scheld WM, Pfister H-W (2002). Pathogenesis and

pathophysiology of pneumococcal meningitis. Lancet

Infect Dis 2: 721–736.
Koedel U, Klein M, Pfister H-W (2010a). Modulation of brain

injury as a target of adjunctive therapy in bacterial menin-

gitis. Curr Infect Dis Rep 12: 266–273.
Koedel U, KleinM, Pfister H-W (2010b). New understandings

on the pathophysiology of bacterial meningitis. Curr Opin

Infect Dis 23: 217–223.
Koeller KK, Shih RY (2017). Viral and prion infections of the

central nervous system: radiologic-pathologic correlation:

from the radiologic pathology archives. Radiographics 37:
199–233.

Koskiniemi M, Vaheri A, Taskinen E (1984). Cerebrospinal

fluid alterations in herpes simplex virus encephalitis. Rev

Infect Dis 6: 608–618.
Kothur K, Wienholt L, Brilot F et al. (2016). CSF cytokines/

chemokines as biomarkers in neuroinflammatory CNS dis-

orders: a systematic review. Cytokine 77: 227–237.
Koutroumanidis M, Hennessy MJ, Seed PT et al. (2000).

Significance of interictal bilateral temporal hypometabo-

lism in temporal lobe epilepsy. Neurology 54: 1811–1821.
Langer W (1970). Naturhistoriker Georg August Goldfuss

(1782–1848). Decheniana.

Lebel MH, McCracken GH (1989). Delayed cerebrospinal

fluid sterilization and adverse outcome of bacterial menin-

gitis in infants and children. Pediatrics 83: 161–167.
Lee SCM, Lueck CJ (2014). Cerebrospinal fluid pressure in

adults. J Neuroophthalmol 34: 278–283.
LelandDS, Ginocchio CC (2007). Role of cell culture for virus

detection in the age of technology. Clin Microbiol Rev 20:
49–78.

Lim HK, Sepp€anen M, Hautala T et al. (2014). TLR3 defi-

ciency in herpes simplex encephalitis: high allelic hetero-

geneity and recurrence risk. Neurology 83: 1888–1897.
Lin W-L, Chi H, Huang F-Y et al. (2014). Analysis of clinical

outcomes in pediatric bacterial meningitis focusing on

patients without cerebrospinal fluid pleocytosis.

J Microbiol Immunol Infect: 1–6.
Lindquist L, Linne T, Hansson LO et al. (1988). Value of cere-

brospinal fluid analysis in the differential diagnosis of men-

ingitis: a study in 710 patients with suspected central nervous

system infection. Eur J ClinMicrobiol Infect Dis 7: 374–380.
Liu L, Johnson H, Cousens S et al. (2012). Global, regional,

and national causes of child mortality: an updated system-

atic analysis for 2010 with time trends since 2000. Lancet

379: 2151–2161.
Mandell GL, Bennett JE, Dolin R (2010). Mandell, Douglas,

andBennett’s principles and practice of infectious diseases,

Churchill Livingstone, Philadelphia, PA.

Manghera M, Ferguson J, Douville R (2014). Endogenous

retrovirus-K and nervous system diseases. Curr Neurol

Neurosci Rep 14: 488.
Marra CM, Maxwell CL, Tantalo LC et al. (2008).

Normalization of serum rapid plasma reagin titer predicts

normalization of cerebrospinal fluid and clinical abnormal-

ities after treatment of neurosyphilis. Clin Infect Dis 47:
893–899.

