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Listeria monocytogenes in cerebrospinal
fluid

(o)

Gram stain of cerebrospinal fluid (x1000) shows
inflammatory cells and small, gram-positive rods and
coccobacilli. Culture of this specimen revealed moderate-
sized beta-hemolytic colonies composed of small, motile

gram-positive rods, confirmed to be Listeria monocytogenes.
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INFECTIONS OF NERVOUS SYSTEM

A GROUP OF THE DISORDERS CAUSED BY INFECTIOUS
AGENTS WITH SYMPTOMS AND SIGNS OF
IMPAIRMENT IN NERVOUYS SYSTEM




IMPORTANT

* COMMON
* OFTEN SEVERE
* MORTALITY - 15-=70%

* BACTERIAL MENINGITIS: 1, 2 MILLION CASES EVERY YEAR IN THE
WORLD
* 135 000 DIE

* >50% PATIENTS HAVE RESIDUAL SIGNS EITHER FOR LIFETIME OR
FOR LIMITED TIME



The introduction of vaccines has reduced the burden
of the two most common etiological agents for
bacterial meningitis in adults and older children,
Streptococcus pneumoniae and Neisseria
meningitidis. Haemophilus influenzae type B (Hib) is
also becoming a rare cause of meningitis in Europe
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Effect of conjugate vaccines on bacterial meningitis infections

7 o — 45
- a0
6
s
3 L3s |
= ®
2 s H
2 30 3
g :
g ¢ 25 8
- w
~r
g g
20
§ : g
= 15 @
-
2 2 1 §
= ! @
. 1 —10
g ! =
s |
1 1
! s
I
I
I
0 ; 0
1971 1986 1987 1995 1998 2000 2005 2007
Year

|[|Hib [0 sk [Jnum [ GBS I]LM|

Incidence (left axis, bars) and average age at diagnosis (right axis, line) are shown for patients with
bacterial meningitis in the United States from 1971 to 200701-4], The decreasing proporticn of
disease caused by Haemophilus influenzae type b (Hib) and, later, Streptocaccus pneumoniae (SP) and
the increase in overall age of remaining cases show the effect of routine infant vaccination programs.

GBS: group B streptococcus; LM: Listeriz monocytogenes; NM: Neisseria meningitidis.
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The most commonly diagnosed causes of
viral CNS infections in Europe are
Herpes simplex virus (HSVs),
enteroviruses, Varicella-zoster virus
(VZV) and arthropod-borne viruses
(arboviruses)

Boucher A, Herrmann JL, Morand P, Buzele R, Crabol Y, Stahl JP, et al. Epidemiology of infectious encephalitis causes in 2016. Med Mal

Infect. 2017;47(3):221-35.. " A\ /



MODERN PATTERNS

MORE CONDITIONS WITH NO OBVIOUS SIGNS

DIFFERENT AGES (INCLUDING ELDERLY)

MORE CNS INVOLVEMENT

MORE VIRAL INFECTIONS

DIFFICULT TO TREAT (RESISTANT TO ANTIBIOTICS) BACTERIAL INFECTIONS
MORE MIXED INFECTIONS

NEW INFECTIONS!
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Listeria monocytogenes in cerebrospinal
fluid

Gram stain of cerebrospinal fluid (x1000) shows
inflammatory cells and small, gram-positive rods and
coccobacilli. Culture of this specimen revealed moderate-
sized beta-hemolytic colonies composed of small, motile
gram-positive rods, confirmed to be Listeria monocytogenes.

Courtesy of Harriet Provine.



Haemophilus influenzae in cerebrospinal
fluid

Gram stain of cerebrospinal fluid (x1000) shows
: inflammatory cells and small, pleomorphic, gram-negative
- coccobacilli. Haemophilus influenzae grew from this

specimen.

Courtesy of Harriet Provine.

UploDate




Neisseria meningitidis in cerebrospinal fluid

Gram stain of cerebrospinal fluid (x1000) shows
inflammatory cells and kidney-shaped, gram-negative
diplococci (arrows). Neisseria meningitidis grew from this
specimen.

Courtesy of Harriet Provine.

Copyrights apply



Streptococcus pneumoniae in cerebrospinal
fluid

Gram stain of cerebrospinal fluid (x1000) shows
inflammatoery cells and gram-positive diplococci.
Streptococcus pneumoniae grew from this specimen.

Courtesy of Harriet Provine.

UploDate
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~ MICROORGANISMS CAPABLE OF CAUSING
DISEASE—OR PATHOGENS—USUALLY ENTER
OUR BODIES THROUGH THE EYES, MOUTH,
NOSE, OR UROGENITAL OPENINGS, OR
THROUGH WOUNDS OR BITES THAT BREACH
THE SKIN BARRIER. ORGANISMS CAN SPREAD,
OR BE TRANSMITTED, BY SEVERAL ROUTES.



KJTACCUPUKALNA

Nno cnocoby NPOHNKHOBEHUA UHPEKLLMOHHOIO ArEHTA (BXOAHbIM BOPOTAM) :
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- CLASSIFICATION

LOCATION

* MENINGITIS

* ENCEPHALITIS
* MYELITIS

* GANGLIONITIS
* NEURITIS

SENC

Meningeal layers of the brain and spinal cord

Cerebrum s
Pt i1 g P ;;':’
:'.o “Saa ::-:.4, " #— Skull bone
2 ® -. el " - .o o "‘
Subarachnoid g '
space Dura mater
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Pia mater
‘ ‘ Blood vessel
‘ Cerebrum
Cerebellum
Spinal cord Dura mater
Arachnoid | Spinal
~ ‘ mater meninges
] Pia mater

Subarachnoid space

Subarachnoid space
of spinal cord




IN THE PRE-ANTIBIOTIC ERA BACTERIAL
MENINGITIS WAS VIRTUALLY 100 PERCENT
FATAL.

DESPITE THE EFFECTIVENESS OF CURRENT
ANTIBIOTICS IN CLEARING BACTERIA FROM
THE CEREBROSPINAL FLUID (CSF), BACTERIAL
MENINGITIS CONTINUES TO CAUSE
SIGNIFICANT MORBIDITY AND MORTALITY ~

WORLDWIDE. /
AR @ e )
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Blood-Brain Barrier

OBPA3OBAH CTEHKAMW KAMWUNNAPOB,
COCTOAWMMUN U3 TPEX CNOEB:

Tight junction

e SHAOOTENUW KANUNNAPOB

Astrocyte
foot process

* BA3SAJ/IbHAA MEMBPAHA

e C/ION OTPOCTKOB HEMPOINUN
(ACTPOLIMTOB)

Pericyte

Endothelial cell
Capillary lumen
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2 BO3BYATE/IUN BAKTEPUAJZTIBHOIO MEHUHTUNTA

* HOBOPOXAEHHbIE: SHTEPOBAKTEPUM,
CTPENTOROKKMW, LISTERIA
MONOCYTOGENES

+ [IETU: STREPTOCOCCUS PNEUMONIAE, o (B
NEISSERIA MENINGITIDIS '

« B3POC/IbIE: STREPTOCOCCUS
PNEUMONIAE, NEISSERIA MENINGITIDIS,
LISTERIA MONOCYTOGENES (> 50-/IETHUX)



O111=

Fathogenic steps leading to meningtis

Mazopharmnmg=al Inwva=sion of the Inva=sion of the Further
colonizabd on = pithe lium blood=tream dizs=emin ation

| S —
o
= ——
0 =
& '.—i_ :
".‘.’_“ - — -_---_.:l
T T Lo
% ) A e T g
_.____:; —l
| ,__:::

I =
oA = Blood "\q} To cerebrospinal
E pith =lial wessel fluid and tissues
cell barrier

Copyright® mobdtollo. com

A — AN @



=t/

KNACCUDOUKALUMA™
MEHWUHTUTOB

- MO TEMIY PA3BUTUA
- MO TAXKECTU TEHEHNA
- MO0 NOKAJIU3ALUNN MPOUECCA

- MO NYTAM UHOPULUNPOBAHUA




Clinical features and diagnosis of acute bacterial meningitis in adults

Author: Rodrigo Hasbun, MD, MPH, FIDSA
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Deputy Editor: Jennifer Mitty, MD, MPH
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All topics are updated as new evidence becomes available and our peer review process 1s complete.

