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The importance of cerebrospinal fluid lactate
concentration to distinguish bacterial from
viral meningitis
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| Headache, Fever, xNuchal Rigidity

!

Altered mental status?

Y

Meningoencephalitis, ADEM,
encephalopathy. or mass lesion

Meningitis

Papilledema and/or focal neurologic deficit?

\ \

Obtain blood culture and start
empirical antimicrobial therapy

History of recent head trauma, known
cancer, sinusitis?

Immunocompromised?

Imaging: Head CT or MRI (preferred)

! '

Mass lesion No mass lesion
Abscess Focal or White matter
or tumor generalized abnormalities

gray matter
‘ abnormalities ‘
Appropriate medical | | ©r normal
and/or surgical ‘
interventions
Encephalitis

A

ADEM —1 !

_ | Immediate blood culture

and lumbar puncture
|

'

Elevated protein
Decreased glucose

Pleocytosis with PMNs

Gram's stain positive

;

Y

Pleocytosis with MNCs
Normal or increased protein
Normal or decreased glucose
Gram’s stain negative

!

Bacterial process

Tier 1 Eval (no unusual historic points or exposures):
Viral: CSF PCR for enterovirus, HSV, VZV
CSF IgM for WNV
Viral culture: CSF, throat, stool
If skin lesions DFA for HSV, VZV
HIV serology
Serology for enteroviruses and arthropod-borne
viruses
Fungal: CSF cryptococcal Ag, fungal cultures
Bacterial: VDRL and bacterial culture
Mycobacterial: CSF AFB stain and TB PCR, TB

culture, CXR, PPD

Source: Fauci AS, Kasper DL, Braunwald E, Hauser SL, Longo DL, Jameson JL, Loscalzo J:
Harvison's Principles of Internal Medicine, 17th Edition: http://www.accessmedicine.com

Copyright @ The McGraw-Hill Companies, Inc All rights reserved.




Tier 2 Evaluation (if above negative):
EBV: Serum serology, CSF PCR
Mycoplasma: Serum serology, CSF PCR
Influenza A, B: Serology, respiratory culture, CSF PCR
Adenovirus: Serology, throat swab. CSF PCR

Fungal: CSF & serum coccidioidal antibody, Histoplasma
antigen & antibody

B

Coxiella burnetii (Q fever)

]
Tier 3 Evaluation
(based on epidemiology)
Y Y A
Mosquito or Recent Diarrhea Hepatitis
tick exposure | | exanthemal | | (infant/child)
illness Y
Y v y | Hepatitis C
CTFV | Rotavirus :
Arbovirus Measles :
Rickettsial Rubella
Borrelia HHV-6
Ehrilichia
Y Y Y A
Raccoon Wild rodent Cat Swimming in
exposure or or hamster exposure lakes or ponds
Hx of pica exposure or nonchlorinated
Y water
y y Bartonella spp.
Baylisascars LCMV (cat scratch fever) [
procyonis Acanthamoeba or
¥ v v Naegleria fowleri
: {amebic
Bat expOSUI'e Pet b|rd Exposure to meningoemephalitis)
Animal bite (Psittacine) cattle or
exposure unpasteurized
L ] dairy products
Rabies y |
Chlamydia psittaci !
(Psittacosis) Brucella spp. (Brucellosis)

Source: Fauci AS, Kasper DL, Braunwald E, Hauser SL, Longo DL, Jarmeson JL, Loscalzo J:

Harrison's Principles of Internal Medicine, 17th Edition: http://www,accessmedicine.com

Copyright @ The McGraw-Hill Companies, Inc All rights reserved.




