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CSF lab examination
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The central nervous system (CNS) is susceptible to a variety of infectious — N
pathogens, including bacteria, viruses, fungi, and parasites. Identifying these PltultaryMidbram IO « Carepalliiii
CNS pathogens through cerebrospinal fluid (CSF) analysis is crucial for W
effective diagnosis and treatment. R Spingloned. ™
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A 85-year-old male presents to the gﬁ\ 4....\5 U'ﬁ:' 2 335.}3\ d\fy.n

emergency department with a sudden onset
of severe headache, fever, photophobia, and

confusion. On physical examination, he has meningitis s oy ey
nuchal rigidity and positive Kernig's sign. A Bacterial infection (e Jau
lumbar puncture is performed, and . e1qe
cerebrospinal fluid (CSF) analysis reveals an Gram negatlve bacilli:
elevated white blood cell count with a E.coli

predominance of neutrophils, elevated Hemophﬂus

protein levels, and decreased glucose levels,
Gram stain of the (SF shows Gram-negative

bacilli, * UL e OsSan AN Gl gall Dl
DJ‘BAAX‘

o pua hadl o agul 4 LDl
Haemophilus J! &

p.aeruginosa

H. influenzae (culture)
Blood agar (satellitism):

® H. influenzae can grow on blood
N \ Staph.A agar in the presence of S. aureus. g

O Haemophilus influenzae type b =

S. aureus produces V factor and
releases X factor by hemolysing §
blood.

Haemophilus colonies will form
small colonies called "satellites”
in the hemolytic zone around

O Streptococcus pneumoniae

O Neisseria meningitidis Staphylococcus colonies.
O b an _)\A o) gaa &Lﬁ
Group B Streptococcus c..
5 2 /] culture Ju Siill

O E. coli



Specimen Collection: Lumbar Puncture
Mia pand (e SSY e o ) penly
CSE Collection ' 2 culture &I s chemistry J!

Preparation ot
P siwgll 5 Jatex agglutination test

The patient is positioned, the puncture site is The CSF is collected in sterile containers for
sterilized, and local anesthetic is administered. analysis and further testing.
1 2 3

Needle Insertion

A thin, hollow needle is carefully inserted

between the vertebrae to access the CSF space.

13X 5 adult J Jaba (e @lisy needle size !



Indications and Contraindications for Lumbar
Puncture

LP b Jary ) sal LP L el g sian Lgial |3 ) 5al
Indications Contraindications
Suspected meningitis or encephalitis . Increased intracranial pressure We do CT to know the reason
for increased ICP
« Evaluation of neurological disorders « Spinal cord compression
« Suspected subarachnoid hemorrhage « Bleeding disorders

Skin infection at the puncture site



Lumbar Puncture Procedure
Procedure and Equipment
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= LumbaPrO::JTrllz:l:r:OR LUMBAR PUNCTURE E u i m e n t
Equipment S HE e | quip |
SN A \ lying s lean forward Jezy 5 ulag | slSsy Wl
11 g i . . . .
diae Patient Positioning  hips J! flexion Jde=: s spine on the side

Lying Position Sitting Position

® Spinal needle

e Lessthan 1 yr:1.5in The patient is typically positioned on their side or sitting upright,
e 1yr to middle childhood: with the back curved to open the spaces between the vertebrae.
. glsc;gr children and risk for injury J) JB) 5 38! CSF J) g Qb+
adults: 3.5in
® Three-way stopcock Sterile Technique
® Manometer The clinician uses sterile gloves, drapes, and a local anesthetic to
® 4 specimen tubes ensure a safe and comfortable procedure.
® Local anesthesia
® Drapes
® Betadine Specialized Equipment

The procedure requires a lumbar puncture needle, manometer, and

Ky <3 G equipment AL Jiamd Le |y i€l sterile containers for collecting the CSF sample.
e calinn Biks L <o needle JI = i ?L‘;
CSF @lie 4 zUay g 5adult J dib



i CSF sample J) <l procedure J) ple JSi
Leie (A aglS (ay sall 5 JAY) (8O 5 Al

one of the i3 CSF sample J) Jul.
very precious samples

Specimen Transportation and Storage

O O

Transport Storage Time Sensitivity

The collected CSF sample should If immediate analysis is not Timely processing of the CSF
be transported to the laboratory possible, the sample should be sampleis crucial, as delays can
as soon as possible in a sealed, refrigerated or frozen to preserve affect the accuracy of the test
leak-proof container. the integrity of the specimen. results.

