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CNS: Selected infections
Introduction
-

-

-
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Infections enter the CNS in one of 4 ways:
o Hematogenous
o Direct implantation (e.g. trauma)
o Local extension (e.g. sinuses and mastoid process)
o Peripheral nervous system (PNS) transport (e.g. rabies, Herpes zoster)
All CNS infections present with fever and headache. Distinct clinical syndromes include:
o Meningitis: hours to days with decreased alertness
o Encephalitis: hours to days with neurologic deficits
o Abscess: 10-14 days with focal neurologic loss due to mass formation
Meningitis and encephalitis are differentiated clinically by the presence of meningismus
(meningitis) or its absence (encephalitis)
o Inflamed meninges are painful so that meningismus can be elicited by stretching
the membranes.
 Nuchal rigidity: flexion of the neck
 Brudzinski sign: flexion of neck causes spontaneous flexion of hips
 Kernig sign: painful extension of the knee when the hip is flexed at 90°
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Bacterial meningitis
-

-

“Meningitis” describes an infection of the arachnoid mater and the subarachnoid
cerebrospinal fluid surrounding the brain and in the ventricles. It arises through a poorly
understood interplay of bacterial virulence and host immunity
Epidemiology:
o There are age-critical differences in bacterial etiology:
Age
Neonate (<1 month)
Infant (1-3 months)
Child (<18 years)
Adult (18-50 years)
٠Adult > 50 years
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Bacteria
E. coli
Group B strep (GBS)
L. monocytogenes
Neonate & child
S. pneumonia
N. meningitis
H. influenza
S. pneumonia (50%)
N. meningitis (37%)
S. pneumonia
N. meningitis
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٠Alcoholic

-
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L. monocytogenes
Gram (-) bacteria

o Patient history can give clues to the likely organism:
 Crowded conditions: meningococcus
 Immunosuppression: Cryptococcus neoformans, L. monocytogenes
 Splenectomy: encapsulated organism (meningococcus, pneumococcus, H.
influenza)
 Enteroviruses (most common cause in children) have involvement of
other systems (e.g. skin exanthems, enteritis, pericarditis, pleuritis, etc.)
 Vaccine effects:
• 1990: H. influenza vaccine (Hib) is made universal. Infection now
suggests missed vaccination or immunosuppression
• 2000 / 2010 : 7-valent and 13-valent pneumococcal vaccines have
decreased invasive pneumococcal infections in children and
adults.
Pathophysiology:
o The major pathogens (N. meningitidis, P. pneumonia, H. influenza, Group B
streptococcus (GBS), E. coli) all go through 4 steps to infection of the CSF:
1. Colonization: this requires adhesion to the mucosal surface (uually
fimbriae or pili), evasion of IgA (usually IgA protease) and invasion
through the epithelial cells.
2. Invasion of bloodstream: is a combination of environment and host
factors. The former include such things as recent viral infection, smoking
and alcohol. The latter include host immune factors such as asplenia (e.g.
sickle cell disease), complement deficiency (e.g. neisseria) and
immunosuppression.
3. Surviving in the blood stream: the capsule is the major defence against
opsonization leading to phagocytosis.
4. Invasion of the meninges: bacterial surface proteins adhere to specific
endothelial receptors, most commonly in the choroid plexus. Bacterial
passage into the CSF can be transcellular or paracellular.
o Once in the CSF, bacterial proliferation is exponential as there is much less
immune protection. For example, there is 1/1000th the level of immunoglobulins
and complement in CSF compared to serum.
o Bacterial products (Pathogen Associated Molecular Patterns or PAMPs) lead to
an inflammatory response and cytokine release.
 The cytokines are important mediators of damage. For example,
pneumococcus is very immunogenic and meningitis patients have
increased survival with suppression of the immune response by treating
patients with corticosteroids.
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o Inflammation leads to impairment of the BBB, with vasogenic edema, loss of
autoregulation and raised intracranial pressure (ICP).
o Pathologically, this leads to focal ischemia, cytotoxicity and neuronal apoptosis.
o Clinically, this manifests as loss of neurologic functions, seizures, mental changes
and coma.
Presentation:
o Symptoms: patients present with at least 2 of the following 4 symptoms:
 Headache
 Fever
 Stiff neck
 Mental changes
o Physical exam:
 Meningismus is the key finding (see nuchal rigidity, Kernig sign and
Brudzinski sign, above).
 N. meningococcus presents with petechiae or palpable purpura from
meningococcemia in 10-20% of cases.
o Testing
 CSF is the cornerstone of diagnosis
• Opening pressure is elevated in bacterial meningitis.
Pathology
Bacteria
Virus
Tuberculosis
Guillain-Barre
Multiple sclerosis

Glucose
↓
Normal
↓
Normal
Normal

Protein
↑
↑
↑
↑
Normal

Cells
Neutrophils
Lymphocytes
Mostly lymphocytes
None
None (monoclonal bands)