CSF IN ACUTE AND CHRONIC INFECTIOUS DISEASES 203

http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0420
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0420
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0425
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0425
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0425
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0430
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0430
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0430
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0430
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0435
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0435
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0440
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0440
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0440
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0440
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0445
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0445
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0445
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0450
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0450
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0450
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0455
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0455
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0455
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0460
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0460
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0460
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0460
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0465
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0465
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0470
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0470
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0470
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0470
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0475
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0475
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0475
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0480
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0480
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0480
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0480
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0485
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0485
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0485
https://doi.org/10.1016/j.nrl.2016.05.009
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0495
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0495
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0495
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0500
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0500
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0500
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0505
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0505
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0510
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0510
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0510
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0515
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0515
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0515
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0520
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0520
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0520
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0525
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0525
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0525
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0530
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0530
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0530
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0530
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0535
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0535
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0535
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0540
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0540
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0540
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0545
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0545
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0545
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0550
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0550
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0555
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0555
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0555
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0560
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0560
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0565
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0565
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0565
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0570
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0570
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0570
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0570
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0575
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0575
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0575
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0575
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0580
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0580
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0580
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0580
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0585
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0585
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0585
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0585
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0590
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0590
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0590
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0595
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0595
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0595
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0600
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0600
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0600
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0600
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0600


Marra CM, Tantalo LC, Maxwell CL et al. (2012). The rapid

plasma reagin test cannot replace the venereal disease

research laboratory test for neurosyphilis diagnosis. Sex

Transm Dis 39: 453–457.
Martins WA, Palmini A (2015). Periodic lateralized epilepti-

form discharges (PLEDs) in herpetic encephalitis. Arq

Neuropsiquiatr 73: 1046.
Martins HS, da Silva TR, Scalabrini-Neto A et al. (2010).

Cerebral vasculitis caused by Aspergillus simulating ische-

mic stroke in an immunocompetent patient. J Emerg Med

38: 597–600.
McCarthy MW, Walsh TJ (2017). Molecular diagnosis of

invasive mycoses of the central nervous system. Expert

Rev Mol Diagn 17: 129–139.
McGill F, Griffiths MJ, Solomon T (2017). Viral meningitis:

current issues in diagnosis and treatment. Curr Opin

Infect Dis 1.
Mechelli R, Manzari C, Policano C et al. (2015). Epstein–Barr

virus genetic variants are associated with multiple sclero-

sis. Neurology 84: 1362–1368.
Mentis AFA, Kyprianou MA, Xirogianni A et al. (2016).

Neutrophil-to-lymphocyte ratio in the differential diagno-

sis of acute bacterial meningitis. Eur J Clin Microbiol

Infect Dis 35: 397–403.
Mollaret MP (1944). La m�eningite endoth�elio-leucocytaire

multir�ecurrente b�enigne. Syndrome nouveau ou maladie

nouvelle? Rev. Neurol Paris 76: 57–76.
Murray JM, McBride K, Boesecke C et al. (2012). Integrated

HIV DNA accumulates prior to treatment while episomal

HIV DNA records ongoing transmission afterwards.

AIDS 26: 543–550.
Mustafa MM, Ramilo O, Mertsola J et al. (1989). Modulation

of inflammation and cachectin activity in relation to treat-

ment of experimental Hemophilus influenzae type b men-

ingitis. J Infect Dis 160: 818–825.
Mørk N, Kofod-Olsen E, Sørensen KB et al. (2015).Mutations

in the TLR3 signaling pathway and beyond in adult patients

with herpes simplex encephalitis. Genes Immun 16:
552–566.

Nahmias AJ, Whitley RJ, Visintine AN et al. (1982). Herpes

simplex virus encephalitis: laboratory evaluations and their

diagnostic significance. J Infect Dis 145: 829–836.
Naik V, Ahmed FU, Gupta A et al. (2015). Intracranial fungal

granulomas: a single institutional clinicopathologic study

of 66 patients and review of the literature. World

Neurosurg 83: 1166–1172.
Nakamura S, Osaka H, Muramatsu S et al. (2015). Mutational

and functional analysis of glucose transporter I deficiency

syndrome. Mol Genet Metab 116: 157–162.
Nash TE, Bustos JA, Garcia HH et al. (2017). Disease centered

around calcified Taenia solium granuloma. Trends

Parasitol 33: 65–73.
Nau R, Soto A, Br€uck W (1999). Apoptosis of neurons in the

dentate gyrus in humans suffering from bacterial meningi-

tis. J Neuropathol Exp Neurol 58: 265–274.
Navia BA, Jordan BD, Price RW (1986). The AIDS dementia

complex: I. Clinical features Ann Neurol 19: 517–524.
Nayak S, Acharjya B (2012). VDRL test and its interpretation.

