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Microbiology lab

GO sl s Sl OIS (gl o sl oSl |l des 5 aSile D)
» The first thing that we going to discuss is CNS specimens:

*There are many specimens that can be taken from the central nervous system; cerebrospinal
fluid (CSF), brain abscess aspirates or tissue biopsy samples. However, CSF is by far the
most important, easily obtained sample by lumbar puncture.

the most important and easily obtained sample is the CSF.

saa 5 JS (w CNSJ! (= a2 53 brain abscess aspirates & brain biopsyd ¢ e samples 4 bk
brain abscessd! s Ll 43l =l 5 brain abscess aspiratesd! 3tis ¢s ) «pathologyd) e 2aixi; agie
z b padius gl Capai g culture Jesd Jstss Gl aspiration Jazic

* The role of brain biopsy in the diagnosis of encephalitis has declined since the advent of
PCR testing in CSF. However, it still has a place for patients in whom diagnosis has not been
obtained following extensive investigation, particularly if there are focal abnormalities on
imaging (tumors).

6 e Jed (3 ks Ledlasina) &3+ very invasive ) craws Lealadiin) J8 ¢S aadiins <ilS prain biopsyd!
& il S diagnosisd! Jua st 43) 2cls 3 5 PCR testing for CSFJ

- If we discovered some findings like a suspected tumor or suspected Parkinson’s
disease on CT or MRI and after extensive investigation we cannot reach to any
diagnosis, the final solution is to do a brain biopsy.

« Serum samples can be obtained to help detect the cause of CNS infection.
It’s not from the CNS but it can help us diagnose CNS infections

serumd s st aall LA | 5 juas g aall Gl S Jeady coentrifugedh pdll | ghss g an jall (e o0 de | g
&5 0sS clotting factors, antibodies, plasmad) e s sy A

» Serum/blood samples:

A serum serology sample can help in the diagnosis of certain CNS invading
microorganisms:

serum serology sampled) s» CNS infectiond) gassis Baclu 23V Sy serumd) oo Lage S
Serology means that we are looking in this serum sample for antibodies, examples:

o Mumps-specific IgM or IgG antibody titers from sera specimens.
o Serologic testing for measles-specific IgM or IgG titers
o Herpes simplex and Varicella-zoster (VZ) antibodies
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o Neurosyphilis (VDRL/RPR in serum, detection of antibodies by fluorescent
treponemal antibody absorption (FTA-ABS) test)

* Blood culture can help aid the diagnosis, since some bacteria may circulate the blood
during CNS infection (bacteremia). A blood culture can support the result of CSF culture.

For example, Neisseria meningitidis can cause CNS infection (meningitis) and at the same
time it circulates the blood and cause meningococcemia (bacteremia)

g8 G sim i blood culture Ue 85 Neisseria meningitidis Wé <3 CSF culture Le & S
Jl 2 meningitisd! dmsall Ly 88 43 5 masaa Luaddi 4l 5 8 Qb Wilaay 2 Neisseria meningitidis
Neisseria meningitidis

» CSF sampling
How do we obtain it?
* Lumbar puncture

1. Clean the puncture site with antiseptic solution and alcohol before needle insertion to
prevent introduction of infection.

2. Insert a needle at the L3-L4, L4-L5, or L5-S1 interspace (depending of the anatomy of the
person we want to take the sample from him).

3. When the subarachnoid space is reached, the spinal fluid will appear in the needle hub.

After inserting the needle, it will reach the subarachnoid space and then the CSF will drain
into tubes

(Y le¥) &) 3-4 tubes 2 sie lumbar puncture 2 s Wl sale
4. Slowly drain the CSF into the sterile leakproof tubes.

5. Three tubes are generally required for microbiology, hematology, and chemistry testing.

6. The first tube drawn will generally go to microbiology, and the last tube drawn will
generally go to hematology.

Ui Microbiology testd! z s tube Jsl in cnme testd & 555 tube JS 430 dumy s i i
Aladly 43Y e ) ST () S tube Js43Y hematology or chemistry testd!

s e bloodd) J i trauma Jeas 39 A1l (Sae 43Y chematology testingd! 5.z 2 ¥ tube Al
exact J) 4 Ju tube_a) s traumad) oe cesl 15558 ald RBCsJls tubes 555 J sk traumad)
false high count of RBCs Le iy Lé amount of RBCs in the CSF for us to count

055 Ll 3led hematologyd! ¥ s microbiologyd! sy 435S (s 4asi 53 (3 5 L chemistry tubed)
Al

* Contraindications of lumbar puncture:

o Possible raised intracranial pressure (ICP) with risk for cerebral herniation

|
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w5 and larall I ol i 3l Wl Uil 5 adi e braingd) aie Jaxaall (IS o 43) <l jualaadly ali€a
cerebral | sue s Skulld) slaily | s=ixi, brain & brainstemd! 4 ol (Sacd 358 5 8 S Lzl
brain & brainstemd! damage * J+<: herniationd la 5 herniation