Literature review current through: Aug 2022. | This topic last updated: Mar 07, 2022.




\/- IN THE UNITED STATES, FOLLOWING THE INSTITUTION OF ROUTINE |
INFANT IMMUNIZATION WITH THE CONJUGATE HAEMOPHILUS
INFLUENZAE TYPE B VACCINE IN 1990 AND THE 7-

VALENT STREPTOCOCCUS PNEUMONIAE (PNEUMOCOCCUS)
CONJUGATE VACCINE IN 2000 (PCV7) FOLLOWED BY THE 13-VALENT
PNEUMOCOCCAL VACCINE (PCV13) IN 2010, BACTERIAL MENINGITIS
HAS DECREASED IN FREQUENCY, AND THE PEAK INCIDENCE OF
BACTERIAL MENINGITIS HAS SHIFTED FROM CHILDREN UNDER FIVE YEARS
OF AGE TO ADULTS.

S’

+ S. PNEUMONIAE REMAINS THE LEADING PATHOGEN OF COMMUNITY-
ACQUIRED BACTERIAL MENINGITIS GLOBALLY AND CONTINUES TO -/

BE ASSOCIATED WITH A HIGH MORTALITY\RATE ® QO /
or \
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Characteristic features of common causes of bacterial

meningitis

Organisim

Nelsseria
menmgitidis
StreptococcuUs
oneumoniae

L isteria
monocytogaenas

Coagulase-
negative
staphwylococci

Staphyiococcous
aureus

Gram-nagative
bacilli

Haemophilus
influenzae

Site of entry

Masopharynx

MNasopharynx,
direct extension
across skull
fracture, or from
contiguous or
distant foci of
infection

SCastrointestinal
tract, placenta

Foreign body

Bactersmia,
foreign body, skin

Yarious

Masopharynx,
contiguous spread
from local
infecticn

Age
range
All ages
All ages

Older adults
and
neonates

All ages

All ages

Older adults
and
neonates

Adults;
infants and
children if
not
vaccinated

Predisposing
conditions

Usually none, rarely
complement deficiency

All conditions that predispose
to pneumococcal bacteremia,
fracture of cribriform plate,
cochlear

implants, cerebrospinal
fluid otarrhea from basilar
skull fracture, defects of the
ear ossicle {Mondini defect)

Defects in cell-mediated
immunity (eg.
glucocorticoids,
transplantation [especially
renal transplantation]),.
pregnancy, liver dissase,
alcoholism, malignancy

Surgery and foreign body,
especially ventricular drains

Endocarditis, surgery and
foreign body, especially
vantricular drains; cellulitis,
decubitus ulcer

Adwvanced medical illness,
neurosurgery, ventricular
drains, disseminated
strongyloidiasis

Diminished humoral
imimunity



\/STREPTOCOCCUS SUIS IS AN EMERGING ZOONOSIS THAT CAUSES MENINGITIS IN ASIA AND HAS BEEN -
I MINKEDRIGIEXROS URE IO PIGS ORI RORK,

~ + DESPITE THE DECREASED MORTALITY OF MENINGITIS WITH THE ADVENT OF EFFECTIVE ANTIBIOTICS,
MORTALITY FROM MENINGITIS STILL REMAINS SIGNIFICANT. THE USE OF
ADJUNCTIVE IN PNEUMOCOCCAL MENINGITIS HAS BEEN SHOWN IN CLINICAL TRIALS
AND OBSERVATIONAL STUDIES TO DECREASE MORTALITY IN HIGH-INCOME COUNTRIES.

 HEALTH CARE-ASSOCIATED VENTRICULITIS AND MENINGITIS ARE PRIMARILY DISEASES OF
NEUROSURGICAL PATIENTS. THE MOST COMMON PATHOGENS ARE GRAM-POSITIVE BACTERIA
(EG, STAPHYLOCOCCUS, STREPTOCOCCUS, ETC) AND GRAM-NEGATIVE ORGANISMS (EG, PSEUDOMONAS,
ENTEROBACTERIACEAE, ETC). SPECIFIC RISK FACTORS FOR THE DEVELOPMENT OF HEALTH CARE-
ASSOCIATED MENINGITIS INCLUDE CRANIOTOMY, PLACEMENT OF VENTRICULAR OR LUMBAR
CATHETERS, CSF LEAK, AND HEAD TRAUMA.

« THE ORGANISM RESPONSIBLE FOR ACUTE BACTERIAL MENINGITIS DEPENDS IN PART UPON THE ROUTE
OF ACQUISITION AND UNDERLYING HOST FACTORS. THERE ARE THREE MAJOR MECHANISMS FOR
DEVELOPING MENINGITIS:

« COLONIZATION OF THE NASOPHARYNX, WITH SUBSEQUENT BLOODSTREAM INVASION FOLLOWED BY CENTRAL
NERVOUS SYSTEM (CNS) INVASION "/

« INVASION OF THE CNS FOLLOWING BACTEREMIA DUE TO A LOCALIZED SOURCE, SUCH AS INFECTIVE

ENDOCARDITIS /
« DIRECT ENTRY OF ORGANISMS INTO THE CNS FROM A CONTIGUOUS INFECTION (EG, SINUSES, MASTOID),

TRAUMA, NEUROSURGERY, A CSF LEAK, OR MEDICAL DEVICES (EG, CSF SHUNTS, INTRACEREBRAL PRESSURE

MONITORS, OR, IN CHILDREN, COCHLEAR IMPLANTS WITH POSI-'F'ION‘ERSV < /

N N\


https://www.uptodate.com/contents/dexamethasone-drug-information?search=meningitis&topicRef=1294&source=see_link
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MAJOR CAUSES OF COMMUNITY-ACQUIRED
BACTERIAL MENINGITIS

OF COMMUNITY-ACQUIRED BACTERIAL MENINGITIS
» STREPTOCOCCUS PNEUMONIAE,
» NEISSERIA MENINGITIDIS, AND,

 PRIMARILY IN PATIENTS OVER AGE 50 YEARS OR THOSE WHO HAVE DEFICIENCIES IN CELL-
MEDIATED IMMUNITY, LISTERIA MONOCYTOGENES.

OF HEALTH CARE-ASSOCIATED BACTERIAL MENINGITIS
« STAPHYLOCOCCI AND

=
« AEROBIC GRAM-NEGATIVE BACILLI.



\/ BACTERIAL MENINGITIS

'

= « PATIENTS WITH BACTERIAL MENINGITIS ARE USUALLY
QUITE ILL AND OFTEN PRESENT SOON AFTER SYMPTOM

ONSET.

 THE CLASSIC TRIAD OF ACUTE BACTERIAL MENINGITIS

CONSISTS OF

[IESEEVER,

2. NUCHAL RIGIDITY, AND
3. ACHANGE IN MENTAL STATUS, USUALLY OF SUDDEN ONSET.

HOWEVER, AN APPRECIABLE NUMBER OF PATIENTS DO NOT HAVE
ALL THREE FEATURES. =/

A e @ )



Signs of meningeal irritation

degrees. Attempt
to extend the leg
at the knee.

Signs of
meningeal Maneuver Positive test
irritation
Kernig sign Place patient The test is
supine with hip poesitive when
flexed at 90 there is

resistance to
extension at the
knee to >135
degrees or pain in
the lower back or
posterior thigh.

Brudzinski sign

Place patient in
the supine
position and
passively flex the
head toward the
chest.