Indian J Dermatol 57: 3–8.

Nesher L, Hadi CM, Salazar L et al. (2016). Epidemiology of

meningitis with a negative CSF Gram stain: under-

utilization of available diagnostic tests. Epidemiol Infect

144: 189–197.
Ngoungou EB, Bhalla D, Nzoghe A et al. (2015).

Toxoplasmosis and epilepsy – systematic review and meta

analysis. PLoS Negl Trop Dis 9. e0003525.
Nguyen MH, Yu VL (1995). Meningitis caused by Candida

species: an emerging problem in neurosurgical patients.

Clin Infect Dis 21: 323–327.
Nicoletti A (2013). Toxocariasis. Handb Clin Neurol 114:

217–228.
Opota O, Desgraz B, Kenfak A et al. (2015). Cryptococcus

neoformansmeningitis with negative cryptococcal antigen:

evaluation of a new immunochromatographic detection

assay. Microbes Infect 4: 1–4.
Paez-Espino D, Eloe-Fadrosh EA, Pavlopoulos GA et al.

(2016). Uncovering earth’s virome. Nature 536: 425–430.
Pamer EG (2004). Immune responses to Listeria monocyto-

genes. Nat Rev Immunol 4: 812–823.
Pecho-Vrieseling E et al. (2014). Transneuronal propagation

of mutant huntingtin contributes to non-cell autonomous

pathology in neurons. Nature Neurosci 17: 1064–1072.
https://doi.org/10.1038/nn.3761.

Pehlivanoglu F, Yasar KK, Sengoz G (2012). Tuberculous

meningitis in adults: a review of 160 cases. Sci World J

2012: 169028–169036.
Peiris JSM,GuanY,YuenKY (2004). Severe acute respiratory

syndrome. Nat Med 10: S88–S97.
Pessa ME, Janes F, Gigli GL (2016). Electroencephalographic

evaluation for early diagnosis of limbic encephalitis. Clin

EEG Neurosci 47: 207–210.
Pfaller MA, Pappas PG, Wingard JR (2006). Invasive fungal

pathogens: current epidemiological trends. Clin Infect

Dis 43: S3–S14.
Picard FJ, Dekaban GA, Silva J et al. (1993). Mollaret’s men-

ingitis associated with herpes simplex type 2 infection.

Neurology 43: 1722–1727.
Piquet AL, Cho TA (2016). The clinical approach to enceph-

alitis. Curr Neurol Neurosci Rep 16: 45.
Pittella JEH (2009). Central nervous system involvement in

Chagas disease: a hundred-year-old history. Trans R Soc

Trop Med Hyg 103: 973–978.
Pittella JEH (2013). Pathology of CNS parasitic infections.

Handb Clin Neurol 114: 65–88.
Read PJ, Donovan B (2012). Clinical aspects of adult syphilis.