So, we need to role out raised intracranial pressure or to know that the patient has increased
intracranial pressure:

- bulging fontanelle is the most common sign in children when they have increased
intracranial pressure

- In adults: 1- testing optic disc and see if the patient has papilledema or not

2- to role out any mass effect (if there is a tumor or hemorrhage
increases the pressure on the brain) on CT or MRI (CT is faster than
MRI in emergency)

o Thrombocytopenia or other bleeding diathesis, including ongoing anticoagulant
therapy
Because it can cause continuous bleeding into the spinal canal or in the outside
o Suspected spinal epidural abscess

* LP is a relatively safe procedure, but minor and major complications can occur

Post-LP headache

Infection size lSall IS e 1)

Bleeding if there was thrombocytopenia

Cerebral herniation if there was increased intracranial pressure

Minor neurologic symptoms such as radicular pain or numbness if the entry of the
needle was wrong, it may reach the nerves and cause radicular pain or numbness
o Back pain

O O O O O

spinal tapd) Js= back pain Jex3 (Sas
After we obtain the CSF samples, we have 2 types of examinations:
» CSF macroscopic examination
833l (el CSFJ) o sia clgans) (10
 Normal CSF appearance is clear and colorless <!l s34
* Macroscopic examination after LP:
0 Color (bloody due to hemorrhage or traumatic tap)
hemorrhage or traumatic tap 2 43! Jx sla bloody oS 134 «clear o5 2 Y colord) 43 LS

o Clarity (turbidity is nonspecific but indicates the presence of an underlying
pathology or purulent bacterial meningitis)

|
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0 Viscosity (thick in severe purulent or cryptococcal meningitis)

severe purulent or sxic patientd! 43 (s @& Jila sl aliaa thick oS 136 ¢ all (55 ¢S a3 WsSa
cryptococcal meningitis

0 Presence of clots (elevated proteins due to TB meningitis)
TB meningitisd) ol el (e <l s ol g8 )) 5 cclOts s i g jull gl )

02l 5 Linh (il aexty (368 W eLed Wi e el uiils tests s ol el

» CSF sample analysis (microscopic examination)
As we said before, there are 3 tubes:
* Chemistry tube:
0 To measure glucose and protein
0 Electrophoresis (to detect 1gG band in multiple sclerosis)

electrophoresis of the J) s 4 tests deel L3 cinfectionsd! L e chemistry tubed) s
diagnosis of multiple sclerosisdb bacluy (Ses CSF

* Hematology tube is for cell count and differential (RBCs, WBCs, etc)
&V RBCs, WBCs Lic oS o =i s cell countd! : sSyill
lymphocytes, neutrophils, eosinophils ¢ WBCsd! a2 & WBCs & 13 <= (lie differentialJl s

L
= CSF Analysis

pr.\- 83 L Bl Findings of Cerebrospinal Fluid Analysis: Normal versus Infection

CLINICAL LEUKOCYTES/ % GLUCOSE PROTEIN ADDesraxice
SITUATION MM? POLYMORPHONUCLEARS (% OF BLOOD) (MG/D) i
Children and

adults

Nomal 0-5 0 =60 <30 Clear
Viral infection 2-2000 <50 mainly lymphocytes 260 30-80 Clear
Pyogenic bacterial 5-5000 260 mainly neutrophils <45° >60 Chds
infection .
Tuberculosis and  5-2000 <50 mainly lymphocytes <45 >60 Cloudy
mycoses '
Neonates

Normal (term) 0-32 <60 260 20-170 (90)

Normal (preterm) 0-29 <60 260 65-150 (115)

*Usually very low.
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CSF analysisd) 4seal yiSi agii (lic allina 5 s o meningitisd! s palaes Ji (e J saall Laal
polymorphnuclear cells or 's5\S ¢ sw WBCsJ L hematologyd) <chemistry & hematologydJu
DS lall 5 i 5 Il Legr chemistryd s lymphocytes

A celevated LiS 1S5S slll s (i 5l 5 elevated (& mainly lymphocytes) | s5S WBCsJ! St Lua
viral infection 43 3las Jda

5 e normally bsl Sz celevated i WBCsJ! <ilS 131 Shacterial infectiond! Jdall g5 cwla
L JiS) ey U 5 chacterial infection 43l Jda daes S (550 ally ST ) 5000 Ll 136 WBCs

e o i gl + (25> 5« WBCs S) o4 neutrophilsd) oS5 ) elevated neutrophils e & o5
(Uaddia oS bliea J8l 5l €0 HISIAE L8 T S oanlall) HIS (midie §Sslall

turbid (cloudy) ¢ s<: appearanced) <— microscopic observation J) siSi le sy ) suza
* Microbiology tube:

sl s Ly i 58 0 a2 g oLl le 3 (Mlicrosoft labdl CSF sampled! leleas yiie ¢dlid i< 3
saill e gl s fungi culturesd) s ol ¥ 22 s CSF culture for bacteria J) s 25 «clelu 22 5

* Direct wet mount preparation (detects the presence of Candida(yeast), Amoeba
(which can be motile) and/or Cryptococcus species)

light microscoped! < examination Llleeic s slided! ¢ Ldasia «CSFJ) dbe 23 gia
 Gram stain (gram positive or negative, Cocci or bacilli).

antibioticd) Az L s<A cempirical treatmentdb Lad sla s gram (<) or (+) L) —aas Liag
full resultsd) alks Lo aad i g &y 5 eall

* Acid fast stains (for detection of Mycobacterium tuberculosis).

