
Microbiology 
of the central 

nervous 
system

Anas Abu-Humaidan 
M.D. Ph.D. 
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Infections of the central nervous system (CNS)

• The central nervous system is ordinarily sterile and has no normal microbiota. 

• Bacteria, viruses and other microbes can gain access to the CNS, damage tissue, and 
importantly, induce an immune response that is often detrimental to the host.   

• Classically , the CNS is described as displaying immune privilege, as it shows attenuated 
responses to challenge by alloantigen. 

• However, the CNS does show local inflammation in response to infection. Although 
pathogen access to the brain parenchyma and retina is generally restricted by physiological 
and immunological barriers, certain pathogens may breach these barriers.

• In the CNS, such pathogens may either cause devastating inflammation or benefit from 
immune privilege in the CNS, where they are largely protected from the peripheral immune 
system.



Infections of the central nervous system (CNS)

• Distinct clinical syndromes include; 

o Acute bacterial meningitis, 
o Viral meningitis, 
o Chronic meningitis 
o Encephalitis
o Focal infections









• The immune system is a critical part of a functioning central 
nervous system (CNS), even in the absence of injury. But most 
immune cells are largely relegated to the cerebral spinal fluid (CSF), 
the brain’s meninges, and the epithelium of the choroid plexus. 
When the CNS experiences a major insult, however, immune cells 
join microglia in the parenchyma.

• The brain is rich in resident macrophages, called microglia, which become activated in 
response to tissue damage or infections in the brain. The threshold for their activation, 
however, may be higher than that of macrophages in other tissues.



• Meningitis, an inflammation of the 
meninges and subarachnoid space, is a 
neurologic emergency.

• Early recognition, efficient decision 
making, and rapid institution of 
therapy can be life saving.

• Meningitis commonly has Infectious 
causes (bacterial, viral, fungal and 
parasitic), but can also be non-
infectious (drugs, malignancies, 
autoimmune diseases). 

What is meningitis ? 

Normal Meningitis 



• Bacterial meningitis is an 
acute purulent infection 
within the subarachnoid 
space and is the most 
common form of 
suppurative CNS infection. 

• A few bacterial species are 
often involved in meningitis, 
they vary by age and 
predisposing conditions. 

• Bacterial meningitis mostly 
presents as a fulminant 
illness progressing within 
hours. 

What is bacterial meningitis ? 



• Attachment and colonization of the 
nasopharyngeal epithelium is followed by 
crossing the mucosa and entering the blood.

• The bacteria then crosses the blood brain 
barrier and gain access to the cerebrospinal 
fluid, which is lacking in cellular and humoral 
immunity. 

• The pathogen replicates in the CSF and an 
immune response is initiated against it. 

• The immune response to the pathogen and its 
products (e.g. LPS, PGN) further damages the 
surrounding tissue. 

 

How do bacteria get to the meninges? 



N. meningitidis colonies on 
blood agar plate

N. meningitidis gram stain





How common is bacterial meningitis? 

• Meningitis is rare in general, but incidence varies by region (2-40 per 100,000). For example Sub-Saharan Africa, also 
referred to as the meningitis belt, is known for epidemics of meningococcal meningitis, with incidence rates of 101 
cases per 100,000 population.

• With the introduction of H. influenzae type b conjugate vaccines and pneumococcal conjugate vaccine, the 
incidence of meningitis from these causes decreased significantly. 

• Certain Factors can increase the risk of meningitis (listed above) 



The Hajj pilgrimage is a key factor influencing outbreaks and transmission, and the use of 
vaccines has minimized the effects on the home countries of the pilgrims and has decreased 
global dissemination of disease. Wider use of available polyvalent meningococcal conjugate 
vaccines may provide broader protection against the range of serogroups causing disease or 
posing a threat in the region.

Neisseria meningitidis is consistently reported to be one of the leading causes of bacterial 
meningitis in the Middle East and North Africa (MENA) region.



• Classical features include fever, headache, meningism (neck stiffness, photophobia, positive 
Kernig’s sign and Brudzinski’s sign).

• Cerebral dysfunction (confusion and/ or reduced conscious level) can be present if the brain 
parenchyma is involved in the inflammatory reaction. (meningoencephalitis).

• Seizures can occur in neonatal and adult meningitis patients and varies by the etiological 
agent. 

• Accompanying symptoms is often present, such as petechial rash in meningococcal 
septicaemia. Or rhinorrhoea suggesting basal skull fracture. 

• Increased intracranial pressure secondary to meningitis can have ocular symptoms like optic 

disc swelling (papilledema) and cranial nerve palsies 

How do meningitis patients present?



Kernig’s Sign Brudzinski’s sign

Remember! Neonates may present with non- specific symptoms, e.g. temperature instability, 
listlessness, poor feeding, irritability, vomiting, diarrhoea, jaundice, respiratory distress. 

How do meningitis patients present?



• CSF examination and culture are important.

• There is about 125mL of CSF at any one time, and 
about 500 mL is generated every day. CSF acts as a 
cushion or buffer, providing basic mechanical and 
immunological protection to the brain inside the skull. 

• If possible, three tubes (1 ml each) of CSF should be 
collected for microbiology, chemistry, and cytology.

• Blood should be collected when a spinal tap is 
contraindicated, or bacteremia suspected. 

How to confirm a diagnosis of bacterial meningitis? 





• Prompt empirical antibiotic therapy should 
be initiated before results of the CSF 
examination and culture. 