Intern Med J 42: 614–620.
Reiber H (1998). Cerebrospinal fluid – physiology, analysis

and interpretation of protein patterns for diagnosis of neu-

rological diseases. Mult Scler 4: 99–107.
Reiber H, Ungefehr S, Jacobi C (1998). The intrathecal, poly-

specific and oligoclonal immune response in multiple scle-

rosis. Mult Scler 4: 111–117.
Revello MG, Baldanti F, Sarasini A et al. (1997). Quantitation

of herpes simplex virus DNA in cerebrospinal fluid of

patients with herpes simplex encephalitis by the polymer-

ase chain reaction. Clin Diagn Virol 7: 183–191.
Rotbart HA, Levin MJ, Villarreal LP et al. (1985). Factors

affecting the detection of enteroviruses in cerebrospinal

204 F. BENNINGER AND I. STEINER

http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0605
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0605
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0605
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0605
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0610
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0610
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0610
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0615
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0615
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0615
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0615
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0620
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0620
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0620
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0625
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0625
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0625
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0630
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0630
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0630
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0635
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0635
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0635
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0635
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0640
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0640
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0640
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0640
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0640
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0640
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0640
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0645
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0645
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0645
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0645
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0650
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0650
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0650
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0650
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0655
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0655
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0655
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0655
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0660
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0660
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0660
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0665
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0665
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0665
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0665
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0670
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0670
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0670
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0675
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0675
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0675
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0680
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0680
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0680
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0680
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0685
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0685
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0690
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0690
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0695
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0695
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0695
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0695
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0700
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0700
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0700
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0705
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0705
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0705
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0710
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0710
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0715
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0715
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0715
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0715
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0720
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0720
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0725
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0725
https://doi.org/10.1038/nn.3761
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0730
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0730
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0730
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0735
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0735
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0740
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0740
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0740
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0745
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0745
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0745
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0750
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0750
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0750
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0755
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0755
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0760
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0760
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0760
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0765
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0765
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0770
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0770
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0775
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0775
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0775
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0780
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0780
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0780
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0785
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0785
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0785
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0785
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0790
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0790


fluid with coxsackievirus B3 and poliovirus 1 cDNA

probes. J Clin Microbiol 22: 220–224.
SaccenteM,Woods GL (2010). Clinical and laboratory update

on blastomycosis. Clin Microbiol Rev 23: 367–381.
Saini AG, Sankhyan N, Padmanabh H et al. (2016). Subacute

sclerosing panencephalitis presenting as acute cerebellar

ataxia and brain stem hyperintensities. Eur J Paediatr

Neurol 20: 435–438.
Sakushima K, Hayashino Y, Kawaguchi T et al. (2011).

Diagnostic accuracy of cerebrospinal fluid lactate for dif-

ferentiating bacterial meningitis from aseptic meningitis:

a meta-analysis. J Infect 62: 255–262.
Sánchez-Portocarrero J, P�erez-Cecilia E, Corral O et al.

(2000). The central nervous system and infection by

Candida species. Diagn Microbiol Infect Dis 37: 169–179.
Sande MA, Korzeniowski OM, Allegro GM et al. (1981).

Intermittent or continuous therapy of experimental menin-

gitis due to Streptococcus pneumoniae in rabbits: prelimi-

nary observations on the postantibiotic effect in vivo. Rev

Infect Dis 3: 98–109.
Saraya AW, Wacharapluesadee S, Petcharat S et al. (2016).

Normocellular CSF in herpes simplex encephalitis. BMC

Res Notes 9: 95.
Satishchandra P, Mathew T, Gadre G et al. (2007).

Cryptococcal meningitis: clinical, diagnostic and therapeu-

tic overviews. Neurol India 55: 226–232.
SaukkonenK, Sande S, Cioffe C et al. (1990). The role of cyto-

kines in the generation of inflammation and tissue damage

in experimental Gram-positive meningitis. J ExpMed 171:
439–448.

ScheldWM,KoedelU,NathanB et al. (2002). Pathophysiology

of bacterial meningitis: mechanism(s) of neuronal injury.

J Infect Dis 186 (Suppl 2): S225–S233.
Schloss L, Falk KI, Skoog E et al. (2009).Monitoring of herpes

simplex virus DNA types 1 and 2 viral load in cerebrospinal

fluid by real-time PCR in patients with herpes simplex

encephalitis. J Med Virol 81: 1432–1437.
Schneider O, Michel U, Zysk G et al. (1999). Clinical

outcome in pneumococcal meningitis correlates with

CSF lipoteichoic acid concentrations. Neurology 53:
1584–1587.