* India ink stain (to detect the presence of Cryptococcus neoformans)
-From 2-4, they need 5-10 minutes for the results to be obtained.

* CSF culture and sensitivity for bacteria and fungi.

* CSF culture for viruses.

* CSF Serological tests

* Rapid antigen detection tests

* Molecular diagnosis (CSF PCR testing; to detect DNA/RNA)

-the last 5 methods may take longer time, we will talk about them in the next pages

» CSF Culture and sensitivity:

CSF culture can be done to detect viruses, bacteria, mycobacteria (gram + bacteria) and even
fungus.
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* CSF viral, bacterial (including mycobacterial) and fungal cultures remain the main stay in
the diagnosis of infectious meningitis.

* Culture on routine media such as blood, chocolate and MacConkey agars.

* Culture on specific media such as Thayer-Martin agar, Lowenstein-Jensen medium for TB,
SDA medium for fungal causes.

lLee L id TB meningitis sdie (g jall 431 S oLl Lie IS 43) Allsy B very specific mediad) pasiuwic
neisseria meningitidis 4ie (i el 43l S JS& (SLE 6V <L J mediumd! & Y TBJ media e
& «Thayer-Martin agar e e

« Sensitivity tests done to identify the appropriate antimicrobial therapy and need up to 72
hours for results to be obtained.

== empirical treatment (aa [ 5iSale 25 s Al meningitisd! 43 Ladl 5 el VY 23 g L) il
S el sall sensitive <uls Ll 13) < gdia s most common bacteria that can cause meningitisd!
Al ¥ any o s el sall i G le glg (e yall e adlin 43) 3 5k (g liphac|
» CSF bacterial culture requires up to 72 hours for final identification.
» CSF fungal culture needs up to 14 days for proper final identification.

* A recent study reported that CSF mycobacterial culture had a sensitivity of 22% and a
specificity of 100% in diagnosis of tuberculosis meningitis.

mycobacteria

23 55 Ly ,iSll + WYY G positive results el il Jwial Sixg sensitive cie L) 44kl (gla S5
sl Jygha

» CSF for viral culture:

culture e saiis Lo il s yuill 435 cviral culture Jes 52 @Y (5l Gie 43 o8 1 Led jai  3Y Dl &
Lile LAY gla a5 lie 5 el 5 ) culturesd! dial (& caa s canli dile LA aba a8 e (i

LE CO2J) ¢panslV) (5 sise Janiai o 3V saly s Lgd S (a5 il j0dy
saill Jy sl < 5 a3 gy g il e ¢ il 36

* The virus for which culture remains most uniquely useful is HSV. Cell culture is also
sometimes applied to the detection of CMV, VZV and the enteroviruses. It can also be
used to detect measles, rubella, and mumps viruses. However, due to the long time and
low sensitivity, CSF viral culture is often unable to provide the timely diagnosis required
for optimum patient management and the rapid tests (PCR) are gradually replacing viral
culture.

* Because no one cell culture type can support the growth of all medically relevant
viruses, virology laboratories must maintain several different cell culture types. The

|
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minimum requirements are a primary monkey kidney cell line, a human fibroblast line
and a continuous human epithelial cell line such as HEp-2.

How to detect the presence of the virus in cell culture?

e s e LSS ety ccytopathic effects pepenic 41301 (sl effects dexs L1810 saiy W g d S
Sl lie ¢ Ol (g pdll aa o 43 o iy effectd) <o sl Wl <light microscoped! st crxa JSG L)
B ya odic aa lady g testd) dla Jeats <l yiaall JS e

» Growth of viruses in cell culture is usually detected by visualizing morphological
changes in the cells, known as cytopathic effect (CPE). The characteristics of the CPE are
often sufficiently distinctive to allow the laboratory to be suspicious of which virus is
responsible.

* Viral cultures usually take a long time to grow. The time required to detect CPE varies
from 1- 2 days after inoculation for herpes simplex virus (HSV) to 1-3 weeks for CMV.
Enteroviruses are the easiest viruses to culture with 75% sensitivity and changes appear

between 3 to 8 days.

all A-Y a3 enterovirusesd <methodd) sl very effective s cla Glic (e sl a s (e 020 HSVU)
dlle WS Jie agiad sensitivityd) o

» Newer culture methods have been developed that detect viruses faster than ordinary
culture methods such as shell vial culture.