J=d¥) 5 sampled) wead (e 22 J glay

the quickest and best way < 4l Jaii il aga
test straight away J) Jexs sl



Complications of Lumbar
Puncture

Post-Dural Puncture Headache The most common one

1 Leakage of CSF through the puncture site can cause a severe,

persistent headache.

Bleeding and Infection

2 Rare complicationsinclude bleeding at the puncture site or

introduction of pathogens, leading to infections.

Nerve Damage Rare

3 In rare cases, the needle may inadvertently damage a nerve,

causing temporary or permanent neurological symptomes.

Complication

Headache

Back Pain
Infection
Bleeding

Herniation

Epidermoid Tumor

Joaad) sy | gisal) | 3 La

Description

Caused by persistent CSF leak. Begins 24.48h pest-procedure. Descrined as
3 throbbing headache werse when stznding

Transient, electrical type pain. Typically resolves without intervention

Lozl skin infaction or spinal flvid infection

Spinal hematama may compress spinal cord

Brainstam compression due to pressure changes

Due to epidermaid tissue transplanted inta spinzl canal during procedure

Prevention

1) Usethinner needle

2)  Use atraumatic needle

3) Replace stylet

4) Insert needle with bevel parallel to dural
fibers

Limit number of attempts

Practice aseptic technique

fvoid LP in patients at high risk for bleeding

Avoid in high risk patients

Use a stylet when inserting needle



Microbial Culture and Identification

Culture Media Pathogenic Organisms \

Blood Agar Streptococcus pneumoniae, Neisseria meningitidis
Chocolate Agar Haemophilus influenzae (Fastidious microorganism)
Sabouraud Dextrose Agar Candida species, Cryptococcus neoformans

For fungal infection

Thioglycollate Broth Anaerobic bacteria



: thio broth J § s se (e o3l ) Sa Cilia 5 5iSall (98 ¢Sla

culture Jl s extra 5l ¢l 42iiuis thio broth J i) (& Ll Lo

gl growth J 330 3 aeluy 5 LSl g gl Calise 4gle ety ala broth J) Cus
J u&e Jle anaerobic bacteria J' (5 »S) 5 non specific JSy b Syl
ad Comd )M (g sh (e gpecific DI oS eVl g g8 anlall culture
culture J) ilay (L1 iiad thio JI

Loa g s Sl it Jua sty swap sample ) Lol £ ks
& &5 aball Ja thio broth « W shay ey 5 culture < e )
il

) 8ad g aclu 24 Jincubator Jb st thio J) el s
L culture J'1)) < culture JV (osbo¥) oan e Ul Cuay aliial
lde Jlba g & 1)) OeS thio Jl g ¢l growth Led OIS
s S O Leaclu 24 Ul a ¢l thio J)due bk ¢Y 51 growth
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uarm &a thio 5 culture Jsbh & Jacl La Ul gl (Saa Dla
Lo 2y 5 thio JV sy culture o alele &3S Dia (ysa Ca

Osed growth <udl e b 54clu 48 J culture J &S 53

Ju 4cls 24 LS yiy 5 thio Ju W) subculture Jdee) 5 5
CilS L S g 0S5 growth b 1)) @ sl 5 thio

Mad allay e 53l ) positive alks clia 5 saiil 4nili ) gal Lay
negative 0sS 5 growth 8



svaginal sample J! s thio broth lellesis Le &V 4 oDla
CSF sample d! 5 sputum sample J!

¢ad b

OS5, e OIS pla JSEy 2 (a5 4l sputum sample J) ealally
we should cough it up directly from the lung into Jsb & s sterile
cough Jam G yall salally o alass ;a5 Cuaa Lled 31 S s the cup
J s o 5S alEal) () 568 spit it out Wax s oral cavity JV 4l e up
Osed thio ) e e ) 7o) sba% microorganism (kle oral cavity
1)) s L =Wl & <o organisms J) ow OV ) JSEY growth Jeass
OsSiculture ¢ s Gmd¥) 0y sed oY o) odsa e AlSEl aldle U1 L )
gt e A 4l microorganisms J growth Jee! L sl specific

¥ s sputum Jl g L)) s Sle el s Gk

J8 Epithelial cells J! 525 (w58 adda )5 whes J) 23e asdy
O Y g o nledla e e g culture s sdle Gsa 10 o
oral cavity J) i« sl