The test is
positive when
there is flexion of
the knees and
hips of the
patient.

Jolt accentuation
of headache

Patient rotates
his/her head

horizontally two
to three times per
second.

The test is
positive if the
patient reports
exacerbation of
his/her headache
with this

mariglpFoDate|
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\/ BACTERIAL MENINGITIS

’ INITIAL BLOOD TESTS SHOULD INCLUDE
« ACOMPLETE BLOOD COUNT WITH DIFFERENTIAL AND PLATELET COUNT AND

« TWO AEROBIC BLOOD CULTURES OF APPROPRIATE VOLUME (IDEALLY, PRIOR TO THE INITIATION OF
ANTIMICROBIAL THERAPY).

SERUM ELECTROLYTES AND GLUCOSE, BLOOD UREA NITROGEN, AND CREATININE CONCENTRATIONS ARE
HELPFUL IN DETERMINING THE CEREBROSPINAL FLUID- (CSF) TO-BLOOD GLUCOSE RATIO.

COAGULATION STUDIES MAY BE INDICATED, ESPECIALLY IF PETECHIAE OR PURPURIC LESIONS ARE NOTED.

BLOOD CULTURES ARE OFTEN POSITIVE AND CAN BE USEFUL IN THE EVENT THAT CSF CANNOT BE OBTAINED
BEFORE THE ADMINISTRATION OF ANTIMICROBIALS.

APPROXIMATELY 50 TO 90 PERCENT OF PATIENTS WITH BACTERIAL MENINGITIS HAVE POSITIVE BLOOD

CULTURES.
~ \/
St
N e\



Copyrights apply

Host problem

Absence of opsonizing
antibody

Asplenia: surgical or
functicnal

Complement deficiency

Slucocorticoid excess

HIW infecticon

Bacteremiasendocarditis

Basilar skull fracture

Host immune defects predisposing to

Organism
favored

Strepftococcus
oneurmoniase

Haaemophilus
mfluenzae

5. pheurmoniase
Neisseris meningitidis
N, meningitidis

Listeria
monocytogenes

Cryoptococcus
neoforimans

. neoformans

5. onewmoniae

L. monocytogeneaes

Staphylococcus
Furelds; various gram-
negative rods

5. ponewmoniae; other
upper respiratory tract
flora

HIW: human immunodeficiency virus.

meningitis

Freqguency of
defect actually
leading to
infection

Common in all age
arocups

Common in wery young
children

Rare
Wery rare
Wery rare

Rare
Rare

About 5 percent
eventually get
cryptococcal meningitis

Common presenting
illness

Rare

Rare

Very rare



\/ IMPORTANT!

=« EVERY PATIENT WITH SUSPECTED MENINGITIS SHOULD HAVE CSF OBTAINED UNLESS A
- LUMBAR PUNCTURE (LP) IS CONTRAINDICATED. A CT SCAN IS SOMETIMES PERFORMED
BEFORE LP TO EXCLUDE A MASS LESION OR INCREASED INTRACRANIAL PRESSURE,
WHICH RARELY LEADS TO CEREBRAL HERNIATION DURING SUBSEQUENT CSF
REMOVAL. HOWEVER, A SCREENING CT SCAN IS NOT NECESSARY IN THE MAJORITY OF
PATIENTS.

* A CT SCAN OF THE HEAD BEFORE LP SHOULD BE PERFORMED IN ADULT PATIENTS WITH
SUSPECTED BACTERIAL MENINGITIS WHO HAVE ONE OR MORE OF THE FOLLOWING RISK
FACTORS:

 IMMUNOCOMPROMISED STATE (EG, HIV INFECTION, IMMUNOSUPPRESSIVE THERAPY, SOLID
ORGAN OR HEMATOPOIETIC STEM CELL TRANSPLANTATION)

» HISTORY OF CENTRAL NERVOUS SYSTEM (CNS) DISEASE (MASS LESION, STROKE, OR FOCAL
INFECTION)

 NEW ONSET SEIZURE (WITHIN ONE WEEK OF PRESENTATION)
* PAPILLEDEMA

 ABNORMAL LEVEL OF CONSCIOUSNESS

 FOCAL NEUROLOGIC DEFICIT

e \/ - \./ .



\/ MORE TO KNOW

'

~ « IFLP IS DELAYED OR DEFERRED, BLOOD CULTURES SHOULD BE OBTAINED AND
ANTIMICROBIAL THERAPY SHOULD BE ADMINISTERED EMPIRICALLY BEFORE THE
IMAGING STUDY, FOLLOWED AS SOON AS POSSIBLE BY THE LP.

SN DIION, (0.15 MG/KG INTRAVENOUSLY EVERY SIX HOURS)
SHOULD BE GIVEN SHORTLY BEFORE OR AT THE SAME TIME AS THE ANTIMICROBIAL
AGENTS IF THE PREPONDERANCE OF CLINICAL AND LABORATORY EVIDENCE
SUGGESTS BACTERIAL MENINGITIS WITH A PLAN TO STOP THERAPY, IF INDICATED,
WHEN THE EVALUATION IS COMPLETE.

» ADJUNCTIVE DEXAMETHASONE SHOULD NOT BE GIVEN TO PATIENTS WHO HAVE
ALREADY RECEIVED ANTIMICROBIAL THERAPY BECAUSE IT IS UNLIKELY TO IMPROVE
PATIENT OUTCOME.

e \/ - _\‘J\


https://www.uptodate.com/contents/dexamethasone-drug-information?search=meningitis&topicRef=1287&source=see_link
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</ CSF e

S’

THE USUAL CSF FINDINGS IN PATIENTS WITH BACTERIAL MENINGITIS ARE

A WHITE BLOOD CELL (WBC) COUNT OF 1000 TO 5000/MICROL (RANGE OF
<100 TO >10,000) WITH A PERCENTAGE OF NEUTROPHILS USUALLY GREATER THAN
80 PERCENT,

PROTEIN OF 100 TO 500 MG/DL (1000 TO 5000 MG/L), AND

GLUCOSE <40 MG/DL (2.22 MM/L; WITH A CSF:SERUM GLUCOSE RATIO OF
<0.4).

DESPITE THESE TYPICAL CSF FINDINGS, THE SPECTRUM OF CSF VALUES IN BACTERIAL -

MENINGITIS IS SO WIDE THAT THE ABSENCE OF ONE OF MORE OF THE TYPICAL FINDINGS

IS OF LITTLE VALUE. ~—*
> %

"/ | J
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Typical cerebrospinal fluid findings in central nervous system infections¥*

Glucose (mg/dL)

10 to 4048

Bacterial
meningitis

Protein (mg/dL)

100 to
500

Bacterial
meningitis

50 to 3005

wWiral meningitis

Mervous system
Lyrmme disease
(neuroborreliosis)

Encephalitis
MNeurosyphilis

TB meningitis*

Total white blood cell count
{cells,/ microlL)

>1000

Bacterial
meningitis

100 to
1000
Bacterial or

wviral
meningitis
TB
meningitis

5> to 100

Early
bacterial
meningitis

wWiral
meningitis
Meurosyphilis

B
meningitis

<1017
More Bacterial
COoOMmImMmon meningitis
Less B
COoOMmInmon meningitis
Fungal

meningitis

TEB: tuberculosis; LCMW:

Meurosyphilis

Some wviral
infections
{(such as
mumps and
LMW

Early bacterial
meningitis

Iymphocytic choriomeningitis wvirus.

Some
cases of
muMmps
and LCHMW

Encephalitis

Encephalitis

* It is important to note that the spectrum of cerebrospinal fluid values in bacterial Mmeningitis is so wide that

the absence of one or more of these findings is of little value. Refer to the UpToDate topic reviews on bacterial
meningitis for additional details.