:Definition of acute meningitis Jad Liawd cilbeil iy ad —

Dy (Sl gl 5 & laall calas clils EBE & meninges Lisud) —
szl pia mater ¢ siadl &Y awd) Jalal) o Lial e calln
el W) ey o3 s i) ¢ Liall 5 archnoid mater S5 sSiall
Adlall 8 2a) gy oA Sl el Jill ALY dura mater
cludal) 5 A8 ¢Saal)

Dura mater
Arachnoid
Pia mater




inflammatory el (s 49 meningitis Wawl ilgill o yzy =
e aae dllia Sy Cua leptomeninges adland) 8eY) cuay
el Jil & white Blood cells (awll <y &I (4o 2k
.CSF cerebrospinal fluid S sl

acute meningitis sl 5 o5l dall Wl Gl W -
Ailan el 4 infection =<3 s bacterial and viral
@ G yaal) Jalall S 35n 5 g CSF (S5l eladl Jild)

Virus s 8 ¢ bacterium asise oS of Sa

:epidemiology <lil ¢ —
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:Causative factors :dwws fof st)) —

SIS 5 yand) COAL lal Wlawdl Ll el Jalal) Calisy —
afl all Al 5 daad ) bl Alen Cary ¢ aall ¢ 55 G
Gbaixll ¢ Haemophilus influenzae type b 44 3l Ciliedi)
Lladl leall 5l 6 C—}-»-Aj Streptococcus pneumoniae 4,
S i 5 s Le JUaY) (e 4 gan B 53 b el g J8 alal)

SV e

die alal) L) OB dal) afl sl andl dle IS5 Ay oSl
fep ol

S. pneumoniae 4 sl Gbasall—1
N. meningitidis 4dilsull <l punill=2
H. influenzea 4J 3yl clwdiwdd-3

G Leaal g bl ALY plad m A dl gl e el Sla -
) 44l pneumococcal pneumonia 4 5l il gaielly 45 )
Jalall Gty el V) gl ), Gasall ) slall gl il
oy oSl el pmgey Gl ) ALYl el
Leldl Gl el mges ekl b
complement il st shypogammaglobulinemia
Gl gl At Jaly gladll g, aw Ja cdeficiency
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enteric gram- ol &l dule Ll Slaaxllh LAY e
dap Al dbland) Glal 8l ) (w negative bacilli
S S el i S i) g e el (al Y el v Al
Gobll Gedall Gl o e g2l aadill pm ey Gl Sl
Ayl gl
gram-negative meningitis alall Anlu afl jall Llsd Glgl
deali s Lanl Lalal cildeadl 5 el a0 UL o oS o (Ses
.craniotomy aadll =
4 g5ua g 423ld group B streptococcus Baubaaxll Lladl el
e e J8 neonatal Glalsl aie Uladl @l e pala Jsi
de Aald g 4w 50 358 alddV) aie 5 Al Gigan 55, el Kk
c A Al el agal () alaSY)
Lald 5 degall Qi) e Gsval L.monocytogenes L sl Wl
60 (o S yeall Gpedfiall 5 dal ol 2ie 5, 5l o S8 Al e
aadall Jolo aie Goaat Ala¥) ¢ Lelin (piaiad) e ey A
il ol jalle (g sinall 5 Elal
dale Gba el 5 staphylococcus aureus daalall Gl gaiall  jiias
Ja sl aal e coagulase negative staphylococci Al
st leall bl Lals s Al al) cilleadl aay Glad) Gl 4 jadl
il gyl as il el Glaid) gD Lnusall 2ni1 il 5 il W
coxsackie viruses /echoviruses/ :lgw s enterovirus 4 g4l

.human enterviruses 68-71
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(Say Y CSF-PCR i 3 ) shitall < jLaa¥l s cile) 5V (e a2 Hlld —
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:Pathophysiology :4v.) ¥/

32 0585 Ul gD sl Sl juasil 5 iy g0 W) o sl -
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classic afil all Abll Slediall s phagocytosis deald) (e DY)
ddasslll 4o 0 complement-mediated bactericidal activity
. polysaccharide capsule ISl 30002

Gkl Jals choroid plexus daesiall plécall M ol all Jeai —
Bl 505 Jomany s il 03] 3y Jlelall LAY yile UKy s
.CSF Ss&) elad)