Sharief MK, Thompson EJ (1990). A sensitive ELISA sys-

tem for the rapid detection of virus specific IgM anti-

bodies in the cerebrospinal fluid. J Immunol Methods

130: 19–24.
ShariefMK, CiardiM, Thompson EJ (1992). Blood–brain bar-

rier damage in patients with bacterial meningitis: associa-

tion with tumor necrosis factor-alpha but not interleukin-1

beta. J Infect Dis 166: 350–358.
Sharma BS, Khosla VK, Kak VK et al. (1997). Intracranial

fungal granuloma. Surg Neurol 47: 489–497.
SinaiAP,WattsEA,DharaAet al. (2016).Reexamining chronic

Toxoplasma gondii infection: surprising activity for a

“dormant” parasite. Curr Clin Microbiol Rep 3: 175–185.
Sing A (2014). Zoonoses – infections affecting humans and

animals, Springer, Dordrecht.

Slack SD, Turley P, Allgar V et al. (2016). Cerebrospinal fluid

lactate: measurement of an adult reference interval. Ann

Clin Biochem 53: 164–167.

SniderWD, Simpson DM, Nielsen S et al. (1983). Neurological

complications of acquired immune deficiency syndrome:

analysis of 50 patients. Ann Neurol 14: 403–418.
Solomon T, Michael BD, Smith PE et al. (2012). Management

of suspected viral encephalitis in adults – Association of

British Neurologists and British Infection Association

national guidelines. J Infect 64: 347–373.
Spanos A, Harrell FE, Durack DT (1989). Differential diagno-

sis of acute meningitis: an analysis of the predictive value

of initial observations. JAMA 262: 2700–2707.
Stahl JP, Mailles A, Dacheux L et al. (2011). Epidemiology

of viral encephalitis in 2011. Med Mal Infect 41: 453–464.
Steel JG, Dix RD, Baringer JR (1982). Isolation of herpes sim-

plex virus type 1 in recurrent (Mollaret) meningitis. Ann

Neurol 11: 17–21.
Steiner I (2011). Herpes simplex virus encephalitis: new infec-

tion or reactivation? Curr Opin Neurol 24: 268–274.
Steiner I (2012). Herpes simplex virus meningoencephalitis.

In: AC Jackson (Ed.), Viral infections of the human ner-

vous system. Springer, Basel, pp. 47–63. https://doi.org/

10.1007/978-3-0348-0425-7_3.

Steiner I, Tyler KL (2014). The Toll (like receptor 3) to the

pathogenesis of herpes simplex encephalitis. Neurology

83: 1882–1883.
Steiner I, Kennedy PG, Pachner AR (2007). The neurotropic

herpes viruses: herpes simplex and varicella-zoster.

Lancet Neurol 6: 1015–1028.
Steiner I, Budka H, Chaudhuri A et al. (2010). Viral meningo-

encephalitis: a review of diagnosticmethods and guidelines

for management. Eur J Neurol 17: 999–e57.
Steiner I, Livneh V, Hoffmann C et al. (2014). Steroid-

responsive, progressive, focal measles virus brain infec-

tion. Ann Neurol 75: 967–970.
Steiner I, Wirguin I, Morag A et al. (2016). Intraventricular

interferon treatment for subacute sclerosing panencephali-

tis. J Child Neurol 4: 20–24.
Stingele K, Haas J, Zimmermann T et al. (2001). Independent

HIV replication in paired CSF and blood viral isolates dur-

ing antiretroviral therapy. Neurology 56: 355–361.
Straus SE, Takiff HE, Seidlin M et al. (1984). Suppression of

frequently recurring genital herpes. A placebo-controlled

double-blind trial of oral acyclovir. N Engl J Med 310:
1545–1550.