TN =<—0.& mmol/SL.
N 0.6 to 2.2 mmol/SL.
< 1 to 5 g/fL.

§ 0.5 to 3 g/L.

¥ Cerebrospinal fluid protein concentrations may be higher in some patients with tuberculous Mmeningitis;
concentrations >500 mg/,dL are an indication of blood-brain barrier disruption or increased intracerebral
production of immunoglobulins, and extremely high concentrations, in the range of 2 to & g/dL, may be found
in association with subarachnoid block.



- N/
\/ACUTE BACTERIAL MENINGITIS SHOULD BE
SUSPECTED i

IN ADULTS WHO PRESENT WITH FEVER AND SIGNS OF MENINGEAL INFLAMMATION.

« ISOLATION OF A BACTERIAL PATHOGEN FROM THE CSF (BY CULTURE OR OTHER
DIAGNOSTIC TECHNIQUES) CONFIRMS THE DIAGNOSIS OF BACTERIAL MENINGITIS.
ISOLATION OF BACTERIA FROM BLOOD CULTURES IN A PATIENT WITH CSF
PLEOCYTOSIS ALSO CONFIRMS THE DIAGNOSIS, EVEN IF THE CSF CULTURE REMAINS
NEGATIVE.

 THE CLINICAL AND LABORATORY FINDINGS OF BACTERIAL MENINGITIS OVERLAP WITH
THOSE OF MENINGITIS CAUSED BY VIRUSES, MYCOBACTERIA, FUNGI, OR PROTOZOA.
DIFFERENTIATION OF THESE DISORDERS FROM BACTERIAL MENINGITIS REQUIRES ®
CAREFUL EXAMINATION OF CSF PARAMETERS, NEUROIMAGING (WHEN INDICATED), AS
WELL AS CONSIDERATION OF ANY EPIDEMIOLOGIC FACTORS THAT WOULD RAISE THE
POSSIBILITY OF SPECIFIC BACTERIAL OR NONBACTERIAL CNS INFECTIONS.
)\

"/ | J
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Characteristic features of commm on causes of bacterial

meningitis

Organismm

Nelfssaeria
mrenimgriidirs
Streptococcus
oneurmoniiase

I rsteris
monocytogenaes

Coagulase-
negative
staphwylococci

Staphviococcwus
Sureus

Sram-nmagative
bacilli

Hasemopfiilus
inffuvenzae

Site of entiry

Masopharymx

Masopharyrnx,
direct extension
across skull
fracture, or frorm
Ccontiguous or
distant foci of
iNnfecticmn

Sastrointestinal
tract, placenta

Forsign body

Bactersmia,
foreign body, skin

Warious

Masopharyrmnx,
contiguous spread
from local
iNnfection

Age
ranoge

Al ages

All ages

O lder adults
and
mneonates

All ages

All ages

O lder adults
and
mneonates

Aodults;
infants and
childrern if
Mmoot
waccinated

Predisposing
conditions

Usually mnone, rarely
complement deficiency

Al conditions that predispose
to pneumococcal bacteremia.

fracture of cribriform plate,
cochlear

implants, cerebrospinal
fluid otorrhea from basilar
skull fracture, defects of the
ear ossicle (Mondini defect))

Drefects in cell-mediated
inmrmunity (eg.
glucocorticoids,
transplantation [especially
renal transplantation]).
pregrniancy, liver dissase,
alcoholism, malignancy

Surg=ry and foreign body,
especially ventricular drains

Endocarditis, surgery and
forsign body, espaecially
weaentricular drains; cellulitis,
decubitus ulcer

Adwvanced medical illness,
Nneurosurgery,. ventricular
drains, disseminated
strongyloidiasis

Diminished hhamoral
I ity



Managsment algorithm for adults with suspected bacterial meningitis

Suspicion for bacterial meningitis

v

Immunocompromise, history of CHS disease, new onset seizure,
papilleedema. altered consciousness,. or focal neurclogic deficit

Mo l i Tes

Blood cultures and Blood cultures STAT
lumbar punciure STAT ‘L

4

Dexamethasona® + empiric
antimicrobial therapy T4

v v

Drexamethasone * 4+ emipiric
antimicrobial therapy Tl

CSF findings Parformm CT scan
consistent with f of the head
bacterial meningitis +
|
Mo Tas Contraindication for
lumbar puncture
Consider Positive CSF M I s
altermative diagnosis Sram stain i i
|
Mo Tes Perform lumbar Continue therapy
purncture for bacterial
Continue dexamethasona* Continue dexamethasonae * meningitis &
+ empiric antimicrobial therapy T + targeted antimicrobial therapy < ar
consider
alternative
diagnosis

"STAT" indicates that the intervention should be done smergently.
CINS: central nervous syvstem; COS5F: cerebrospinal fluad; COT: computed tomography.
= BEefer to UpTolDate topic review on dexamethasones to prevent neurologic complications of
bacterial meningitis 1 adults for specific recommendations.
' Fefer to UUpToDate table on recommendations for empinc antimicrobial theraps for purulent
meningitis based on patient age and specific predisposing condition.
A Admanister dexamethasone and antibiotic therapy immmediatelsy after COSFEF 1s obtained.
o Flefer to UpToldate table on recommendations for antimicrobial therapw in adults with
presumptive pathogen identification by positive (Gram stain.
& If the diagnosis of bacterial meningitis 1s likkelw.
MModified with permuission from: Tunkel AR Hartman BJ, Kaplan 5L, et al. Pracrice guidelines
for the management of bacternal meningitis. Clin Infect Das 2004 391267 . Copyright & 22001
TTnawversity of Chicago Press.
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Initial therapy and
prognosis of bacterial
meningitis in adults
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® Bacterial meningitis is a medical emergency, and immediate
steps must be taken to establish the specific cause and initiate
effective therapy. The mortality rate of untreated disease
approaches 100 percent and, even with optimal therapy,

there is a high failure rate.

elf possible, crucial historical information (eg, serious drug
allergies, recent exposure to an individual with meningitis)
should be obtained before antibiotic treatment of presumed

bacterial meningitis is instituted.
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® As part of empiric therapy for adults in the developed world with suspected bacterial meningitis in whom the
organism is not yet known, we recommend administration of dexamethasone (Grade 1B). Adjunctive
dexamethasone should be given shortly before or at the same time as the first dose of antibiotics, when
indicated. Dexamethasone should be only continued if the CSF Gram stain and/or the CSF or blood cultures
reveal Streptococcus pneumoniae. The indications for dexamethasone for patients with suspected or confirmed
bacterial meningitis in the developing world depend on the patient population and are discussed in detail
elsewhere.

®Once the CSF Gram stain results are available, the antimicrobial regimen should be tailored to cover the most
likely pathogen. If the CSF findings are consistent with the diagnosis of acute bacterial meningitis but the Gram
stain is negative, empiric antibiotic therapy should be continued.

®The antibiotic regimen should be modified further, when indicated, based on the CSF culture and susceptibility
results.