» CSF serology
that we detect antibodies of the IgM or 1gG type of certain organism <— serumdl g lasl s
CSFJL st immunoglobulinsd) &34 )asia grganismsd) JS (e

*Definitive serological diagnosis of CNS infections is established by detecting [gM
antibodies or demonstrating at least a fourfold increase in neutralizing antibody titers
between acute- and convalescent-phase CSF.

In general, due to delay in antibody response after symptom onset, a negative antibody
test cannot be used to rule out infections and retesting may be required.

antibodies s infectionsd) i pll ¥ axy allsi (San Jimy «CSFJL W seda < 5 Caliss antibodies]
infection s Le 43 oliza (jie 3l negative 4agill aalla g test Llae 5l cp saul 22y allaty

In most circumstances nucleic acid amplification tests have surpassed antibody-based
detection as the test of choice.

«(CSF viral cultured! ¢s0) dexiiue Lua S Gie Il methodsd) Al s 425 CSF serologyd!
Oral & jla IS sla enucleic acid amiplification/ rapid tests (molecular diagnosis & PCR)J!
test of choice for most of the organismsJ 4 < bas more specifics & i
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*These assays still have a valuable role in:
method of diagnosisd! -2 s CSFJL U antibodiesd! b s 431 e age Alial ¥ <3 ~

o CSF IgM is the most widely used test for West Nile virus (WNV) infections;
antibody may appear as early as 3 days and persist for up to 3 months.

70 2SN WNVJ Gl el ane jedai oo pasidll el cliie ¢ el YO CSFUL 32 52 5« antibodiesd) duais
CSFJL 4iasi IgMJ) 8

o Tests used for screening and diagnosis of neurosyphilis. Neurosyphilis can be
confirmed by a positive CSF venereal disease research laboratory (VDRL) test.

& positive allay (See 43¥ cserumdb + CSFJL :oillss (VDRL) testd) 4leat 333 neurosyphilisd)
YJ

o Detection of antibodies to varicella zoster virus (VZV) IgG in CSF
uzadl g &yl 456 35k 8 el lie VZV A delis sdic jla paddll L 1gGJ) oo Sate lal 8
» Rapid antigen detection
organismdl e 52 5x sal antigensd! Laadu testd) s Wi antibodiesd! | 51S Jad aavie Liga I testsd!

» Among the antigen assays for CNS infections, Cryptococcal antigen is the most widely
used. The test relies on detection of Cryptococcus capsular polysaccharide antigens in CSF.

* Detection of galactomannan (GM) antigen and (1,3)-p-D-glucan (BDG) in CSF can aid in
the diagnosis of CNS aspergillosis or other invasive fungal infections

» For acute bacterial meningitis, a rapid antigen assay is available to detect Hemophilus
influenza, pneumococcal and meningococcal capsular antigens.

» Molecular diagnosis of CNS infections

* Because of higher sensitivity and specificity, nucleic acid in vitro amplification based
molecular techniques are now widely used.

* Molecular methods have dramatically improved the ability to diagnose CNS infections in a
reasonable and effective time frame.

This method currently is becoming the method of choice of detecting most of the causes of
CNS infections

* Divided into 2 types:

o Monoplexassays.
o Multiplexassays.

|
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* Monoplex Assays:
Mono = it detects a single organism.

just to detect <— monoplex Jaxic Uald (HSV encephalitis sxic (ray yall ala 43l € oliidl le o} Jiay
HSV encephalitis & meningitisJu 4a\A test of choiced) & ba methodd) sta S5« HSV

o One of the first molecular assays used successfully for CNS infection diagnosis was
for detection of HSV in cerebrospinal fluid (CSF). PCR quickly became the test of
choice when studies demonstrated that CSF PCR was equivalent to culture of brain
tissue for diagnosis of HSV encephalitis and meningitis.

» Multiplex assays:
Multi = it searches for more than one causative agent

Sl s Lllad Ly Sl <l sa) el (ga SISV Ol s LSl (g ) V2T test Jend aie s g Kitdl (n
()5 Kite pam ae fungi (s s Sl g 5 L Sl Gl e g Ledlal il g padl

Jg 3al (lie monoplex ! sisS: 8 tests Jexi L Jx bacterial meningitis saie (aduill 4l (SLa )
G g A gie clia g gy ae Adle 30 multiplex des (Il L aiS

o Several multiplex PCR assays have been developed to identify bacterial pathogens in
CSF targeting the most common causes of meningitis: S. pneumoniae, N. meningitis,
H. influenzae, L. monocytogenes, S. agalactiae, S. aureus, E. coli, and M.
pneumoniae.

o Another multiplex PCR can simultaneously detect eight bacterial and viral pathogens
In CSF including N. meningitis, S. pneumoniae, E. coli, S. aureus, L. monocytogenes,
S. agalactiae, HSV-1/2, and VZV.

o The BioFire FilmArray Meningitis/Encephalitis panel is currently the only FDA
cleared multiplex assay for the detection of six bacterial, seven viral (cytomegalovirus,
enterovirus, HSV-1, HSV-2, human herpesvirus 6 (HHV-6), human parechovirus and
VZV), and single fungal (Cryptococcus neoformans) target in CSF.