Sundaram C, Murthy JMK (2011). Intracranial Aspergillus
granuloma. Pathol Res Int 2011: 157320–157325.

Tavakoli NP, Wang H, Nattanmai S et al. (2008). Detection

and typing of enteroviruses from CSF specimens from

patients diagnosed with meningitis/encephalitis. J Clin

Virol 43: 207–211.
Tedder DG, Ashley R, Tyler KL et al. (1994). Herpes simplex

virus infection as a cause of benign recurrent lymphocytic

meningitis. Ann Intern Med 121: 334–338.
Teeraananchai S, Kerr SJ, Amin J et al. (2017). Life expec-

tancy of HIV-positive people after starting combination

antiretroviral therapy: a meta-analysis. HIV Med 18:
256–266.

Thigpen MC, Whitney CG, Messonnier NE et al. (2011).

Bacterial meningitis in the United States, 1998–2007.

N Engl J Med 364: 2016–2025.

CSF IN ACUTE AND CHRONIC INFECTIOUS DISEASES 205

http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0790
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0790
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0795
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0795
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0800
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0800
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0800
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0800
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0805
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0805
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0805
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0805
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0810
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0810
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0810
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0810
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0815
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0815
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0815
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0815
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0815
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0820
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0820
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0820
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0825
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0825
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0825
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0830
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0830
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0830
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0830
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0835
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0835
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0835
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0840
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0840
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0840
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0840
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0845
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0845
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0845
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0845
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0850
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0850
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0850
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0850
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0855
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0855
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0855
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0855
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0860
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0860
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0865
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0865
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0865
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0870
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0870
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0875
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0875
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0875
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0880
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0880
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0880
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0885
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0885
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0885
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0885
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0890
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0890
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0890
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0895
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0895
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0900
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0900
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0900
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0905
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0905
https://doi.org/10.1007/978-3-0348-0425-7_3
https://doi.org/10.1007/978-3-0348-0425-7_3
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0915
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0915
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0915
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0920
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0920
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0920
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0925
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0925
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0925
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0930
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0930
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0930
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0935
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0935
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0935
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0940
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0940
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0940
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0945
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0945
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0945
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0945
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0950
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0950
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0955
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0955
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0955
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0955
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0960
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0960
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0960
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0965
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0965
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0965
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0965
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0970
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0970
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0970


Thompson RA, Green JR (2012). Infectious diseases of the

central nervous system, Springer, Dordrecht.

Tyler KL,Adler D (1983). Twenty-eight years of benign recur-

ring Mollaret meningitis. Arch Neurol 40: 42–43.
UNAIDS (2016). Global AIDS update 2016, UNAIDS,

Geneva.

Unzek S, Salata RA, Armitage KB (2006). West Nile virus

infection causing hypoglycorrhachia in an HIV-infected

man: a case report. Infect Dis Clin Pract 14: 389–391.
van de Beek D, de Gans J, Spanjaard L et al. (2004). Clinical

features and prognostic factors in adults with bacterial

meningitis. N Engl J Med 351: 1849–1859.
van de Beek D, de Gans J, Tunkel A (2006). Community-

acquired bacterial meningitis in adults. N Engl J Med

354: 44–53.
Van Furth A, Roord J (1996). Roles of proinflammatory and

anti-inflammatory cytokines in pathophysiology of bacte-

rial meningitis and effect of adjunctive therapy. Infect

Immun 64: 4883–4890.
Viallon A, Pouzet V, Z�eni F et al. (2000). Rapid differential

diagnosis between bacterial and viral meningitis with

serum procalcitonin assay in adults. Presse Med 29:
584–588.