®Cessation of antimicrobial therapy is not recommended in patients who have received prior or are receiving
concurrent antimicrobial therapy with a negative CSF culture and who are suspected of having bacterial
meningitis based on clinical and laboratory findings (eg, CSF pleocytosis). The choice of antimicrobial regimen
and duration of administration should be individualized based on risk factors and likely infecting pathogens.
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Recommendations for empiric antimicrobial therapy for purulent
meningitis based on patient age and specific predisposing condition*

Predisposimng
factor

Age

Common bacterial
pathogens

Antimidicrobial thherapwy

=1 month

1 to 22 months

2 to 50 yvears

=50 ywvears

Streptococcuws agalsctise, Escherrchrs
coli, Listeris monocyitogenaes

Strepltococclys DRaeLrmonniase, Neissaeri=a
mreningrtidrs, S agsiactiae,
Haermoofifus influensae, £, coli

Lo mrerfngitidis, S, pnewurrmonise

= prreurmortiase, N, rmervingiticdis, .
mronocytogenas, aserobic grarm-
negative bacilli

Aompicillim plus cefotaxime; OR
ampicillin plus an aminocglycoside

wancomycin plus a third-generaticn
cephalosporin &<

wancomycin plus a third-generaticn
cephalosporin ™ & <

wWancomycin plus ampicillimn plus &
third-generation cephalosporin &

Head traurma

Basilar skull fracture

Penstratimg traurma

Fosineurosurgenry

= ponewrmnoriiae,. H. imfluenzse, group
A beta-hemolytic streptococci

Stasohwiocococus aurreus, coagulase-—
negative staphwvlococci (espaecially
Stasophyvlococcus epidernayways), aserobic
gram-negative bacilli {including
Poewdormonas Seruginosa))

Aerobic gram-negative bacilli
{imncluding f. aeruginosa), S, 3wrawus,
coagulase-negative staphylococci
(especially S. epiderrmididis)

wWancomycin plus a third-generation
cephalosporin™ &

Wancomycin plus cefepime; OR
wancomyCin plus ceftazidime:; OR
wancormyCinm plus meraopensernm

wWancomycin plus cefepime; OR
wvancomy<in plus ceftazidime; OR
wvancomycin plus meaeropensm

LEW FVY L FOCO R P rormised

sSstate

= For recommeaendead doses,

children and adults.

S, pnewurmnortiae, N, o mertingiticais, .
monocytogenes, aerobic gram-
negative bacilli {including ~.
Serginosa )

wancomycin plus ampicillin plus
cefepime; OR wancomycin plus
meropenern s

refer to the UpToDate content on treatment of bacterial mMmaningitis imn

N Cefriaxone or cefotaxirme.

S Some expeaerts would add rifampin

if dexamethasone is also given.

<= Add ampicillin if meningitis caused by Listeria monocyitogernes is suspectaed.

s Meropenamm prowvides sufficient coverage for Lisferia when used as part of an initial regimen.
Howewer, if Listeriz is identified, the patient should generally be switchead to a regimen that includes
ampicillin., Refer to the UpTobDate topic that discusses treatment of Listeris for a discussion of regimen
selection.
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Recommmendations Ffor anmntiTmicrobial therapy of
bacterial meningitis im adults vwith presumptive
Pprathogen identification by positive Gram staim*

- - Raecormmmeerncd e Adtermnatiwve
MicCrooOorogarisrT -
therrapw therapies
Strepiococoiul s WancomiycCimn plus & Fluoroguinolome =
Fam P BN o i W = third-—generatiomn

cephalosporim™ &

Nerssaerya mrerninagriiagis Third-genceratiom Chlocramphemnicol,
cephalosporim™ fluocroguwuinolome,
aztrecnarm

frsteris mornocyiogeies Ampicillim'd or penicillin Trimethoprirm—
GE sulfamethoxazole
HoaerrTropopirlius rnnffuoensse T hird-genceratiom Chloramphemnicol,
cephalosporim™ Ccefepirmeae., Mmiercopaensrr,

fluoroguwinolome

= For recommeaendsasd dosages, refer to the UpToDDate table omn recommends=d
imntravenous dosages of amntimiicrobial thherapy for aduults with bacterial
rmeningitis.

N Ceftriaxone or cefotbtaxirme.
S Sorme experts would add rifamipin if dexamethasones is also givweanrn.

<= Moxifloxacin is recormmendeaed giwven its excellent cersbrospimnal fluid
pencetration amd imn witro activity against StreofococCClls e lirmaoriiae,
althouwugh therse are Mmoo Clinmical data awailable. IFf used, many authorities wowuld
cormibime moxifloxacimn with wvancormmiycimn or a Third-gemneration cephalospoarim
{cefotaxirme or ceftriaxorns7).

s Asddition of amn aminoglycoside should be considerad .
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Recommmendead intravenous dosages of antimicrobial therapy for adults wvwith bacterial
meningitis vwho have mormal remnal and hepatic funNnction

Aantimicrobial agent Dose {adualt)

Armikacinm 5 maskg ewvery 8 hourss

Apmypicillinm 2 g every =+ hours

AFtrecrnarm 2 g every & to 8 hours

Cefaepime 2 g every S hours

Cefotaxinme 2 g every < to & hours

Ceftazidirme 2 g every S hours

Ceftriaxone 2 g every 12 hours

Chilocramphenicol 1 to 1.5 g every & hoursT

Ciprofloxacin o0 Mg ewesery 8 to 12 hours

Sentarmicin 1.7 maSkg every 8 hourss

Meropererm Z2 g ewvery 8 hours

Moxifloxacin 400 Mg ewery Z<4 hoursS

raftcillir 2 g Iw ewvsery <t hours

Crxcacillim 2 g Iw ewsery <3 hours

Penicillim G potassiurm =3 miillion units every < hours

Rifarmpin SO0 Mg ewery 2<4 hours <

Tobrarmycinmn 1.7 ma kg every S hours=>

Trimethopriim-—sulfamethoxazole (cotrimoxazole) S maskg every 8 hoursSsS >

WA IOy Cir 15 to 20 moskg every S to 12 houwurs= T
I : imtravenously: MRSA: meaethicillin-resistant Stasophyviococcus Swrens; IDSA: Infectious Diseases Society of Armeaerica.

= Dose based on ideal body weight or dosing weight except in undermneweight patients. A calculator for ideal body weight and dosing
wweight is awvailable in UpToDate. Dosags and interval must be individualized to produce a peak ssrum concentration of 7 to 9 mgs L
and trough <=1 to 2 mgslL for gentamuicin or cobramycimn and a peak of 25 to <940 masL and crough <-4 to 8 maoags L for amikacin. For
additional information, refer to the UpTolDate topic omn aminoglyvcosides.

M The higher dose is recommeandead for patients with pmneumococcal rmeningitis .
M Mo data on optimal dosage mneaeded im patients with bacterial meningitis.

< For the treatrment of MRSA meningitis, the IDSAa suggests a rifamipin dose of 00 mg orally once daily or 300 to S50 mg twwice
daily. [ 1]

5 Dosage is based on thhe trimethoprim compomnmaemnmt.

¥ WWe administer trimethoprim-sulfamethoxazole at a dose of S maskg (based on the trimethoprimm component) IWwW swvery 8 hours in
patients with mnormmal renal functicmn. Howeaswer, there are limited data on the preferred dosing imnterval, and in case reports, thhe dose
of trimethoprim-sulfamethoxazole has been administered anmnywhere from every & to every 12 howurs. For the treatment of MRSS
rmeningitis, the IDSA suggests a trhimethoprim-sulfamethoxazole dose of S mas kg {based on the torimethoprim component}
imtravenously twice or three times daily. L1131

+= For treatment of mMmeningitis due to pathogens other than S, swrews, the vancomiycin dose should mot exceed 2 g per dose or a
total daily dose of 60 maslkg. Adjust dose to achiewve vancomiycin serurm trough concentrations of 1S5 to 20 mcg;’mL.[lj

+ For treatment of meningitis due S. gwrews, a wvancomycin loading dose (20 to 25 maoaskg) is appropriate; L2]1 within this range, we
use a higher dose Ffor critically ill patients. The loading dose is based on actual body weight, rounded to the mnearest 250 mig
increment amnd Nnot exceeding 000 mg. The initial maintenance doss and imnterval are determined by mnomogram (typically 1S to 20
mMmaslkkg every 8 to 12 houurs for most patients with mnormal renal function). Subseguaent dose and interval adjustments are based on
S —guided or trough-guided serum concentration monitorimng. Refer to thhe UpTolDate topic omn wancormycin dosimng for a sample
mnomoaogran anmnd discussion of wvancormycCin monitorimg .

Referaernce:
T. Lite . Bayer A, Cosgrowve SE. et ai.