» Major CNS pathogens (they majorly cause meningitis)

* Group B Streptococcus * Streptococcus pneumonia
* Neisseria meningitidis * Hemophilus influenza
* Listeria monocytogenes * Staphylococcus aureus

» Gram negative rods (enterobacteriaceae; E. coli, Klebsiella spp., etc....)
» Mycobacterium tuberculosis ¢ Fungal pathogens

|
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» Group B Streptococcus or S. agalactiae

* S. agalactiae causes meningitis and septicemia among newborns. Neonates become infected
during delivery through maternal genital tracts colonized by GBS.

» Characteristics:

Gram positive cocci in chains.
Catalase negative
Gray-white colonies on blood agar.

o O O O

Produce a narrow zone of beta hemolysis on blood agar. Sometimes we must remove

the colony aside to see the beta hemolytic zone below it.

Bacitracin resistant
o CAMP test positive

(@)

= S. agalactiae gram stain:

- =
P~ R i
) Y

Streptococcus sp., Gram stain. (Credit: CDC, PHIL.)

- Types of hemolysis on blood agar (revision)

B-hemolysis

a-hemolysis

y-hemolysis

Gram positive cocci
in chains

= [-hemolysis = complete
hemolysis (<sles o) )

= a-hemolysis = green colour

= y-hemolysis = no hemolysis

& 05 L g growth of colony 4 o5<)
(=3 hemolysis
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= S. agalactiae on blood agar:

o

L hemolysisd! <l Lua cvery narrow zone of hemolysis Ll s~ s Gray-white L4 colonyd! ¢St
Leiad B-hemolysisd < sii s ia ¢ colonyd) e yaaiad el () maal 5 0 &

=  Bacitracin test

* The traditional method of differentiating S. agalactiae from S. pyogenes is the use of
bacitracin sensitivity test. A bacitracin (antibiotic) disk is used, and if no zone of inhibition is
seen, the bacteria is considered resistant to Bacitracin, for example, S. agalactiae. If any zone
of inhibition of growth is observed the test is considered positive; S. pyogenes.

«l resistant <— group B streptococcus/ S.agalactiae ¢s<: «antibioticsd) (« & 5° s bacitracind
lehaiad B Y s A soa o (i le (e s Streptococcus lee i LsiSall (sla 4d) (pSLE Lial) 1)

¢ S 3, all 53 zone of inhibition Jex3 W 5 bacitracin discd! resistant Lelai Wl <bacitracin test—
ol s> zone of inhibition & Jls 13) Wi Non group A B-hemolytic strep. L) sSlise (ol

group A strep.« L_aSill gla UL 5 bacitracin sensitive LosSall gla 43) sliaa 2 bacitracin discd!

Bacitracin Sensitive

Bacitracin Resistam

Non group A fi-hemolytic Streprococet S Pyogenes

= CAMP test

» The CAMP factor is a diffusible extracellular protein that acts synergistically with
staphylococcal- lysin to cause enhanced lysis of red blood cells.
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A blood agar plate is inoculated by making perpendicular streaks of a lysin producing strain
of Staphylococcus aureus and the organism to be tested.

 An arrowhead-shaped zone of enhanced hemolysis in the area into which both the lysin and
the CAMP factor have diffused represents a positive test result. S. agalactiae gives a positive
test result.

Leansl 33le Jaxis 5. aUreusd s s horizontal streak of S.aureus baie 51 J 5l cblood agar be Ll Lua
te A organismd! 13 o = 43) ~Uisie Ual Lua | zone of hemolysis Jexis 5 lysis of RBCs Jexi: lysin
4wal perpendicular way< group B strep.d) baaie bsl a3l juay G Y Y 5 group B strep. s
Jxids factord! sla s CAMP factor 4axewis S =355 group B S.agalactiae 43 Jwa M s aureusd!
J) 1 sa3u s enhance of hemolysis Jazi 5 S.aureusd! 433 I lysind) &« synergistically

.positive CAMP test o5 enhancement of hemolysisd! sl ¢

» Streptococcus pneumonia

* Streptococcus pneumonia is also a major cause of meningitis and ear and sinus infections.
* Characteristics:

Gram-positive cocci arranged in pairs or diplococci

Catalase negative.

Colonies are usually transparent, slightly mucoid, or flattened.
Alpha-hemolytic on blood agar.

Optochin susceptible.