Viallon A, Desseigne N, Marjollet O et al. (2011). Meningitis

in adult patients with a negative direct cerebrospinal fluid

examination: value of cytochemical markers for differen-

tial diagnosis. Crit Care 15: R136.
Vuong J, Collard J-M, Whaley MJ et al. (2016). Development

of real-time PCR methods for the detection of bacterial

meningitis pathogens without DNA extraction. PLoS

One 11. e0147765.
Walker MD, Zunt JR (2005). Neuroparasitic infections: ces-

todes, trematodes, and protozoans. Semin Neurol 25:
262–277.

Weber JR, Tuomanen EI (2007). Cellular damage in bacterial

meningitis: an interplay of bacterial and host driven toxic-

ity. J Neuroimmunol 184: 45–52.
Weisfelt M, van de Beek D, Spanjaard L et al. (2006). Clinical

features, complications, and outcome in adults with

pneumococcal meningitis: a prospective case series.

Lancet Neurol 5: 123–129.
Westmoreland BF (1987). The EEG in cerebral inflammatory

processes. In: F Niedermeyer, F Lopes Da Silva (Eds.),

Electroencephalography: basic principles, clinical applica-

tion and related fields. Urban and Schwarzenberg,

Baltimore, MD, pp. 259–273.

Whitley RJ, Cobbs CG, Alford CA et al. (1989). Diseases that

mimic herpes simplex encephalitis. Diagnosis, presenta-

tion, and outcome. NIAD Collaborative Antiviral Study

Group. JAMA 262: 234–239.
Wiedbrauk DL, Cunningham W (1996). Stability of herpes

simplex virus DNA in cerebrospinal fluid specimens.

Diagn Mol Pathol 5: 249–252.
Wirguin I, Steiner I, Kidron D et al. (1988). Fulminant sub-

acute sclerosing panencephalitis in association with preg-

nancy. Arch Neurol 45: 1324–1325.
Wirguin I, Vander T, Brenner T et al. (2005). Improvement of

SSPE by intrathecal infusion of alpha-IFN. Neurology 64.
402–author reply 402.

Wommack KE, Nasko DJ, Chopyk J et al. (2015). Counts

and sequences, observations that continue to change our

understanding of viruses in nature. J Microbiol 53:
181–192.

WuHM, Cordeiro SM, Harcourt BH et al. (2013). Accuracy of

real-time PCR, Gram stain and culture for Streptococcus
pneumoniae, Neisseria meningitidis and Haemophilus
influenzae meningitis diagnosis. BMC Infect Dis 13: 26.

Xiao X, Zhang Y, Zhang L et al. (2016). The diagnostic

value of cerebrospinal fluid lactate for post-neurosurgical

bacterial meningitis: a meta-analysis. BMC Infect Dis

16: 483.
Yamamoto LJ, Tedder DG, Ashley R et al. (1991). Herpes

simplex virus type 1 DNA in cerebrospinal fluid of a

patient with Mollaret’s meningitis. N Engl J Med 325:
1082–1085.

Zhang S-Y, Jouanguy E, Ugolini S et al. (2007). TLR3 defi-

ciency in patients with herpes simplex encephalitis.

Science 317: 1522–1527.

206 F. BENNINGER AND I. STEINER

http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0975
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0975
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0980
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0980
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0985
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0985
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0990
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0990
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0990
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0995
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0995
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf0995
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1000
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1000
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1000
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1005
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1005
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1005
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1005
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1010
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1010
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1010
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1010
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1010
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1015
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1015
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1015
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1015
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1020
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1020
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1020
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1020
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1025
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1025
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1025
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1030
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1030
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1030
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1035
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1035
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1035
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1035
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1040
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1040
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1040
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1040
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1040
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1050
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1050
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1050
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1050
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1055
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1055
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1055
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1060
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1060
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1060
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1065
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1065
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1065
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1070
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1070
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1070
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1070
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1075
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1075
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1075
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1075
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1080
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1080
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1080
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1080
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1085
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1085
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1085
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1085
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1090
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1090
http://refhub.elsevier.com/B978-0-12-804279-3.00012-5/rf1090

