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Bacterial Meningitis Part 2 

There are certain guidelines that are used in order to make diagnosis and treatment of 

acute bacterial meningitis. These guidelines are known as the ESCMID Guidelines. 
(ESCMID= European Society for Clinical Microbiology and Infectious Diseases) 

The format of those guidelines is found in the form of key questions followed by 

recommendations.  

Please try to understand the following guidelines and focus on the important points only. The first 3 pages are 

mainly a recap for the previous lecture. 

Key Question 1. What are the causative microorganisms of community-acquired 

bacterial meningitis in specific groups? (neonates, children, adults, and 

immunocompromised patients)? 

The causative agent varies by the age of the patient. For example: 

a) Most common causative pathogens in neonatal meningitis are Streptococcus 
Agalactiae (GBS) and Escherichia coli. Both of those pathogens can be found 
within the vaginal canal and are acquired by the neonate during birth. If the 
mother was known to bear either of those pathogens in her vaginal canal, 
antibiotic therapy before birth can be started. 

b) Most common causative pathogens in children beyond the neonatal age and 
adults are Neisseria meningitidis and Streptococcus pneumoniae. Both can be 
found as colonizers of healthy individuals, from which they can spread to the 
blood and cross the BBB into the CSF and start an infection. 

c) Another important causative microorganism in adults is Listeria monocytogenes 
as it can be found in immunocompromised patients and the elderly (above 60 YO) 

Remember that Hemophilus Influenzae type B has been historically an important cause 

of meningitis. But with the advent of the vaccination programs, the incidence of 

Hemophilus influenzae type B meningitis has decreased.  

Key Question 2. What are the clinical characteristics of community-acquired bacterial 

meningitis, and what is their diagnostic accuracy? 

We can see the classical triad of fever, headache, and neck stiffness in both children and 

adults. Other meningeal signs such as Brudzinski’s and Kernig’s signs are expected to be 

positive (not always). However, there are no clinical signs of bacterial meningitis present 

in all patients. 

Altered mental status and confusion indicate the involvement of the brain parenchyma 

(encephalitis). 
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Remember that in neonates, symptoms are nonspecific and not obvious. (continuous 

crying, inability to sleep, poor feeding) 

Diagnostic accuracy of laboratory techniques in bacterial meningitis 

One of the important laboratory techniques in diagnosing bacterial meningitis is lumbar 

puncture and examining the CSF. Classic characteristics of bacterial meningitis CSF 

sample include: 

 1) elevated protein levels 

 2) lowered glucose levels 

 3) CSF pleocytosis (mostly neutrophils) 

However, in neonatal meningitis, the leukocyte count, glucose, and protein levels can be 

within normal range or slightly elevated. 

Keep in mind that 60-90% of CSF cultures of bacterial meningitis are positive. Treatment 

reduces the yield of positive CSF cultures. 

If a patient presents with a negative CSF culture and negative CSF gram stain, viral 

pathogens may be suspected and use PCR in order to identify the pathogen. 

Blood cultures can also be used to isolate the causative organism since the pathogen 

enters the blood before traveling to the meninges. 

Lumbar puncture can be delayed for suspected increase in intracranial pressure due to 

the risk of brain herniation. For example, if we find focal neurologic deficits, seizures, 

severe alteration in the mental status, or if the patient is severely 

immunocompromised, lumbar puncture is delayed. Otherwise, if none of these red flags 

are suspected, lumbar puncture can be performed, and antibiotic therapy should be 

started before the results of the lumbar puncture. (within a period that does not exceed 

1 hour). 

Empiric antibiotic treatment in neonates involves cefotaxime and ampicillin. 

In older age groups, cefotaxime and ceftriaxone can be used. (refer to previous lecture) 

Any delay in antibiotic treatment is associated with poor outcome. 