O O O O O
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= S. pneumonia gram stain:

B o s = A
\:';‘:'o. ¢ ®_ Wy o Nkls
® -t < '|‘\ ® » ,. o =
e O Py D e . .
o R R g Ry Gram-positive cocci
> W . o' arranged in pairs or
/\‘~ s .o i )
D ey ®'®-* OO ! , ‘ {‘ diplococci
- , .
- ~ .\ - 1
.:». }/ “‘;- § -
. , » ’
\\ L) S -o. \ & P

(lancet shape) 5 aall 43 )5 (53 LS ¢ 58 «JalSIL 4, il (5 5S5 La o

= S. pneumonia on blood agar:

Alpha-hemolytic
(green in color)

= Optochin sensitivity test:
It’s similar to bacitracin test.

* Optochin is a chemical that kills S. pneumonia but does not kill other alpha-hemolytic
streptococci. In this test, an Optochin impregnated paper disk is placed onto the surface of a
blood agar plate that has previously been inoculated with the isolate.

« If the zone of no growth is more than or equal to 16 mm (1.6 cm) then the organism can be
identified as S. pneumonia. If the isolate produces a smaller zone of no growth, then the
isolate is not S. pneumonia.

|
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Left Side
S. mitis
Resistant to optochin

il Right Side

S. pneumoniae’
7/
4

S. pneumoniae
Susceptible to optochin

> Neisseria meningitidis

* The usual manifestations of N. meningitidis disease are meningococcemia (N. meningitidis
in the bloodstream), petechiae (tiny red spots on the skin), and meningitis.

» Characteristics:

o A rapid presumptive diagnosis of meningococcal meningitis can be made when
leukocytes (WBCs) and Gram-negative diplococci are observed in Gram-stained
smears obtained from CSF specimens.

WBCs & Gram-negative diplococci :CSFJL (2ie

> N. meningitidis colonies are gray, convex, and glistening, with a smooth, moist
entire edge (Ja\S il ) |

> N. meningitidis will oxidize glucose and maltose.
> N. meningitidis is oxidase positive.
> N. meningitidis is catalase positive.

* Neisseria species are capnophilic (need a moist 5-7% CO2 atmosphere) at 37 degrees
Celsius.

We need special incubator for them to grow.
* Neisseria meningitidis can grow on:

o Blood agar
o Chocolate agar
o Selective media such as Thayer Martin agar, Martin Lewis agar, etc.

Neisseria sxic Gy ll ala 431 high suspicion e g8 131 Y1 Wele ¢ ) e L selective mediad! sl
meningitisJ! causative agentd s meningitidis

|
SCIENTIFIC TEAM - (oalall 55 3l 14



= N. meningitidis gram stain

WBC <— neutrophildl s nucleid) ge 3 ke uad¥) agudl xie )
agiai staindl s diplococCid) aa 2 sl agull xie I

N. exic (sl 43 rapid presumptive diagnosis k= diplococcidl gz WBCsJ) 252 5 Sl 5
causative agent of meningitisd' s meningitidis

= N. meningitidis colonies

OsSh Sa) convex s gray L s s (el glistening s 432 ¢ 5<% blood agard! e Wi=s colonyd)
hemolysis Jexi: L + (surface of the agard ce s 5 428

Neisseria meningitidis

= N. meningitidis ferments glucose and maltose, but it doesn’t ferment sucrose
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yellow L ¢l ikl A fermentationd)!

=  Oxidase test:

Positive.. If we put the colony on the oxidase agent, the colony’s color will turn from yellow
into dark purple.

oxicdase test
+

» Hemophilus influenzae

* H. influenzae is one of the three major causes of bacterial meningitis (S. pneumonia and N.
meningitides).

S. pneumonia and N. 2= bacterial meningitisdb 4badd 23ls s &G & H. influenzaed!
meningitides

* Characteristics:
o Gram negative coccobacilli

0 On chocolate agar: H. influenzae colonies are grayish, semiopague, smooth, and
flat.

chocolate agard! e ity & LlGs Leusis blood agard! e it L H. Influenzaed!

0 Oxidase and catalase positive

|
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* In vitro growth of H. influenzae requires the culture medium to contain both:
1. Hemin, referred to as X factor
2. Nicotinamide adenine dinucleotide or NAD referred to as V factor.

Jalasasa se factorsd sla blood agardh « seii (lie W 5ol factorsd zUsi H. Influenzaed)
Qe |, sall g ageddind )i L LSl 5 aal e Jualy factorsJié intact ¢ < sls RBCsd) ¢<1s RBCsd)!
normal sheep blood agard) e i3 385 W H, Influenzaed) <ha

* Both X and V factors are present inside sheep red blood cells but H. influenzae will not
grow on normal sheep blood agar. However, it will grow on horse and rabbit blood agar and
on chocolate agar; because X and V factors are both present in this media.

flede gaii LSl gla il s (s csheep blood agard! s media be L 43l (sl cuda

H. L4l Sl I CSF sampled sf H. influenzaed) ede & s blood agard) cuss 5 Jf

«(hemolysinsd! zih Le3Y hemolysis Jexis Leil <o =i Ual 5) S.aureus strain «usis bas cinfluenzae
< Jlll Joha g 3 4S8 i g olie ) Il aday (bad) streak Jesis a2 sample of CSFJ) g 5 b 2eié