LI Guaili o) sk pneumoniae @l si )l Jie afil ol (e -
LAY A (s oo 0 oaleis il gl ol jpmll &y lelal
LSsal el Bl ) Jaal

Gy (Sl elaall Jial) & a e (<G IS o o) al) adaids —
b IS Qi ) gin) G canall dpelial) Leliad) Jilus) e
gy sl 5 ilagiall (po Lsass AL 33a 5 i) il I o Qi) e
. B3 g3aa Opsonization gl 5 dealill dalee Jang Le 13 cdpelidl
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Gl gl ) ey jat ddaud 0 lld s Wadl é inflammation
WY s microglia 4aall LAY e chemokines s cytokines
oanl b SI s monocytes LAY Clam g gastrocytes dwadll

Sl eladll JIL 853 s sl

& ol Sl 8l g St sl 58 55 ol ) e A siee LS giull o2a
L Ssil aladl QL

zll o (o pan Aleal) S gl g afl all sda o) ) Adlal
<y yill a5 free oxygen radicals 3_all cpauSsY) sl
Gsaig ) Akl a5 5 Al dals Jal se 5 nitric oxide

- daelaall LA

5 el s 5l 3y A e e YU Aiaailel) Gl il S 80
LSl eladll Bl I LSl i g cu e ) g5

e 53 Al degranulation lelus = sy (el Sl KU & 685 138
cyotoxic Adbu dsla da s ) el a5 abu Ol e

AL et g A glA A0) g edema

 Laall 2 el 235501 312 35 Llandl gl e lan 58U Jal el P&
G shanl s il S a6 el Cpeally s Lgniy (S
cLiial yischemia 455 (=l ) g2 13y ¢ ALl Ao fl) alanil
cerebral 4yl Addl Ggall & B &Gigas s g infraction

.venous sinuses
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323 ) el eyl 5 e Sl 5 35120 e Sl pLain (5255
.coma Sluall Jis g ICP aadll Jaly pall 8 eld

ia)s) il ez L Wle cerebral herniation Al (3|
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Invasion of SAS by meningeal pathogens

'

| Multiplication of organisms and lysis of organisms by bactericidal antibiotics l

!

| Release of bacterial cell wall components (endotoxin, teichoic acid) l

Production of inflammatory cytokines |

' ! !

Altered blood-brain Adherence of leukocytes Alterations Production of
barrier permeability to cerebral capillary in cerebral excitatory amino
endothelial cells blood flow acids and reactive
T oxygen and
‘ ‘ nitrogen species
t Permeability of Leukocytes migrate into
blood vessels with CSF, degranulate, and —-
leakage of plasma release toxic metabolites Cell injury
proteins into CSF and death
{ I
Exudate in SAS obstructs
outflow and resorption of
CSF and surrounds
22geg]rfel:lt?a::§ulature ] Carsbml
ischemia I { blood flow | | tblood flow l
L { 1
Vasogenic Obstructive :
edema and communicating ng'?:'zgﬁili'
hydrocephalus and ?
interstitial edema

| tIntracranial pressure I

Source: Fauci AS, Kasper DL, Braunwald E, Hauser SL, Longo DL, Jameson JL, Loscalzo J:
Harrison's Principles of Internal Medicine, 17th Edition: http://www, accessmedicine.com

Copyright @ The McGraw-Hill Companies, Inc All rights reserved.
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:diagnosis o) biawd clell addd

1 5 el ) 5 Gl Y - A

Dla itidl ) seanie Wl 5 Jine oo e Uad) gl Gy e —
Sl ¢ acute abla g sla I (ol 4eY) sy e delu 24 U
Al Pl ol subacute als Gt JSG Ll b o (S

Alladly s 850 Adbkas 5 ) s e bladl QLD gaglal)  BG) -
(5-4) 4xlaxl)

