MENINGITIS
POSSIBLE PATHOGENS:

(A) Bacteria:

1. S. pneumoniae.
2. S. aureus.

3. S. agalactiae (group B(
4. L. monocytogenes
5. B. anthracis.

6. N. meningitidis.

7. H. influenzae type (b)
8. E. coli
9. Ps. Aeruginosa
10.  Proteus species.
11.  Salmonella species.
12.  Flavobacterium meningosepticum 
13.  Myco. TB
14.  T. pallidum
15.  Leptospira interrogans
16.  Bacteroides and other anaerobes
(B) VIRUSES:

1. Poliovirus (rare)
2. Echo and coxsackiae viruses.

(C) FUNGI:
1. Cryptococcus neoformans.
(D) PARASITES:

1. Trypanosoma species. 
2. Naegleria fowleri. 
3. Acanthamoeba.
4.  Angiostrongylus (rare). 
5. Dirofilaria.

DIFINITION:

Inflammation of the meninges that cover the brain and spinal cord. Pathogens reach the meninges from the blood stream or spreading from nearby sites, e.g.: middle ear and nasal sinuses.

GROUPING:

1. Pyogenic (purulent), when CSF contains mainly polymorpho-nuclear neutrophils (pus cells).This is caused by N. meningitidis, 
    H. influenzae, S. pneumoniae, and amoebic meningo-    

    encephalitis.

2. Lymphocytic; CSF contains mainly lymphocytes, e.g.: meningitis caused by viruses, M. TB, Cryptococcus, 
     trypanosomiasis. and neurosyphilis.

3. Eosinophilic; CSF contains mainly eosinophils. It is caused by helminth, e.g. Angiostrongylus, and Dirofilaria.
4.  Neonatal meningitis; caused by E.coli, S. agalactiae, S. aureus, L. monocytogenes, and Flavobacterium. 
5. Haemophilus meningitis; in infants and young children. 
6. Epidemic meningitis; caused by group A & C of N. meningitidis, and by S. pneumoniae.

COLLECTION OF CSF:

Collected by lumbar puncture, from the arachnoid space between the 4th & 5th lumbar vertebrae using a sterile wide-bore needle. Ventricular puncture may be performed to collect CSF from infants. Collect CSF in two bijou bottles: one for culture (1ml.) and the other (2-3 ml.) for other CSF investigations.

To send CSF for culture far from the hospital, you may:

1. Inoculate specimen on chocolate agar and incubate in a candle jar at 37°C, then seal jar and send to laboratory within 2½ hrs.

2. Transfer CSF in bijou bottle containing sodium fluoride oxalate. This is needed to preserve cells, glucose and protein
          for examination later. CSF specimen may be processed within 
          2½ hours.
SPECIMEN APPEARANCE:

Report and describe the following:
1. Clear, slightly cloudy, cloudy, and purulent (PUS). If CSF is cloudy or purulent, make gram stain and report your result immediately.

2. Presence of blood: if it is traumatic blood, 1st sample contains more blood. If it is haemorrhagic. CSF will appear (after centrifugation) yellow red (xanthochromic). The patient may have 
subarachnoid haemorrhage or he is jaundiced.

3. Presence of clots: indicates increase in fibrinogen due to spinal constriction and pyogenic meningitis.

4. Tuberculous CSF shows spider web clot (skin on surface) when left for several hours.

5. Normal CSF: clear, bright, colourless.
CELL COUNT:
Using a pasteur pipette, transfer 3 drops of CSF to a small, dry tube, and mix with 3 drops of toluidine blue diluting fluid, to give 1:2 dilution of CSF. Toluidine fluid is preferred because:

a. It stains WBC blue, and will not lyse RBC.


b. Helps in identification of C. neoformans and motile   

         trypanosomes.

     Methylene blue may be used if toluidine is not available.

Use a ruled counting chamber to count the number of white cells (total lymphocytes and polymorphs). Normal CSF contains 5x106 cells/litre.