Key question 3. Do corticosteroids (e.g. dexamethasone) have a beneficial 

effect on death or consequences following bacterial meningitis? 
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Corticosteroids significantly reduced hearing loss or other neurologic 

sequelae. However, no change in mortality has been observed. 

(adjunctive dexamethasone treatment is recommended up to a few hours 

after the initiation of antibiotic treatment) 

Key Question 4. Does the use of prophylactic treatment of household contacts 

decrease carriage or secondary cases? 

Anyone who encountered the salivary or respiratory droplet of a meningitis patient 

should be prophylactically treated in order to prevent secondary cases and eradicate 

meningococcal carriage. 

Due to the risk of recurrence of meningitis, vaccination with pneumococcal vaccine after 

an episode of pneumococcal meningitis is beneficial to avoid the recurrence.  

Key Question 5. What complications can happen following bacterial meningitis? 

Usually, Neurologic and systemic complications can occur. MRI and CT scans are 

indicated in those patients. Repeated lumbar puncture and EEG may be indicated as 

well. Because bacterial meningitis complicated by hydrocephalus, subdural empyema, 

and brain abscess may require neurosurgical intervention. 

Key Question 6. What follow-up of community-acquired bacterial meningitis patients 

should be provided? 

Follow-up should involve testing for hearing loss. Because if it is detected early, cochlear 

implantation can be provided. 

END OF RECAP 

Chronic meningitis & Subacute meningitis 

Acute meningitis, as we have previously defined it, is a neurological emergency that 

takes place within hours. 

On the other hand, chronic meningitis is a neurologic syndrome that exists for more 

than 4 weeks and is associated with a persistent inflammatory response in the CSF. 

Subacute meningitis develops over days to a few weeks. 
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The symptoms of chronic 

meningitis are quite similar to 

symptoms of acute meningitis.  

Headache, neck stiffness, and a 

change if personality (due to 

brain parenchyma involvement). 

Fever may be absent (in contrast 

to acute meningitis which has 

fever). 

In contrast to acute meningitis, 

signs of increased intracranial 

pressure are common in chronic 

meningitis because the process 

has been going on for a longer 

period. 

And, as shown in the adjacent 

table, some of the cranial nerves 

can be affected in the form of facial weakness, double vision, diminished vision, and 

hearing loss. 

CSF flows in the subarachnoid space. Any disturbance to its flow can cause 

accumulation of the CSF which leads to an increase in intracranial pressure. And it can 

affect any of the cranial nerves.  That can manifest as ptosis and an abduction deficit in 

the right eye of the patient or bilateral papilloedema.  

 

 

 

 

 

 

 

( A ) Ptosis and 

an abduction 

deficit in the 

right eye of the 

patient.  

( B) Bilateral 

papilloedema  
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The following chart shows the reasons for the increase in intracranial pressure in 

meningitis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

The subarachnoid space (SAS) is invaded by a meningeal pathogen. The pathogen will 

multiply within the CSF (especially since the CSF is low in immunoglobulins, complement 

proteins, WBCs, etc.) And after a while the pathogen will be lysed by immune cells or 

antibiotics. This will cause the release of bacterial cell wall components (e.g. LPS, 

peptidoglycans).  

These cell wall components will be detected by special pattern recognition receptors, 

and an inflammatory response will ensue. Production of inflammatory cytokines will 

increase the permeability of the BBB, increase adhesion of leukocytes to cerebral 

capillary endothelial cells, alternate the cerebral blood flow, and release reactive oxygen 

species and nitrogen species.  

The result will be edema and obstruction of the subarachnoid space. As well as 

destruction of cells leading to cytotoxic edema. Which all eventually lead to an increase 

in intracranial pressure. 
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We can also have weakness and numbness in the arms and legs or urinary 

retention or incontinence due to radiculopathies, where the nerve roots are 

inflamed as they traverse the subarachnoid space (as they leave the spinal cord). 

What are the common infectious causes of chronic meningitis?  