)5 0% z streakd) ¢l s> A RBCsdw <nearby RBCsd! hemolysis ! slaxs = hemolysins L

z <blood agard! JS e sl 7 ) Lo s ¢« 508 7 ) sampledh H. influenzae 213 A4k «factorsd)
¢ S.aureusdl dame oS4 H. influenzaed! sl <l (lie chemolysis Wi Jba A areadu st
o 65 sl GBI e albay e g G o2 )Y T sma (3555 satel lited) S iy <— satelliting lerasia 3 Ul
hemolysis Jale ) streakd) 4da sae ¢ S s eplated) JS sais L H. influenzaed) .l

* Sheep blood agar can be used to grow H. influenzae by the following method:
oThe inoculated sheep blood agar plate can be cross-streaked with a Staphylococcus strain.
After lysing the sheep RBCs, V and X factors will be released into the medium.

0 H. influenzae will grow in the immediate vicinity of the Staphylococcus strain, a
phenomenon called satelliting.

= H. influenza gram stain

Gram (-), coccobacilli

SCIENTIFIC TEAM - (oalall 55 3l 17




= H. influenza colony morphology

oxidase «flat 5<% cgray st o5 <— 4de 4l H, influenzaed' s chocolate agard) (2 el e
positive, catalase positive, no hemolysis

Lo (Ll Laall die) Bageall (3hlially G dadldl cia 4046 H, influenzaed) s «S.aureusdt ba 8 sl e
Lol sai A

» Listeria monocytogenes

* L. monocytogenes is one of the major causes of neonatal meningitis.
* Characteristics:
0 Short, nonbranching Gram-positive bacilli on gram stain

0 Observation of tumbling motility in a wet mount
(https://www.youtube.com/watch?v=bV Wd7JC06A)

Tumbling = _aS &l athy aA500 giS ey

0 A narrow zone of beta-hemolysis on blood agar, resembles growth of Streptococci.

e motilityd) Gk oo e la el jadle G idalill sles Streptococcid) 4iisy o
o Umbrella-shaped growth in semisolid agar medium. <— L& ja s il 436 5 )la e 8
0 Catalase positive.
streptococcidl e (6 38 Ja
0 Optimum growth at 30-37 degrees but can grow at 4 degrees (cold enrichment).

£ 5 a da )a ad ety g AL 3 ) jal) Gila jo Cand G galy Le AN AL L 80 (e L. monocytogenesd)
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https://www.youtube.com/watch?v=bV_Wd7JCo6A

= L. monocytogenes gram stain:

Gram (+) stain

3 ] ¥ STV W .

oAt TS sk
s

Py l.'l"o" A S \.

\p/ - =

”’ ’
B
e b
- 1

= L. monocytogenes on blood agar:

A small zone

of indistinct
beta- haemolysis
(unlike

streptococci, \ii‘""-':‘“ S L growthd\ 43 3y geally C"‘.A‘J & La )
i b\ | 4 streptococeid) G s i 15k s iS5 <smooth
] ( narrow aadic YJ)ail + acli Leass growthd) sea
gram Jb ¢t (34 Lua <zone of beta-hemolysis

‘ oS listeriad) ccocci <haa Wl bacilli s 43 stain
catalase (-) osSi streptococcid Wl catalase (+)

e 7

Listeria monocytogenes on Blood agar

= Umbrella shaped motility (on semisolid media)
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» Staphylococcus aureus
* [t is also capable of causing meningitis.
* Characteristics:
0 Gram positive cocci in clusters (sl xdlic s 5)

o Colonies are large smooth, slightly raised, translucent, and pigmented. They may be
off-white, gray, or yellow.

S.aureus Uie Ll slize e 3 yellow <uilS L sl (¢ 2 o5 sl oo ST yellow Vs 5Ss
0 Colonies are often surrounded by a wide zone of beta-hemolysis.
o Catalase positive
0 Coagulase positive

o Mannitol fermenters

= S. aureus gram stain

Gram (+), in clusters

| 535S cwide zone of beta-hemolysis agd! s>
sl 5 cgold/lyellow Wil o5 5 <large
CONvex s

Sraphylococcus aureus
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= S. aureus mannitol salt agar

Staphylococcus epidermidis

Mannitol Salt Agar

> Enterobacteriaceae

L&Y Al staph.d) (s« S.aureusd! i s Lgadding e

mannitolJ! fermentation Jesi yasiy ) 3o )

Ladas Ll s ¢s 2y agard) g sl 8 sally (il Us) e 5 5-
_ad s mannitold! fermentation <lee agardl S.aureusd)

Laal S aureusd! 4 Al ¢ 5all

» Some of the enterobacteriaceae can cause meningitis. Example: E. coli, Klebsiella

pneumonia and Proteus species.
* Characteristics:

0 Gram negative bacilli on gram stain

0 Can grow on blood, chocolate and MacConkey agars each with a specific colony

morphology
o Catalase positive

0 Oxidase negative

o0 E. coli and Klebsiella species are lactose fermenters that turn MacConkey agar into

dark pink color,

o All are motile except for Klebsiella species.