St Stap focooows Sureus fmfectyons

2. Rybak M Le J Lodise T/, et @i Theraoeoutic ey O RO ouT i for Seriowns ? i fococcws Aoreos Infectiorrs:s A
sed Comnmsensous gelfime S Review ca2 Sociely of Healtfhh- Sy sterry Plhrar T Diseases Socie of Armerioa, Dfhe

fC Infectious Diseases Society,. and the Soclefty of Infectious Dseases Pharmm sEs. Trel #. fefy Swst Pharm 20200 FII8F5.
o FrorTs Tombcel AR, Hortman 8BI, Kapizn S et ol Procty f e marnagentent of Bacterial mreninag ifis.

B b & 200 Uinivers

i fnfect Dis

Pricagoe Press.
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Recommmendations for specific antimTmicrobial therapy of bacterial meningitis in adults based on isolated
Ppathogen and susceptibility testing

Microorganism, susceptib

Stanmndard thherapw Adlrermative therapies™

Copyrights apply

Streptococculs praewuwnnrtTroniae
Penicillim MIC

=0_.06 mocgsrmil

=0.12 mcgsSmmb

Third-genaeration cephalosporing pIC =<1

mcgs bl

Third-generation cephalosporin® pMIC =1

mcgs ikl
Nefsseria mreningitiais
Penicillim MIC

=<0O.1 mcgsSmmibl

0.1 to 1.0 mocgsSml
L isteris monocytogeres

Streptococcus sgsiactiae {group B
Strepotococcids)

Escherichiis coli and other Enterobacteriaceas™

Psewudormonas aeruginosa =

Acinetobacter baurmanniir

Haermropfiflus fnffuenssse

Beta-lactamase negative

Beta-lactamase positive

Staphylfococows Swrews
rMethicillim susceptible

Methicillin resistant

Srtaphyvifococcocws epiderimmiidis
Enterococcus species
susceptible

resistant

and vancomycin resistant

MIC: minimum inhibitory concentration.

=+ For recommended dosages, refer to the UpToDate table on the recommended

meningitis.

Paenicillin G or ampicillin

Third-generation cephalosporin

Wancomycin plus a third-generation

cephalosporin S <

Panicillin G or ampicillin

Third-generation cephalosporin

imn G*

Ampicillin® or penic

Ampicillin or penicillimn &
Third-generation cephalosporin

Cefepime or ceftazidime

Meropenen

Aampicillinm

Third-generation cephalosporin

rMafcilliln or oxacillin

WAooy i =

WanNncCormy Cin ==

Aampicillin plus gentamicin
Wancomycin plus gentamicin

Linezolid

Third-generation cephalosporin £
chloramphenicol

Cefepime,., meropenam

Fluorcquinoclonaes

Third-generation cephalosporins,
chloramphenicol

Fluoroguinoclone, Mmercpenam, chlocramphenicol
Trimethoprim-sulfamethoxazole

Third-generation cephalosporin

Artreonam,. fluorcoguinolone, Mercopensrm.,.
trimethoprim-sulfamethoxazole, amp illirm

MAztreonam, ciprofloxacin, mercopsensrm

Colistimn {usually formulated as colistimethate
sodium} T aor polymyxin BT

Third-generation cephalosporin®, cefepime.
fluorcqguinolonse, aztreonamm, chloramphenicol

Cefepime. fluorcoguinolons, aztrecnan.
chloramphenicol

wWancormycin, meropenerm, limnezolid, daptormycin

Trimethoprim-sulfamethoxazole, linezolid,
daptormy cin

Limnezolid

iNntravenous doses of antimicraebial therapy for adults with bacterial

T Theaere may not be clinical data to support all recommendations for altermnative antibiotics in patients with bacterial meningitis, but specific agents

are recommmended based on cerebrospinal fluid

S Ceftriaxone or cefotaxime.

(CSF) penetration in experimmental animal

< Consider addition of rifampin if the MIC of ceftriaxxone is =2 mocgsSrml.

£ Moxifloxacin is recommmeandead given its excellant CSF pensetration and

models and

in wvitro activity against the offending corganism .

im witro activity against Streptococcuws praewnmtoniae, although there are no

climical data awvailable. If used., Mmany authorities would combine Mmoxifloxacin with vancomycin or a third-generation cephalosporin (cefotaxime or

ceforiaxone) .
2 Aaddi

= Choice of a specific antimilcrobial regimen must be guided by in vitro susceptibility test results.

+ Should be administered not only by thhe intravenous route

#=+= Cconsider addition of rifampin.

ion of anmn aminoglycoside should be considered.

but also by the intrawventricular or intrathecal

route.




Treatment of bacterial
meningitis caused by
specific pathogens in

adults
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Among adults with bacterial meningitis in the United States, Streptococcus pneumoniae and Neisseria
meningitidis are the most common infecting organisms.

eThere are a number of general principles of antimicrobial therapy in patients with bacterial meningitis. The most
important initial issues are avoidance of delay in administering therapy and the choice of drug regimen.

eFor the initial therapy of S. pneumoniae, we recommend plus either or rather
than a third-generation cephalosporin alone ( ). In countries where the incidence of ceftriaxone-resistant
pneumococcus is <1 percent, it is appropriate to use ceftriaxone monotherapy for empiric coverage although some
authorities would recommend continuation of dual therapy until the results of in vitro susceptibility testing are
available.

-If the isolate is proven to be susceptible to penicillin (minimum inhibitory concentration [MIC] <0.06 mcg/mlL),
monotherapy with or can be used. It is also reasonable to continue therapy with a third-
generation cephalosporin alone instead of changing to penicillin or ampicillin, given the excellent efficacy, convenient
dosing, and affordability of these agents.

°If the isolate is resistant to penicillin (MIC >0.12 mcg/mL), but susceptible to third-generation cephalosporins (MIC
<1.0 mcg/mL), either or should be used.

If the isolate is resistant to both penicillin and third-generation cephalosporins, plus a third-
generation cephalosporin should be continued for the total duration of therapy
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https://www.uptodate.com/contents/vancomycin-drug-information?search=meningitis&topicRef=1283&source=see_link
https://www.uptodate.com/contents/ceftriaxone-drug-information?search=meningitis&topicRef=1283&source=see_link
https://www.uptodate.com/contents/cefotaxime-united-states-limited-availability-drug-information?search=meningitis&topicRef=1283&source=see_link
https://www.uptodate.com/contents/grade/2?title=Grade%201B&topicKey=ID%2F1283
https://www.uptodate.com/contents/penicillin-g-intravenous-and-short-acting-intramuscular-drug-information?search=meningitis&topicRef=1283&source=see_link
https://www.uptodate.com/contents/ampicillin-drug-information?search=meningitis&topicRef=1283&source=see_link
https://www.uptodate.com/contents/cefotaxime-united-states-limited-availability-drug-information?search=meningitis&topicRef=1283&source=see_link
https://www.uptodate.com/contents/ceftriaxone-drug-information?search=meningitis&topicRef=1283&source=see_link
https://www.uptodate.com/contents/vancomycin-drug-information?search=meningitis&topicRef=1283&source=see_link

The dosing for patients with normal renal function is:
: - 15 to 20 mg/kg intravenously (IV)
every 8 to 12 hours (not to exceed 2 g per dose or a
total daily dose of 60 mg/kg; adjust dose to achieve
vancomycin serum trough concentrations of 15 to 20
mcg/mL)

- — 2 g IV every 12 hours

- - 2 g IV every four to 6 hours

- - 4 million units IV every 4 hours

- -2 g IV every 4 hours
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For the initial therapy of N. meningitidis, we recommend a third-generation cephalosporin, such
as or , rather than penicillin, while awaiting susceptibility data ( i
If the isolate is susceptible to penicillin, either a third-generation cephalosporin or penicillin may
be used to complete the course of therapy

eThe preferred regimens for other causes of bacterial meningitis are discussed above.

eThe optimal regimens for patients with severe drug allergies depends upon the organism.

e\accines against N. meningitidis and S. pneumoniae are recommended for adults at increased
risk of these infections.

eThere is a role for postexposure chemoprophylaxis to prevent spread of meningococcal

and Haemophilus meningitis under certain circumstances.

eFor patients with a basilar skull fracture and a CSF leak, we recommend against using
prophylactic antimicrobials ( ). If the CSF leak persists for >7 days, an attempt should be
made to repair it. Patients with a CSF leak (due to either basilar skull fracture or another cause)
should receive pneumococcal vaccination.