BIOCHEMICAL TESTING:
1. Glucose estimation: must be done within 20 min. of collection of CSF, to avoid false low result. This is done by any of the following:

a. Colorimeter.

b. Benedict's reagent.

c. Automated analysers.

Normal CSF glucose = 2.5 - 4.0 m. mol / L (45-72 mg/dl).

2. Total protein estimation and screening test for raised globulin. This is done manually or by a colorimeter. Pandy's test is used for screening raised globulin.

Normal CSF protein = 0.15 - 4.0 mg/dl. 
CUL TURE OF CSF:

Culture as soon as possible. If there is delay, store CSF at 35 - 37°C. If it is clear or slightly cloudy, centrifuge for 20 min. and inoculate deposit.

Routine media: Chocolate agar (CO2) and Thayer-Martin (CO2) and incubate for 48 hours.

Additional media:

· Mc Conkey agar + B.A. for newborns and infants.

· L.J. medium if TB is suspected. The specimen is first decontaminated by NaOH before inoculation.

· Sabouraud agar, if C. neoformans is suspected.

MICROSCOPIAL EXAMINATION:

It should be done after culture to avoid contamination. It is needed when CSF contains many cells, protein, etc.
1. Routine: Gram stain looking for gram negative intracellular diplococci, gram positive diplococci, gram negative rods, gram positive cocci in clusters, gram positive cocci in chains and yeast cells.

2. Additional microscopy:
a. Z.N stain: centrifuge and smear deposit.

b. India Ink to detect Cryptococcus capsules.

c. Acridine orange stain and look for bacteria by the fluorescence microscope.

d. Auramine staining, and look for Myco. TB by the fluorescence microscope.

e. Wet preparation to detect amoebae and trypanosomes.

f. Giemsa stain to detect Morula (mott) cells that indicate invasion of CNS by trypanosomes. Also Giemsa can help to detect Burkett's lymphoma cells. This is best done in a cytology laboratory.

REPORT & READING OF PLATES:

· Chocolate agar: Look for colonies of N. meningitidis, S. pneumoniae, H. influenzae.

· Mc Conkey agar & B.A.: Look for colonies of E.coli, S. agalactiae (group B), L. monocytogenes, S. aureus.

· L.J. medium: Look for Myco. growth.

· Sabouraud's agar: Look for growth of C. neoformans.

IDENTIFICATION OF ORGANISMS:

Follow the standard microscopical, biochemical, serological, and other methods applied routinely for identification of organisms causing meningitis.

SEROLOGICAL DIAGNOSIS OF MENINGITIS: 
1- Slide agglutination by latex particles.

2. Counter current-immunoelectrophoresis.
3. Slide agglutination.

This is performed to diagnose: N. meningitidis, H. influenzae, and S. pneumoniae. The sensitivity of serology is shown below:
	Method
	N. meningitidis
	H. influenzae
	S. pneumoniae

	Microscopy (gram)
	80%
	78.8%
	81.7%

	Culture
	81.2%
	65.5%
	77.7%

	Latex agglutination
	71.2%
	86.7%
	80.6%

	Slide agglutination

	60%
	87%
	84%


C-REACTIVE PROTEIN TESTING:

Serum CRP estimation is more practical than CSF.

CRP estimation:   @ High serum CRP: In bacterial and tuberculous    

                                    meningitis.       
                               @ Normal serum CRP or slightly raised: in viral            

                                   meningitis and meningoencephalitis.

BIOCHEMICAL TESTING OF N. meningitidis: 
1- Oxidase Test, positive
2. Sugar oxidation: acid from glucose and maltose.

SEROTYPING OF N. meningitidis:

Important to identify the sero-group of the organism, to apply the specific vaccine for prophylaxis. Identification of N. meningitidis by polyvalent and monovalent anti-sera from the culture plate, is not recommended, due to cross reactions with E.coli