Sl glaall e Gois uady aere 4l (i gg Al Gl plaall -
38 Adla g« (0 %95 85 52 5a fever &) jall (A gen
N e %78 Aliall Al i W, % 88 4535 se

e %95 A L Al Gl el 3y el 00 %44 L -
idla — 5 a — glaa) Al Gl 2V G0 4 50 2 — sl
(Aliall AN s — 5

Gldle — g pall 16 Y Ayl el Gl eV e Gl -
(g raal) Al A g — (Riad Clac] L)) 4 )% danac

sl ey 3 ) IV Al 5l e s a g el (5S35 -
< focal seizure Lys 058 O (Sae «YSY 0 %40-20 2

para 58y () (Saay Ay sl Gl Ja o) Ll ) Ay Al Gl

2D o g guall Jalh o 5855 generalized seizure
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J&a s cerebral anoxia §Leall 4au&Y) =8 o) hyponatremia
ol e €l Cile jall e clabal) daa da le gud J
ol glaas dlall cw sl Lladl Qlll oia e pal Lo Llle
) o B e plaaall (S Lia Ll (i 23 e
.Cial) &l a3 xie Ll 5 photophobia ¢l

alina 352 5m g0 (S5 Wand) iy 533 e 55l Adla I
A0 AS ey i and e iy Adda (588 L) YLl
hme all g cant g pdl) Al g Llad) el ae G L Llle

. b all 5 e 5 oLl 5 anorexia 448 s myalgia

confusion adll Ladasl stupor Jadl o e ol (5 sie & Jal
Gletll g s 7 A0 o g g die 5 s al) Ll Gl 4l e
Ay sl dpasll ALl 5 ¢ pall Ay (i pad il o) glao

o aall Jalall Coin 3 jaaall Cladlall (amy Sllia

Eigaad de i) o35 M Listeria b il Liad) gl b S

& ral

halie gl aen gala il cand o See @l el gl b
gL.U:.; & Ca.l:. = Gl yila Ldl.c enterovirus 4
.maculapapular exathemaous

Lol gl w381 50 ALl f 4 gadl) s il lay sall
HSVIL+ HSVI G ) il g sl vl )

Asymmetric PARAIYSIS Hllidl ype o2 ) JLEN &3yl LSL&.;

-west nile v. Jall ¢ e (s 8 ) as flaccid
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o Ju il LD o il g sall aalis gyl panill U
Jixd Sl nuchal rigidity 380 Adba Leaal s Lladl (3 540

Cilaal) i 38 5)) daglia Ce 3 be A5 Lland) ey daud s Ale

. Jaaid)

Kering's &u S ke 5 brudzinski's sign (oSw 5o g n dadle SlIX
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die g3all e Cosheall 3240 e A€ 50 Cale die AN i jay

o (sl (g yal

Jriial 38 5l Cibie (i jay Letie Gplad (58 S a5 51 Ale U
sl s Al Calae
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ezl Gl LS el s o je v Chda S5 )

s o= Qe i e Lelia Gpladial

LS Aalad ) udl LS e 3850 ml 5eY eI L) (5o

5l bl dle

18



Jlaporatory <l use — B —

e sl <y S st o ) sl gl 2 ) Clasa sl -
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Baadl Wl
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e a3 Lils MRI peslalindl (0 )1l § Lol i e —
¢lac) axy diffuse meningeal enhancement Llaudl it
. gadolinium a sl galall
O Sae 4l Can Uandl (gDl Gadiia (ol Uaad) 5505 =
3855 ) A58 al Banl) Alaall il jl (e ypaall b iy
c Sl selaall alall 435685 A 3l e
O s Jlal y -y dain ¢ S5l e laddl JLa) Al 0 Jodi
DSy Ofis 0 e g salS dilads pile pandy g s plan Sl S
LU (mes e g
Cum il Ll el oy b e 055 L Wle 2 L) i
7] Laxall Jau 5] mm h20 350 (e SSH dariall Ja e
[mm H20 200 s xnbl
il Gandll 5 Gaall 5 el il 8D Sl i il Al Jads
Gletll oo 55 On Gl (8 A Hall oda aadliudi g st g 0
Alall gl e e il Llad)
10585 gagiond dadl Llaad) (il (in yo dind
sl Sl 44 4000 — 1000 G WBC Ganll <l SU alaas =
.%80 < neutrophilil &Y dapa xa
b3S 250 WBC 55 Y Lle s pudll Sladl gl 3 L
el Fapea e s Sud
A Y RPN | [F P RETE N ST PRV PR R A B