OsSL CSF Jldne Y thio llleay Lo guia jn CSF JI 4l Ll
Ju a3 S UGS thio JV s highly oxygenated

A1 als el Joa o) Ll g3l a8lia¥Wl audia 03€ ie o gnaerobic
manifestation e OsSs 23S () 5¢8 [ e (e CSF de

Lo s sl ol b )i A gl dasal g 50 alh
e on CSF Jldue ¢ jlie oy 30 & thio J) zliag
4cls 48 Jblood or chocolate or macconkeyd! e
negative results ,i=3 growth 8 L 1)) e



/' Gram-positive

S. pneumoniae  /Diplococei

V4 a—hemqutic N —_— JS 1 64 i aga
/ optochin pos1t1ve\ﬁ 5 9S3a L iy
= pneumococcal pneumonia \ailad g
= acute or chronic pneumococcal sinusitis or otitis media f‘““?‘ﬂ"‘w ‘
= Alcoholism e s
= diabetes sia g J<I
= Splenectomy

Hypogammaglobulinemia
= complement deficiency
= head trauma with basilar skull fracture and CSF rhinorrhea.




We also see rash in Rocky

. vGram negative
Mountain spotted fever

: , , , . /diplococcus with a
» Petechial or purpuric skin lesions are important clue “kidney” shape

for the N. meningitis. facing each other
s [t 1s fulminant, progressing to death within hours.
= Initiated by nasopharyngeal colonization

» Individuals with deficiencies of any of the complement
components, are highly susceptible.

= Oral sex 1s dangerous risk for this disease.

VTt grows better in
chocolate agar




/ Gram positive
StaphyIOCOCcuS aureus -. / Blood Agar | Beta haemolysis

. . . / Mannitol salt | It is a selective medium |
Imp()rtant causc Of menlngltls that | Agar (MSA) | for S. aureus produces
| yellow colored colonies
due to fermentation of

follows 1nvasive neurosurgical procedures,

mannitol

particularly shunting procedures for /Coagulase positive

Gram Positive Bacteria
——

hydrocephalus or after intrathecal J) s mannitol fermentation Jl » ¥

s Sal glie coagulase positive
chemotherapy. Ly n W sl mannitol W S, A sl




Gram-negative meningitis can complicate
neurosurgical procedures, particularly

craniotomy.
sl 3Ll G 53 L)

Group B streptococcus
1n neonates
in individuals > 50 years of age..

Streptococcus agalactiae
v Gram positive
./ Cocci in chains
/"B hemolytic

L. monocytogenes
in infants (1st month of age), pregnant wo

individuals > 60 years of age.

/ Gram positive
/Cocci bacilli




Gram-negative

sblood agar J e i E coli J) Jis
macconkey agar J 5 chocolate J!
selective for gram negative _iz3

e E coli and klebsilla J) o (380 WS

Non-lactose . Lactose

fermenting I? ti

. = 5 Mac JI G ceenier “coonies

. colonies
NCSSEL S Ry FOZ R acC & co

PINK

Escherichia coli Klebsiella pneumoniae

on Mac Conkey agar plate on Mac Conkey agar plate

More pink-ish More yellow-ish
Dry Wet



H. influenzae




Latex Agglutination Tests for Meningitis

- s It 1s a guide for the empirical ttt then it can be
Men | ngltlS confirmed by either a culture or pcr

1 Rapid Detection 2 Broad Spectrum
Latex agglutination tests can quickly These tests can detect a variety of
identify the presence of bacterial antigens meningitis-causing pathogens, including
antigens in CSF, enabling prompt including Streptococcus pneumoniae,
diagnosis of meningitis. Neisseria meningitidis,
and Haemophilus influenzae.
+ E coli and group B
streptococcus

3 Cost-Effective

Latex agglutination tests are relatively inexpensive, making them accessible for laboratories with

limited resources.



Streptococcus group B, Haemophilus influenzae type

b, Streptococcus pneumoniae (pneumococcus), Neisseria
meningitidis (meningococcus) groups A, B, C, Y or W135
and Escherichia coli K1



Limitations and Challenges of New CSF
Tests

Sample Collection

1 Proper collection and handling of CSF samples is crucial, as contamination or delays can

compromise test results.