As we said before, we have some infectious and non-infectious causes. As for 

the infectious causes, which we will discuss, we have some bacterial causes such 

as mycobacterium tuberculosis and spirochetes. We have some viruses such as 

Enteroviruses, herpes simplex virus, HIV, and we also have some fungi. And in 

the case of chronic meningitis. The history and the epidemiology are of great 

importance because they give us an important clue about the pathogen that we 

are dealing with. 

 

The table above: some common bacterial causes, we have Mycobacterium 

tuberculosis, Borrelia burgdorferi which causes Lyme disease and 

Treponema Palladium which causes syphilis. Now, if we examine the CSF 

for this patient who came with the meningitis symptoms, along with some 

focal neurological symptoms, if we look at the CSF, unlike what we see in 

acute bacterial meningitis (Polymorphonuclear cells), we will see 

mononuclear cells except early up in the infection where we can see 

polymorphonuclear cells like neutrophils, while in most cases we will 

encounter mononuclear cells because as the infection progresses, adaptive 

immunity will  be handling the problem and that's why in the CSF, we will 

find mononuclear cells like lymphocytes.  

Now, other than the CSF, which can give us some very important clues on 

the pathogen we're dealing with, risk factors and epidemiology give some 

important clues. So, for example, if we have an immunosuppressed or AIDS 
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patients or if there is an exposure history to someone with tuberculosis, 

then we should suspect mycobacterium tuberculosis. On the other hand, if 

we have a history of going on hikes, for example, or a history of a tick bite, 

or if the common rash called erythema migrans which happens with Lyme 

disease is present or if there's arthritis, we should suspect Lyme disease 

that caused by Borrelia burgdorferi.  

 If we have a history of untreated STDs, then we should suspect syphilis.  

According to the pathogen that we suspect, we can order the tests we have, 

so, we can ask for a tuberculin skin test and for an acid-fast bacilli culture if 

we suspect Mycobacterium tuberculosis. 

 We can look at antibody titers in the case of Lyme disease, we look for 

antibodies against Borrelia in the CSF. And in the case of syphilis, we can do 

the Venereal Disease Laboratory Test. Or we can do some more, which are 

a bit unspecific like looking for anti-cardiolipin antibodies within the CSF, or 

we can go for more specific tests that look for antigens of Treponema 

pallidum in order to confirm the infection with Treponema pallidum. 

 

 YOU should remember that partially treated bacterial meningitis can 

present as chronic meningitis. So, if there is a history that is consistent with 

acute bacterial meningitis and the patient has been given some antibiotics, 

but those antibiotics did not manage to clear the infection, or if the patient 

himself has been self-medicating, then we can expect partially treated 

suppurative meningitis, and that can be the cause of the chronic meningitis 

that we are dealing with, and of course, we will do CSF culture and other 

tests.  
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Image above: If we do an acid-fast stain, and then we find this acid-fast 

bacillus as well with antibodies against it and we see some fluorescence 

then we should suspect Mycobacterium tuberculosis. And because 

mycobacterium tuberculosis has a destructive course and sometimes the 

diagnostic tests can take a long time, then we can start treating based on 

clinical suspicion. And as the case with all the other pathogens that we will 

discuss today with chronic meningitis, you usually go back to the guidelines 

on how you treat that pathogen, and you follow them. So, in the case of TB, 

they recommend four drugs at the start for two months which are Rifampin, 

Isoniazid, pyrazinamide and ethambutol (RIPE). Then you follow with 

isoniazid and rifampin for around six to seven months and sometimes 

similarly to what you do in acute meningitis there is a place for 

dexamethasone. 

 

We also have Some fungal causes of chronic meningitis, and we will 

mention only two of them, Cryptococcus neoformans and Coccidioides 

Immitis.  

You should remember that in chronic meningitis, we would always face 

those mononuclear cells, but with fungal infections, we should always 

suspect some sort of immunosuppression. 