.Gu_s‘).\&
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40 (e B S5l glaall Jila S ()5S e gioall Gley) b -
+Jy/#le 150 — 100 ai o oo gl 5 Jo/ike
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S it e 355 A Gl Y5 A e el ollia iy oS -
Al Glpaally o) ) ghadly Llad) Gl Jia (Sl elaall B
alall aac carcinomatous meningitis 4wl Bl 2a g Ja j
DSas aall S G ) sl 58atl 4380 30 ) s zlisg anadl ()
L Ssl elal JiL

PCR i olasind Wandl (el aiii Jily (o IS -
ALl dac) s aiS e 3,38 (polymerase chain reaction )
e e dic 4l lali Lo Wle geduall i g doall dca yaall Ja gall (e
Gl idiadl I o adll 3 clalally e cpallaall Wl (il
seledl Bl g 55 ins Sl Gandll ) ol e (st gl el ol
e A 5 p sl s addall HLaaY) Al s2a joad Aagi (gl
sl Llad) clgal

Jal (e 235 latex agglutination (SDUL Gal 3 jlasl W -
B ) olat¥) g <l il o b 6, antigens colacaioall (ais
S land) Ol el Ssal eladll Bl b cilial)
.PCR assay 4udh | A 50 Jadiul

i dpulin 5 %100-95 ia GG (al i lial L 5 Jusi -
LY 55 ea L Lo 13a Lulagd LAY (S Levie 13k %70-30
ISty pasiil) i (Kay VLAY Al die (S5 ¢ e giall Liand
abld
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el piay o acluy (asd ) Lis) as e Y 4d) G Lee a0 -
Sl e e Crgany lul 3 el al iale e adali s ay e it
5 Apeal 4l L iy il padiill b aclus g Al parameters
stleall Qi) & GO aes ey al clud all eda T
P

{;}JJ/ {,.G'La.'.f/ il {J SO | e

S psioad Lan 0558 llin Uasd) () Tpml ) o LSO LS -
3 Ge giles, Lealad aadl (e eliall 205 G sedl Jalal
& A ol G Al A sa Al dal se 5 DS i
DSl A B Plas¥l ) J il Lenda Laa dpeleall LAY
uaes =iy Platy) s 4 48kl ~ 1Y anaerobic glycolysis
.®) Lactic acid <l

VAT e
ADPALP oo

+ER SR

Glucose

2 Pyruvate

2 Lactate =
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s Le U man (e dilide s i SIS o)yl -

.9) total CSF LACUESSU 3K 13 Jase (0 %10

Glycolysis Fermentation

Glycolysis

(Pyruvate

‘ Cellular réspiration /L\’"}uva"ie
Cytosol . —

Lactic acid \
.'}Il or ethanol

Matrix

Citric
acid
cycle

Cytosol

Mitochondrion Prokaryotic cell
Aileaddl U Gl ey S s e i i) ae s 13
DLl & O man xdy 6 50 b aalid Sl 4 5l
cSsal elaal
salalle jse Jasdle ionized 3 piie eg ja CUSOU e ey
ashaile ¢ sy cma (blood brain band) BBB s sl &l
& ol g Sl el Jiludl 8o le 8 Al b g8
L(10)pdl) 8o jle
Gadi yo o ) QO Gman Jea b 38 jidiall Jal sall 038 2l
o ndia el asial alsy alal) Lad Gl
128 5 gl e e sipall Al Llad) Gl G Sl

(11-14-13) Agalal) 3 gadll 5 cilad jall e K asasil
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treatment 7/