Gram stain and culture
• N. meningitis: Gram (-) diplococcus
• S. pneumonia: Gram (+) diplococcus with capsule
• H. influenza: small pleomorphic Gram (-) coccobacilli
• L. monocytogenes: Gram (+) rods and coccobacilli
• E. coli: Gram (-) rod
 Nucleic acid amplification testing (NAAT) is performed on CSF for N.
meningitis and P. pneumonia.
Natural history
o Prognosis: meningitis is uniformly fatal without antibiotics. Prognosis is age
dependent (5-10% mortality in young adults, 20-25% mortality in the elderly)
o Complications:
 Neurologic complications are seen in about 25% of cases
o Treatment:


-
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Bacterial meningitis is a medical emergency but it is difficult to
differentiate from viral meningitis on clinical grounds. Delays in
treatment of more than 4 hours are associated with increased mortality.
 Empiric antibiotics (intravenous administration) and dexamethasone
• In the US, N. meningitis and P. pneumonia account for 85-90% of
infections and so a 3rd generation cephalosporin (i.e. ceftriaxone)
is used.
• In patients >50 years old, ampicillin is added for L. monocytogenes
 Specific antibiotic treatments can be given with culture and sensitivity
results
Other types of meningitis
o Viral meningitis (aka septic meningitis)
 Presentation is similar to bacterial meningitis
 90% are caused by enteroviruses (especially Coxsackie A & B and
echovirus)
 Diagnosis is established by CSF and etiology by PCR testing for nuclei
antigens.
 Natural history is benign self-limited and patients can be monitored as
out-patients.
o Tuberculous meningitis:
 Typical signs and symptoms of meningitis, but a subacute time frame (i.e.
> 1 week)
 Pathologically, the inflammation is predominantly in the basal meninges.
This may involve cranial nerve VI, the longest nerve along the base.
Patients will have diplopia and lack lateral eye movement on the affected
side.
 CSF will have ↓glucose, ↑protein and a mixed, mostly lymphocytic
inflammation.


-

Brain abscess
-
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Pathophysiology:
o Abscess formation (i.e. central necrosis with surrounding acute inflammation)
o May arise from local extension (e.g. sinuses or mastoid process) or
hematogenous spread.
o Risk factors:
 Bacterial endocarditis (septic embolus)
 Shunts:
• Heart: right to left such as a congenital defect
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Lungs: hereditary hemorrhagic telangiectasia (Weber-Rendu-Osler
disease)
Immunosuppression (e.g. mucormycosis in diabetes mellitus)
•

-

-
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Presentation:
o Headache, fever (<50%) and localizing neurologic signs due to mass effect
 There may be raised ICP
o Testing:
 MRI: ring-enhancing lesion after more than 2 weeks
Treatment: drainage and antibiotics
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Ring-enhancing lesions
In both CT and MRI, masses that have central necrosis with surrounding edema have a
characteristic pattern in which the abnormal area shows a dark center with brightening of
the surrounding edema with a vascular enhancing compound like gadolinium in MRI
scans. Common causes include aggressive neoplasms like glioblastoma and metastases as
well as abscesses, which includes toxoplasmosis.

In this MRI with gadolinium, there is a larger frontal lobe mass with shift acros the midline
and compression fo the right ventricle. The central dark area is necrosis and the bright rim
is edema. The rim is brighter with gadolinium, hence the term “enhancing”. This mass is a
metastasis from a bladder cancer.
From: Tsugu A, Yoshiyama M, Matsumae M - Brain metastasis from large cell neuroendocrine
carcinoma of the urinary bladder. Surgical neurology international (2011). Creative Commons

Viral encephalitis
-

7

Introduction
o Viral infections of the CNS can cause viral meningitis (aka aseptic meningitis) or
viral encephalitis.
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Both types of infections present with headache and fever. Patients with
meningitis may be distracted by the headache or be somnolent, but their
mental function is normal
 Encephalitis has changes in mental function. These may be hard
neurologic findings such as motor or sensory deficits or softer findings
like behavioral changes.
o Viral encephalitis includes 2 different pathologic pictures:
 1° infection: viral particles can be found in neurons.
 Post-infectious encephalitis: No virus can be identified in tissue and
neurons are spared. There is perivascular inflammation and
demyelination. It is considered to be an auto-immune process.
o Viral pathogens
 Herpes simplex virus Type 1 serves as the model disease. It is common,
has 70% fatality without treatment and is treatable with acyclovir (see
below).
 West Nile virus is the commonest proven cause of viral encephalitis. It
can present as a flaccid paralysis
 Arboviruses are spread by arthropods and tend to be geographic. Eastern
equine encephalitis, St Louis encephalitis and West Nile virus are all
spread by mosquitos. Several viruses are spread by ticks.
 Rabies is spread by animal bite and is associated with hydrophobia.