So, in certain cases, we might not find an elevated count of mononuclear 

cells in the CSF, Why? Because the patient is already immunosuppressed, 

for example, in the case of AIDS lymphocyte count is low. So, we do not see 

many lymphocytes within the CSF. 

And to diagnose this, if we have suspicion of those kinds of fungi, we should 

always do a wet mount of the CSF and look for budding yeast. And 

again, as we said always, the risk factors are of great importance, AIDS and 
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immune suppression, pigeon exposure (for example, those Cryptococcus 

neoformans are found in the excretions of pigeons).  

We also have some helminthic and protozoal causes and even viral causes, 

especially if we have a recurrent type of chronic meningitis so the symptoms 

can disappear for a while and then come back and then disappear, then we 

should suspect that it is herpes simplex virus and most commonly it is dealt 

with herpes simplex virus type two. Again, mumps can cause acute or 

chronic viral meningitis. 

Toxoplasma gondii, which is a common pathogen in HIV patients, is also a 

common protozoan cause of chronic meningitis.  

 

Cysticercosis which is an infection with cysts of Taenia Solium which can be 

found within the uncooked meat or pork. The cysts are found within the 

feces of infected patients and will not be contracted from the undercooked 

meats, and in the case of helminths we can expect to find some 

polymorphonuclear cells such as eosinophils because they are very 

important against Helminths. 

 

 How do we approach the patients with chronic meningitis?  

we know that we have a patient with some meningeal symptoms of chronic 

headache, maybe some increase in intracranial pressure -some cranial 

neuropathies (cranial nerves will be compressed)- Or we can have some 

parenchymal symptoms, such as cognitive decline. All of this, along with 

some clues from the history, should always prompt us to think of chronic 

meningitis. And when we think of meningitis, then we should consider 
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lumbar puncture to examine the CSF and look for meningeal inflammation. 

But we should note that if there is a chance of raised intracranial pressure, 

which we said is quite common in chronic meningitis, then a CT scan or an 

MRI or brain imaging study in general should be performed before the 

lumbar puncture, because if the increased intracranial pressure is due to a 

mass lesion, then our lumbar puncture will risk in herniation of the brain. 

 

Once we confirm chronic meningitis by examining the CSF, and presence of 

those symptoms for more than four months, we look at the CSF, we see 

there is an increase in mononuclear cells. Then this is time to identify the 

cause. History that we take from the patient is quite important to know 

what sort of tests we should order, so, for example, if there is a history of 

tick bites then we should consider looking for antibodies to Borrelia within 

the CSF, and we can do some serological testing, and PCR to find DNA 

sequences of Borrelia.  

If there is a history in an AIDS patient who got in contact with pigeon 

excretions, then we should suspect the Fungai cryptococcus neoformans, 

and accordingly, we can do wet mount and look for the Fungai. If there is a 

history of sexually transmitted disease or syphilis, we can do VDRL test. So, 

depending on the history, this will guide us in what sort of tests we will 

further ask to identify that pathogen. Now, other than CSF tests, we can ask 

for other tests that give us an idea about the underlying illness. So, for 

example. Tuberculin skin test, and chest radiograph Might Guide us in the 

way of tuberculosis or tuberculous meningitis.  

After we identify the causative agent with a proper history and 

a proper test, we can start therapy against the specific causative 

agent. But in certain places, because of the destructive nature of 

chronic meningitis on the central nervous system, sometimes 

they can start empiric therapy and that is most geared toward 

Mycobacterium tuberculosis. So, even without confirming 

Mycobacterium tuberculosis, you can directly start with 

empiric therapy with anti-Mycobacterium agents. As well as in 

some cases of fungal infections, you can start also empirically 

with amphotericin, and in non-infectious inflammatory 

meningitis you can give dexamethasone to lessen the 

inflammation and thereby lessen the damage to the CNS. 
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Good Luck 

 

 

 

 

 

 

 

 

 