Copyrights apply


https://www.uptodate.com/contents/cefotaxime-united-states-limited-availability-drug-information?search=meningitis&topicRef=1283&source=see_link
https://www.uptodate.com/contents/ceftriaxone-drug-information?search=meningitis&topicRef=1283&source=see_link
https://www.uptodate.com/contents/grade/3?title=Grade%201C&topicKey=ID%2F1283
https://www.uptodate.com/contents/grade/2?title=Grade%201B&topicKey=ID%2F1283

S

= '
w PCR TESTING FOR THE DIAGNOSIS OF
—— HERPES SIMPLEX VIRUS IN PATIENTS WITH -~
~ ENCEPHALITIS OR MENINGITIS

* ALTHOUGH ENCEPHALITIS IS A RARE COMPLICATION OF HERPES SIMPLEX VIRUS (HSV) INFECTION, HSV IS THE MOST COMMON CAUSE OF NONEPIDEMIC,
SPORADIC, ACUTE FOCAL ENCEPHALITIS IN THE UNITED STATES.

* PRIOR TO THE WIDE AVAILABILITY OF MOLECULAR TESTING METHODOLOGY, BRAIN BIOPSY WAS CONSIDERED THE "GOLD STANDARD" FOR THE DIAGNOSIS
OF HERPES SIMPLEX VIRUS ENCEPHALITIS; HSV WAS IDENTIFIED IN TISSUE BY CELL CULTURE OR IMMUNOHISTOCHEMICAL STAINING. ALTHOUGH BRAIN BIOPSY
HAS A SENSITIVITY OF 99 PERCENT AND A SPECIFICITY OF 100 PERCENT, IT REMAINS AN INVASIVE PROCEDURE AND THE RESULTS MAY NOT BE AVAILABLE FOR
SEVERAL DAYS. CULTURE AND SEROLOGIC TECHNIQUES ARE NOT GOOD ALTERNATIVES BECAUSE THEY HAVE LOWER SENSITIVITY AND SPECIFICITY THAN
BRAIN BIOPSY.

* POLYMERASE CHAIN REACTION (PCR) TESTING ON CEREBROSPINAL FLUID (CSF) OFFERS RAPID RESULTS WITH HIGH SENSITIVITY AND SPECIFICITY OF 98 AND
94 PERCENT, RESPECTIVELY, WHEN COMPARED WITH BRAIN BIOPSY SPECIMENS. DETECTION OF HSV DNA IN CSF BY PCR HAS BECOME THE STANDARD FOR
THE DIAGNOSIS OF HERPES SIMPLEX VIRUS ENCEPHALITIS IN ADULTS AND NEONATES.

* PCR TESTING IS POSITIVE EARLY IN THE COURSE OF THE ILLNESS (WITHIN THE FIRST 24 HOURS OF ONSET OF SYMPTOMS) AND REMAINS POSITIVE DURING
THE FIRST WEEK OF ANTIVIRAL THERAPY

*  MOST HSV PCR ASSAYS REQUIRE BETWEEN 0.5 AND 1 ML OF CSF FOR HSV TESTING. SPECIMENS ARE STORED REFRIGERATED OR FROZEN UNTIL TESTING IS
PERFORMED.

e HSV PCR RESULTS SHOULD ALWAYS BE INTERPRETED WITHIN THE CONTEXT OF THE CLINICAL PRESENTATION OF THE PATIENT. IF TESTING RESULTS DO NOT
CORRELATE WITH THE CLINICAL IMPRESSION, REPEAT TESTING SHOULD BE PERFORMED. /

* HSV CAN ALSO CAUSE ASEPTIC MENINGITIS, A SELF-LIMITED DISEASE USUALLY ASSOCIATED WITH HSV TYPE 2 INFECTION. THE PREFERRED DIAGNOSTIC TEST
FOR PATIENTS WITH SUSPECTED HSV MENINGITIS IS PCR TESTING ON CEREBRAL SPINAL FLUID.

A e e )



« MPOAPOMA/IbHbIN NEPUOA
* NMEPNOAO PASOPAKEHNA LIHC

* MEPMOA, MAPE3OB U MAPAJTUYEN




- SHUEDANUTHI

e SHUEDPANIUT - BOCNANEHUE TOZTOBHOIO
MO3TA, KOTOA MMEKOTCA RJTMHUYECKUE

N NATO/ZIOTOAHATOMWNYECKUE MNMPU3HAKU
BOB/IEYEHUA B UHOEKLMOHHbIN
[MPOLECC TEMWUC®EP TO/IOBHOIO MO3TA,
CTBOJIA MO3TA N MO3XKEYKA.




JHUEPATNTDI

—4
Puc. 2. MPT GonsHoro © sHUShaniToM, BE3EEHHEM BHDYCOM
mxopanen danagHoro Huna,
1 - KOPCHAPHEIA CH23, BLRENRICTCR FEYCTOPOHHME CUSMH B BEMXHIE
OTHENEX CTEONS MONOBHOM MOSE, TARIMYCE, OASINEHEN TEHITHI, CJ
2 - BKCHANEHEIA CPE3, NEYCTODOHHKE DUErM B YEPHOR Cy BCTEHLAM

Puc. 1. MPT ronoexsoro moara GonsHoro aHuedandTom,
ELIZEAHHEIM BMDYCOM repneca 1-ro Tuna. BuAenaeTcs

BCHMMETDHYHOE NOPaXeHHs oDeuK BRCOYHLN 00N, Bo3BpauieHue HEI\/JIpOMH(I)eKLI,Ml‘;I B K/JIMHUKY.

KoTtos C.B., Enncees C.B.,KoTtos A.C.

Gonswe cnpass

e PMX 2015;12:656

= N\ Y



TICK BORNE
ENCEPHALITIS
AND LYME
DISEASE




. Bupyc knemesoro 3H1edamra (drasupyc)
"
HenpamuHnasa (NA)
PHK

BUPYC KJIELLEBOIO 3HUEPATUTA

nunuaNan
quuwxa

PO/, : FLAVIVIRUS (TPYNMA B)
CEMEWCTBO: TOGAVIRIDAE

JKOJTIOTMYECKAA TPYTINA:ARBOVIRIDAE

3 BUIA:

‘MaTpUKCHbIR Genok

HyKkneoxancua membpanb

NANTBHEBOCTOYHbI

YPANNO-CUBUPCKUA

3ANAOHbBIN




y / 4

TpaHcdaszHaa nepegadva

Cxema
UupKynsuuu

JINUMHKA Humdpa My>XCKana ocobb supyca

0,5mMmm 1,5Mmm euwa Ix. ricinus
2.5-3,5MM Kjieulyeaeoco

3Hyeganuma
8 NMpUPOJHOM
o4yaze

TpaHCOBa pUaribHaA
- nepegada
ANLO s

>XXeHCckKkana ocobb
neuwia Ix. ricinus

A0 KpOoBOoCOCaAaHwV1A nocociyie KposococaHumna
3,5-4,5mmMm AO 10MMm

= e N\ S



\_/ - MYTU NEPEOAYN KD

'