Herpes simplex virus Type 1 encephalitis
-

-

8

Epidemiology:
o HSV I encephalitis is the most common sporadic viral encephalitis
o It has 2 age peaks: <20 years old and >50 years old
Pathophysiology:
o There are 2 key unanswered questions:
 Why is there a high carriage of HSV in cranial nerve ganglia (85-90% in CN
V), but a low incidence of encephalitis?
 Why does the disease occur in the frontotemporal lobes?
o Encephalitis is thought to occur in 3 possible ways:
1. Extension of 1° infection
2. Reinfection of HSV 1, but of a different serotype
3. Reactivation of a latent infection with spread from the ganglia
o Frontotemporal infection is thought to arise from extension via the olfactory
nerve or the trigeminal nerve.
 The adjacent tissues to these nerves are the temporal lobe and cingulate
gyrus as well as the hippocampus, amygdaloid nucleus and insula.
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o Pathology:
 Injury is due to both viral cytotoxicity
Cowdry body
and damage from the immune
response
 Brain shows a hemorrhagic-necrotic
pattern with viral inclusions (Cowdry
bodies)
Presentation:
o Symptoms: a flu-like illness that develops fever, headache and neurologic
changes over hours to days.
 Klüver-Bucy syndrome: amongst the myriad neurologic abnormalities
associated with HSV encephalitis is this syndrome which is characterized
by uncontrolled appetite and a desire to put things in the mouth,
hypersexuality, memory loss and visual agnosia. It is due to temporal lobe
damage.
o Physical exam:
 Nonspecific neurologic deficits
o Testing:
 CSF:
Pathology
Glucose Protein Cells
Bacteria
↓
↑
Neutrophils
Virus
Normal
↑
Lymphocytes
Tuberculosis
↓
↑
Mostly lymphocytes
Guillain-Barre
Normal
↑
None
Multiple sclerosis Normal
Normal None (monoclonal bands)
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Imaging:
• Bilateral temporal lobe involvement as well as cingulate gyrus and
insula
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Natural history:
o Prognosis:
 70% mortality without treatment; 30% mortality with acyclovir
 50% of patients with have neurologic sequelae
o Treatment:
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Acyclovir: “time is neurons”. Drug should be given as soon as possible
after CSF results show a viral pattern.
Acyclovir mechanism of action

Acyclovir is a guanosine analogue. Guanosine is the nucleoside of guanine, that is, the
purine has ribose attached (nucleotides also have the PO4-2 group attached). After
uptake in an infected neuron, a phosphate group is added by the viral thymidine kinase.
Two more phosphates are added by cellular kinases. The resulting guanosine
triphosphate has high affinity for the viral polymerase but acts as a chain terminator as
there is no hydroxyl group for attachment of other nucleosides.
Acyclovir has high specificity for HSV because the first phosphorylation requires the viral
kinase and the drug has high affinity for the viral polymerase compared to the human
polymerase. Acyclovir also active against other herpes group viruses Varicella-Zoster and
Epstein-Barr virus. It is not active against CMV as this virus does not encode thymidine
kinase.