Zoall el ga Cangdl g Agland Lk s o jad) Llasd) gl —
&) Umid) Jgas o 4883 60 J4 A antibiotic cilabally
dilal) dd e

J8 e sial) Wl gl el xie sale Le o 4 i) ciabal) -
oSl e loal BLull g 55 silie Gand (e Jllaill il s

3L ) s V) ol gl o ddlad) Gl pel) s QLGN ) Lars -
A6 4 VL Tan L Wle Wl calall Lo gt sie
Jiall (e o2 5 ceftaxime ansStdl ) ceftriaxone (suS g
vancomycine e sSall I AVl iy saas llisnd) (e
4adlall 3l Y acyclovir &Ll (e 2 Y s dexamethasone g
. HSV encephalitis &Ly gl oLV sie

) sl dakast A saadl Glalall e cefatoxime s Ceftriaxone  —
Al il gl in g ) 35 5 sl g il 58

O dial e cadall Al g alall (10 58 5 aandss Cefepime —
Sl sl ol Lgihat b ) suly i 405 Sl ) gans llisul
G geall afiall alad 5S) Alad ) A8l Uad
.pseudomonas aeruginosa (3,3 Glua=ll senterobacter

Ayl dudasil #3all N Cilay o) aan Gibunnd) Amipicillin —
S8 @l s 3 e J3 oa e 2ic L.monocytogenes U il
organ transplantation slacy ¢ ;) s e die 5 43 55 (1

Lelie Gphiial a el s il udl oia ey l sall
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hospital - Mh M.u\:\SAS\ Q\AMJ\ c_\l.g_d\ (A C)\.c L_é -
Glal jall g edlalaill ae Usdl Glgdll 3 acquired meningitis
Al Ll ilaall 5 Ladell iy siiall S5 e Wlle 3l 5 dyaal
e s Jady o) omg el (8 Aaddl o 330 Cilpeanl) Jia

.meropenem  axing el o s o a3l

tuda e dale JS) Aa i 20l 5 5 ria gy Jsaa L —

Duration of antimicrobial therapy for
bacterial meningitis based on isolated pathogen
(A-ID).

Microorganism

Duration of

therapy, days

Neisseria meningitidis 7
Haemophilus influenzae 7
Streptococcus pneumonia 10-14
Streptococcus agalactiae 14-21
Aerobic gram-negative bacillia 21

Listeria monocytogenes 21

a Duration in the neonate is 2 weeks beyond the first
sterile CSF culture or _3 weeks, whichever is longer.
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Suspicion for bacterial meningitis

Yes *

Immunocompromise, history of CNS disease, new onset seizure,
papilledema, altered consciousness, or focal neurologic deficit; or
delay in performance of diagnostic lumbar puncture

No* l *Yes

Blood cultures and Blood cultures STAT
lumbar puncture STAT

i i

Dexamethasone* + empiric Dexamethasone* + empiric
antimicrobial therapy*A antimicrobial therapy*

fes § 0

CSF findings Negative CT scan
consistent with | —— of the head
bacterial meningitis ‘
Yes *
Perform lumbar
Positive CSF puncture
Gram stain

|

o

+ Yes

Dexamethasone* + empiric | | Dexamethasone* + targeted

antimicrobial therapy*

antimicrobial therapy?®

Al el am el o 3all 2l raia sy Jsaad 12a
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No. case L A mean

S. pheumonea 25 17.03+7.9
n.menigocci 6 17.02+6.8
Staphylococcus 4 14.9
Klepsila 3 14.5

E.coli 2 14.3

Viral 36 2.3+0.6
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P <0.0001 4las) 448:2.36
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BM VM

LA > 3.5 55 1
LA<3.5 2 35
total 57 36

sensitivity =55/(55+2)=96%

specificity =35/(1+35)=97%

PPV =55/(55+1)=98%
NPV=35/(2+35)=94%

BM:bacterial meningitis

VM:viral meningitis
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