Interpretation

2 Interpreting CSF test results requires specialized expertise, as various factors can influence

the interpretation of findings.

Cost Considerations

3 Advanced CSF testing methods, such as multiplex panels and ELISA kits, may be more

expensive, limiting accessibility in certain healthcare settings.



: CSF analysis J) ¢& Ol aal e cal g lla ) gisall

Al oyl A sy s normal J g Js¥L Sai

Physical Chemical Presence of Microscopic
microorganism ﬁndings
ks clear 055 e 5Y 45-15 Ge 0sSe 30 O sl There must not (Calll i)
turbidity (8 b
= . c an e In Adults: 0 -5 cells/cumm
M‘ ‘5.1‘}{ LAJM‘ UA CSF 1% d\ dS.u:\ mICI‘O}(I)I'ganlsm * In Neonates: 0 - 30 cells/cumm \\N;’BCS
blOOd d\ o infiltrate B CSF d\ No RBC’s should be present in normal CSF

80-40 = glucose J!

absent »Y bilirubin J!

120- 100 (s chloride J)



: abnormal J) £

45 Oe e 13 sl
40 = B8 glucose J

Bacterial Viral

low 0sS HsSsladl normal S slall
elevated LS 058 G5 0l slightly elevated Cx s xl
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Cerebrospinal Fluid (CSF) Analysis (rins Aadia 2

1 Cell Count

Evaluating the number and type of cells in the
CSF can provide clues about the underlying

infection.

3 Glucose Level

A decrease in CSF glucose compared to blood
glucose can suggest certain types of CNS

infections.

Protein Level

Elevated protein levels in the CSF may
indicate inflammation or an infectious

process.

Gram Stain and Culture

Direct visualization of microorganisms and
growth in culture media can identify the

specific pathogen.



Interpreting CSF Test Results

Normal > 60 <30
Viral 2-2000 <50 > 60 30-80

(80) Slhgh:b('i Normal Slightly elevated

cicvaltc
Bacterial 5-5000 >60 . <45 >60
Highly S :

(800) clovated Increased  Decreased Highly elevated
TB and 5-2000 <50 <45 >60
fungal (100)
N neonate 0-32 (8) <60 > 60 20-170

(90)



Meningitis Panels and their Capabilities

Multiplex Approach

Meningitis panels utilize
multiplex assays to
simultaneously detect and
identify multiple pathogens

in a single CSF sample.

Improved Accuracy Expanded Coverage
These panels combine various Meningitis panels can detect a
testing methods, such as a broader range of infectious
. . : . 7 > HSV
real-time PCR and agents, including viruses and ,
Enterovirus
immunoassays, to provide gfungi, in addition to bacteria.
more accurate and cryptococcus

comprehensive results.



Every Minute Counts When it Comes to Meningitis.

24-48 hrs

Time to diagnosis is critical. Bacterial meningitis can be fatal in

healthy people in 24 to 48 hours.2 The right treatment depends on
quick identification of the pathogen as bacterial, viral, or yeast.

BioFire ME Panel testing

14 pathogens in one comprehensive test

| — 1

One patient - .
sample Traditional testing
O,
g > i
CSF Gram stain
examination (Minutes)
(Minutes)

count

Patients with suspected meningitis are treated empirically pending

diagnostic results.># This can mean lengthy hospitalizations and
unnecessary antimicrobial use, all of which add to the overall cost
of care.

898 Y,

e

Takes about an hour for test results

T T T
o + -
> O_ > s )
India ink stain Rapid latex Traditional
(Minutes) agglutination test targeted PCR
(Minutes) (Hours)

e Blal Al A
J) 4an) g sl
meningitis panel
Ay o A 5 Ll
s Ul 53 Lale
dal g siida V) 392 54

[
— >
CSF culture Send-out for
(Days) test results

T (Days)



Future Directions in CSF Testing

1 Biomarker Discovery

Ongoing research aims to identify novel biomarkers in CSF that can aid in the early

detection and monitoring of neurodegenerative diseases.
Not infection

2 Personalized Medicine

Advancements in CSF testing will enable more personalized treatment approaches,

tailored to an individual's unique disease profile.

3 Point-of-Care Testing .aysative organism J) <@ el s test J) slae | H28) &y puill e

The development of portable, rapid CSF testing devices could improve access to timely
diagnosis and management of neurological conditions.
U gl La g aSiad ¢y 68} el
e pSiled mlla (a