= Enterobacteriaceae gram stain:

= o~ PO 2R N v
=~ - o R -
S LeRs g o !
P ¥ 4"0"
s §o_4 5
Bz ~ L
- "’; n-"’ \: A
et AL
| v - ,.’\ ! ) N
. = - VN = -
4 \':'\,\ ’,) = '
" * - -
> E “u §:; /, Pt '95
"y W e Wt
e T L .2
’ - - =
AR CE 3N S
” s, U9 g -
2y o, = ’ {_10pm

SCIENTIFIC TEAM - (elall G 5dl

Gisb e 4 species J) (e saa 5 gl s 4l ara

gram (-) + eella daml) 45) o 83 Wl Ga cgram staind!
L=y 5 enterobacteriaceae W oLidl Lie yuas bacilli

exact speciesd s =i L further tests Jeri
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= MacConkey Agar

Lae Loy 43) (33 b (e «ams e enterobacteriaceae speciesd) et 43 Gacluiy A 3kl e das g o
¥ sl lactose fermenter LSl 13) Cayas

The 2 important lactose fermenters of enterobacteriaceae are: E.coli + klebsiella species

When we implant them on the MacConkey agar they turn its color into dark pink (or even
fuchsia color), and this is an indication that they are lactose fermenters.

(colorless) » W s agard oo JAah e proteusd! bie (s

Klebsiella species

\\ . Lactose Non-lactose
O el fermenting fermenting
= 4 colonies colonies
—— _/
TRy PINK COLORLESS

MacConkey’s Agar

= Biochemical tests

* Multiple biochemical tests must be done to differentiate the exact organism causing
meningitis.

Gram Urcase Oxidase  Indole Citrate Lactose  Motility Isolates
reaction

GNB + - - + + - Klebsiella spp
GNB + . v + . + Proteus

GNB . . ‘ . ! ' Exchericia coli

GNB= Gram neganve bacilli, + = posstive; - = negative

biochemical testsd! i« 4= seaa a¢lS J s &) urease test, oxidase, indole, lactose, motilityd)
Uan e organismsd) s e

motile <i\S grganismsd! JS 131 centerobacteriaceae s 43 (:SLs La) grganismd test Lilee s ]
klebsiellad' - non-motiled) s 431 <& =2ia non-motile (w3355

& Al L el e s e ala 5 Urease negative & citrate negative sole o 5<s E.colid) ;26 Jlia
urease positive & citrate » proteusd <urease positive & citrate positive » klebsiellad) Jisall
oxidase negative a&lS YJ) J s 5 (lactose non-fermenter L& W e A G positive
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13l (o pdia curease testd! be (pn s ) sall sle
ad S5 A grease enzymed! Laie b syl

A.Positive Proteus spp. other compoundsd uread)
B.Positive Klebsiella spp. | . . e 1 1
C.JNegative: Escherichia coli pH JV J =% (urease o) positive o< 14

pinkd! yellowd ¢ indicator

Urease test
(Christensens Urea agar)

» Tuberculous meningitis

Lasl s cMycobacterium tuberculosis J) s Jla U sell S tuberculous meningitis o el axd
48 A L= waxy cell walldl glie Acid fast staindb L séis a5 gram staindb <eliit L g3
mycolic acid

= Acid fast stain (positive for TB)

w vV E 7 _ . .
: . —— e sl (= acid fast staind! positive el <o e
w 4 Al 43 gram staind! ge W Saetas « s N
= - 53 il o
- / y
i AR A N
ol RS

= | owenstein-Jensen medium for TB culture

i a8, L Mycobacterium tuberculosis J)
> selective media zUsi: « normal media<
Lowenstein- ¢ specific mediad! ax! s ¢ sl
Mycobacterium J) ..Jensen medium

= yellow colonies Jsi e e tuberculosis
8o sall A (55 sl sl U mediad

|
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» Fungal tests
How to diagnose fungal infections?
et Cpe saud 33 g ale 5 cultured) e s fungid)

The most commonly used specific media for fungal cultures is Sabouraud Dextrose agar
(SDA).

Different fungi have different colony types on SDA (each fungus has specific growth on
SDA). In addition, under the microscope each fungus has certain characteristics.

diagnosis of C.neoformansJb bacludy india ink staind) be
» Fungal cultures are done specific media for example Sabouraud Dextrose agar (SDA).

* India ink test for detection of C. neoformans.

yeast surrounded by a oe 3 ke WY C.neoformansd! s dark gray/ black ¢sSi 4.élall
el (fungusdb asty (ped) vie ¢piand L oY) s Jeats capsuled) s polysaccharide capsule
L ne e C.neoformansd

The end..

"1 5a S a3 Gl Al Jal g S Y
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