• Adjunctive therapy with corticosteroids 
(dexamethasone) to lessen the inflammatory 
response is sometimes warranted.

• Reduction of raised intracranial pressure if 
present. 

• Chemoprophylaxis should be given within 
24h to household contacts (any person with 
contact to respiratory or oral secretions)

How to manage suspected bacterial meningitis? 





• Mortality is high even with promt antibiotic therapy, and varies with etiological agent 
(e.g. 5% for N. meningitidis, 20% for S. pneumoniae ) 

• Delay in treatment and comorbid conditions affect survival and sequalea. 

• Decrease level of consciousness on admission, onset of seizures within 24 h of 
admission, signs of increased ICP all increase mortality. 

• Neurological sequelae occur in a substantial amount of patients following bacterial 
meningitis. Most frequently reported sequelae are focal neurological deficits, hearing 
loss, cognitive impairment and epilepsy.

What is the outcome of bacterial meningitis? 



How is viral meningitis different from bacterial meningitis? 

• The term aseptic meningitis encompasses broad differential diagnoses related to 
inflammation of the meninges not due to pyogenic bacteria. Although viral pathogens are 
the most common etiology, many different causes – both infective and non-infective – can 
be responsible for aseptic meningitis. 

• The spectrum of non-infectious causes may include druginduced (e.g. amoxicillin, 
nonsteroidal anti-inflammatory medications or trimethoprimsulfamethoxazole), 
neoplastic, neurosarcoidosis, rheumatoid arthritis, systemic lupus erythematosus, or 
vasculitis (e.g. Kawasaki disease) (during the nonwinter months). 



How is viral meningitis different from bacterial meningitis? 

• Viral meningitis (aseptic meningitis) has similar 
symptoms to bacterial meningitis (headache, 
fever, and signs of meningeal irritation), but 
rarely produces focal neurological defects and 
profound alterations in conciousness. 

• Enteroviruses are the leading cause of viral 
meningitis, e.g. echoviruses, Coxsackie viruses, 
enteroviruses 70 and 71.

• Incidence is not clear but seasonal variations 
are found. (In temperate climates, there is a 
substantial increase in cases during the 
nonwinter months). 



Specific viral presentations 

• Enterovirus— in neonates, fever is accompanied 
by vomiting, anorexia, rash, and upper 
respiratory tract symptoms. In older children and 
adults, symptoms are milder with fever, 
headache, neck stiffness, and photophobia

• Mumps virus— CNS symptoms usually occur 5 
days after the onset of parotitis.

• VZV meningitis is associated with a 
characteristic, diffuse vesicular rash.

• Herpesviruses— HSV- 2 meningitis presents with 
classical symptoms.



https://pubmed.ncbi.nlm.n
ih.gov/11782931/

https://pubmed.ncbi.nlm.nih.gov/11782931/
https://pubmed.ncbi.nlm.nih.gov/11782931/


• CSF examination and viral culture are 
important.

• Serology for enteroviral infections is possible 
by detection of enteroviral IgM antibodies. 

• Amplification o viral-specifc DNA or RNA rom 
CSF using Polymerase chain reaction (PCR) has 
become the single most important method for 
diagnosing CNS viral infections.

How to confirm a diagnosis of viral meningitis? 





• Based upon the history, physical examination, and cerebrospinal fluid (CSF) findings, 
patients can be classified as having probable bacterial meningitis, probable viral 
meningitis, or indeterminant. 

• For patients with suspected bacterial meningitis (eg, WBC count >1000/microL, glucose 
concentration <40 mg/dL [2.2 mmol/L], protein concentration >100 mg/dL), antibiotics 
should be initiated promptly. 

• Patients with probable viral meningitis include those with CSF findings of cell count 
<500/microL, >50 percent CSF lymphocytes, protein concentration less than 80 to 100 
mg/dL, normal glucose concentration, and negative Gram stain. Patients who are elderly, 
immunocompromised, or have received antibiotics prior to presentation should be given 
antibiotics even if viral meningitis is the suspected diagnosis. Otherwise, the clinician can 
consider observing the patient without antibiotic therapy.

How to manage viral meningitis? 



• When it is not clear whether the patient has a viral or bacterial process, the treating 
physician can choose empiric antibiotics after obtaining blood and CSF cultures or 
observation with repeat lumbar puncture (LP) in 6 to 24 hours. The majority of clinicians 
opt for empiric antibiotics until culture results are available in 24 to 48 hours.

•  If the patient is symptomatically improved and culture results are negative, then antibiotics 
can generally be stopped without a repeat LP if the suspicion for bacterial meningitis is 
unlikely. However, repeat LP may be indicated in patients with persistent symptoms who do 
not have a clear diagnosis.

How to manage viral meningitis? 



• Treatment of almost all cases of viral meningitis is primarily symptomatic and includes use 
of analgesics, antipyretics, an antiemetics. Fluid an electrolyte status should be monitored .

•  In adults, the prognosis for full recovery from viral meningitis is excellent. 

• The outcome in infants and neonates (<1 year) is less certain; intellectual impairment, 
learning disabilities, hearing loss, and other lasting sequelae have been reported in some 
studies.

How to manage viral meningitis? 



How to manage viral meningitis? 







How to manage viral meningitis? 



Further reading:

• Oxford handbook of infectious diseases and microbiology-    
Part4: Clinical syndroms
Chapter 19: Neurological infections

• Harrison's Infectious Diseases 3rd Edition 
SECTION III Infections in organ systems
Chapter 36