11
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CNS infections in AIDS
-

-
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Introduction:
o The evaluation of the HIV-infected patient who presents with mental changes is
a common problem. Some may represent life-threatening emergencies.
o Patients present with headache, personality changes, neurologic deficits and
fever with acute infection.
o The most important factor in the differential diagnosis is the CD4 count (i.e. the
degree of immunosuppression
 CD4 count > 500 /μL (≡ immunocompetent): neoplasm (1° and 2°)
 CD4 count 200-500 /μL (moderate suppression): HIV associated
disorders, but do not have focal lesions
 CD4 count (200 /μL) (severe): opportunistic and reactivation infections
and AIDS-associated tumors
o The outcome of the infections rests on restoring immune competence with
HAART (highly active anti-retroviral therapy).
Pathophysiology:
o Toxoplasma encephalitis:
 Reactivation from prior infection
 Imaging: multiple ring-enhancing lesion, preferentially in thalamus and
basal ganglia
 Diagnosis: confirmation requires PCR for toxoplasma on CSF
 Treatment (+ anti-retroviral therapy):
• Acute infection: sulfadiazine (inhibits folate synthesis) and
pyrimethamine (inhibits dihydrofolate reductase). These are the
same mechanisms of action as trimethoprim / sulfamethoxazole.
• Maintenance prophylaxis: same in lower doses
o Primary central nervous system lymphoma
 Strongly related to Epstein-Barr virus (EBV) infection
 Imaging: may be solitary or multiple but tend to involve deep white
matter and can be large (i.e. >4 cm).
 Diagnosis: confirmation by biopsy
 Treatment (+ anti-retroviral therapy):
• Systemic chemotherapy with good CNS penetration (e.g.
methotrexate)
 Prognosis: most patients die within 1 year.
o Progressive multifocal leukoencephalopathy (PML)
 Reactivation of the JC virus (a subtype of papovavirus) that occurs with
severe immunosuppression
 Causes demyelination of neurons, especially in the periventricular regions
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Imaging: discrete areas of demyelination, beginning in the subcortical
frontal regions.
 Diagnosis: confirmed with PCR for JCV in CSF.
 Treatment (+ anti-retroviral therapy):
• None of proven benefit
 Prognosis: 90% mortality within 1 year
o HIV encephalopathy:
 Represents a “compartmentalization” of the HIV infection in which the
infection progresses independent of the infection in the rest of the body.
 Occurs when the HIV transfers from T-lymphocytes to intracerebral
macrophages.
 Injury appears to be due more to immune response than direct infection
of cells.
 Presentation is part of the HIV-neurocognitive disorders with dementia
and motor symptoms
 Imaging shows cerebral atrophy with areas with diffuse white matter
hyperintensity, perhaps related to HIV infection.
 Diagnosis: clinical findings and imaging
 Treatment: anti-retroviral therapy
 Prognosis: highly variable
o Cytomegalovirus encephalitis
 Reactivation of underlying infection seen with CD4 counts <50 /μL, with
hematogenous spread to the brain.
 Presentation is more acute with delirium and confusion.
 Imaging: meningoencephalitis with diffuse micronodules. It is most useful
in excluding other causes.
 Diagnosis: CMV DNA in the CSF
 Treatment (+ anti-retroviral therapy):
• Ganciclovir (guanosine analogue, blocks viral DNA polymerasesee acyclovir, above) and foscamet (inhibits viral DNA
polymerase).
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Disease
Toxoplasma

Pathology
Abscess forming

PCNSL1

DLBCL2, EBV related

PML3

Reactivation JC virus, demyelination

Diagnosis
٠Image: multiple ring-enhancing
lesions
٠CSF: PCR for DNA
Image: solid mass, in deep white
matter
Image: non-enhancing white
matter lesions
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HIV
dementia
CMV4

CNS “compartmental” infection, HIV in
macrophages, immune related injury
Reactivation, hematogenous spread to
brain, infection of neurons
Cryptococcus Meningoencephalitis, hematogenous
spread from lungs

٠Image: cerebral atrophy.
٠Clinical diagnosis
٠Image: rule out mass
٠CSF: CMV DNA
CSF: antigen (+), Gram stain,
culture

1 Primary CNS lymphoma, 2. Diffuse large B-cell lymphoma, 3. Progressive multifocal
leukoencephalopathy, 4. Cytomegalovirus

14
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Images in HIV infection with CNS lesions

HIV dementia

Cortical atrophy with hyperintense
signals in white matter. They tend
to be symmetric and bilateral.
Note dilated ventricles.

Progressive multifocal leukoencephalopathy

Multiple discrete areas of demyelination,
beginning in the subcortical frontal regions.

15

Primary CNS lymphoma

Mass lesion, solitary or multiple.
May be >4 cm. Usually arise in
deep white matter.

Toxoplasma encephalopathy
Multiple ring-enhancing lesions, preferentially

involving thalamus and basal ganglia.
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CNS: Selected infections
Do You Know It?
1. Compare and contrast the symptoms of meningitis, encephalitis and brain abscess.

2. Name 3 maneuvers to elicit meningismus.

3. What are the most likely bacteria causing meningitis in each age group?

Age
Neonate (<1 month)
Infant (1-3 months)
Child (<18 years)
Adult (18-50 years)
٠Adult > 50 years

Bacteria

٠Alcoholic

4. Describe the CSF findings for each diagnostic group.

Pathology
Bacteria
Virus
Tuberculosis
Guillain-Barre
Multiple sclerosis

Glucose

Protein

Cells

5. What is the empiric treatment for an adult with clinical and CSF findings of bacterial
meningitis?

6. What is a ring-enhancing lesion on imaging?

16

© 2020, ClinicoPath LLC. All rights reserved.

www.MedicalSchoolCompanion.org
7. A 56 year old woman presents with a 3 day history of a flu-like illness with headache and fever.
On examination she is disoriented. Spinal tap shows:

Glucose
Normal

Protein
↑

Cells

Lymphocytes

What is the next best step in management?

8. The correct answer for Question 7 is to give acyclovir. Note that HSV is a deadly infection and a
medical emergency (“time is neurons”).
o What is the mechanism of action of acyclovir?

9. A 34 year old HIV-positive male presents to his physician’s office with a 1-2 week history of
headache and confusion. He is known to be poorly compliant in taking his anti-viral medications.
For each image, give the likely diagnosis, describe the pathology and treatment.

a.

c.
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b.

d.
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