L

e TPAHCMWCCUBHbIV
 AJIUMEHTAPHbIN




MaToreHes 3aboneBaHus

q 4
Replication in other
organs and tissues

]

Blood-brain barrier




bﬂ/ h—4
\jB{E EBAEMOCTb K/ELLEBBIM SHLEPAIUTOM B
POCCUNUCKOWN PEAEPALNN

3ab0nepaeMOCTE KNCWCDLIM IHUeDANUTOM, KON-00 wenonex wa 100 000 macenemun

A [ [ Jio20 20«40 B conce 40

encephalitis.ru '
S 9\ Y



" PECMYB/IMKA BALUKOPTOCTAH — SHAEMWYHbINA
> PEFMOH [18 KNELLEBOTO SHUEDAINTA

- 42 PAVIOHA PB SHAEMMWYHbI
[/19 KNELLEBOrO SHUEDASIUTA
- 30HA HAUBOJIbLUEFO PUCKA 3APAMKEHMUSA

K3 HA TEPPUTOPUMN PB - MPEAYPANBE W HOXHbIN YPAS




NS

4
Clinical manifestations of Lyme disease

Early localized disease, occurring a few days to one month after the tick bite*
Erythema migrans - occurs in approximately 80 percent of patients

Associated symptoms and signs may include: fatigue, malaise, lethargy, mild headache, mild
neck stiffness, myalgias, arthralgias, regional lymphadenopathy

Early disseminated disease¥, occurring weeks to months after the tick bite*2
Carditis - about 1 percent of patients reported to the CDC*
Manifestations include AV nodal block, mild cardiocmyopathy or myopericarditis
Neuroclogic disease - cccurs in approximately 15 percent of untreated patients®©

Manifestations include lymphocytic meningitis, cranial neuropathy (most often facial, can be
bilateral), peripheral neurcpathy; rarely myelitis or encephalitis

Musculoskeletal invelvement - occurs in approximately 60 percent of untreated patients®
Manifestations include migratory arthralgias
Skin involvement - multiple erythema migrans lesions®, borrelial lymphocytoma (in Europe)
Lymphadenopathy - regional or generalized
Eye involvement® - conjunctivitis, iritis, choroiditis, vitritis, retinitis
Liver disease - liver function test abnormalities, hepatitis
Kidney disease - micrchematuria, asymptomatic proteinuria
Late disease¥, occurring months to years after the tick bite*

Musculoskeletal symptoms - approximately 60 percent of untreated patients develop
intermittent moncarticular or oligoarticular arthritis; approximately 10 percent of untreated
patients develop persistent monoarthritis, usually affecting the knee

Neurclogic disease - incidence has not been established
Peripheral neurcopathy or encephalomyelitis (both rare)

Cutanecus involvement - acrodermatitis chronica atrophicans, morphea/localized sclercderma-
like lesions (both described only in Eurcpe)

CDC: United States Centers for Disease Control and Prevention.

* Only about 25 percent of patients with erythema migrans recall the tick bite that transmitted
Lyme disease.

91 Can occur in the absence of any prior features of Lyme disease.

A The multiple erythema migrans lesions of early disseminated disease typically occur days to
weeks following infection.

< Incidence following treated erythema migrans is not known but is very low.

§ Observation based on individual case reports.
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Clinical manifestations of Lyme disease

Early localized disease, occurring a few days to one month after the tick bite*
Erythema migrans - occurs in approximately 80 percent of patients

Associated symptoms and signs may include: fatigue, malaise, lethargy, mild headache, mild
neck stiffness, myalgias, arthralgias, regicnal lymphadencpathy

Early disseminated disease’, occurring weeks to months after the tick bite*2
Carditis - about 1 percent of patients reported to the CDC®
Manifestations include AV nodal black, mild cardicmyopathy or mycpericarditis
Neurclogic disease - occurs in approximately 15 percent of untreated patients®

Manifestations include lymphocytic meningitis, cranial neuropathy (most often facial, can be
bilateral), peripheral neurcpathy; rarely myelitis or encephalitis

Musculoskeletal invalvement - occurs in approximately 60 percent of untreated patients®
Manifestations include migratory arthralgias
skin involvement - multiple erythema migrans lesions2, borrelial lymphocytoma (in Europe)
Lymphadenopathy - regicnal or generalized
Eye involvement® - conjunctivitis, iritis, choroiditis, vitritis, retinitis
Liver disease - liver function test abnormalities, hepatitis
Kidney disease - micrchematuria, asymptomatic proteinuria
Late disease’, occurring months to years after the tick bite*

Musculoskeletal symptoms - approximately 60 percent of untreated patients develop
intermittent monoarticular or oligoarticular arthritis; approximately 10 percent of untreated
patients develop persistent monoarthritis, usually affecting the knee

Neurclogic disease - incidence has not been established
Peripheral neurcpathy or encephalomyelitis (both rare)

Cutaneous invelvement - acrodermatitis chronica atrophicans, morphea/localized scleroderma-
like lesions (both described only in Eurcpe)

CDC: United States Centers for Disease Control and Prevention.

* Only about 25 percent of patients with erythema migrans recall the tick bite that transmitted
Lyme disease.

9 Can occur in the absence of any prior features of Lyme disease.

A The multiple erythema migrans lesicns of early disseminated disease typically occur days to
weeks following infection.

¢ Incidence following treated erythema migrans is not known but is very low.

§ Observation based on individual case reports.
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Neurologic disease

*Acute neurologic disease, such
as:Cranial nerve palsy (eg, facial
nerve palsy)

*Meningitis

*Radiculoneuropathy (early
disseminated disease)

Severe neurologic disease, including
encephalitis

Carditis

TREATMENT OF LYME DISEASE o

0
DoxycyclineﬂA

¥
Ceftriaxone '

100 mg orally twice daily for 14 to
21 days

2 g IV once daily for 14 to 28 days

4.4 mg/kg/day orally divided twice
daily (maximum 100 mg per dose)
for 14 to 21 days

50 to 75 mg/kg IV once daily
(maximum 2 g per dose) for 14 to 28

*For patients with isolated facial
nerve palsy (eg, no evidence of
meningitis or radiculoneuropathy),
amoxicillin or cefuroxime is an
alternative in patients with
contraindications to doxycycline. For
patients with other forms of acute
neurologic disease, most experts
would initiate IV therapy (eg,
ceftriaxone) if doxycycline cannot be
used.

¢In the United States, most
practitioners favor using longer
courses of antibiotics (eg, 28 days)
for those with evidence of severe
neurologic disease.
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4.8.2. Kpurepuu 1a00paTopHOro noATBEPAICHHS JHATHO3A

[Ipu3Haxk

Kpurepuu Cuna*

[gM KD, IgG K3

Hapactanune tutpa IgG-anTuren B napHbIX CHIBOPOTKAX (B B
OCTPOM NepHo/ie HHPEKLHH 1 NEPHO/E BBI3TOPOBICHNUS), @
Takke noseimenue yposHeii 1gG u IgM yka3eiBaer Ha
HaJIMYKe KJIELEeBOro JHuedammra.

PHK Bupyca KO B
KPOBH M JINKBOPE

Buissnenne PHK Bupyca knemesoro sxnedannra vetotom | B
[111P B kpoBH 1 1HKBOpE

AHTHTEHBI BUPYCA
K9 B xpoBu 1
JIMKBOPE

BoisBneHue aHTHIeHOB BHPYCA KJIEIIEBOIO JHUE(anuTa B B
KPOBH H JIHKBOPE

Ipumeyanne: * - OueHka Ciibl PEKOMEHIALMI B COOTBETCTBHH C PEHTHHIOBOI CXEMOi

«KnewieBown BUPYCHbIN 3HUEPANUT Y
B3POC/bIX» KAMHMYECKne pekomeHaaumu.
HayyHoe obuwectBo KanHuyeckue
MHbeKunoHmnctos,2014
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JNEHEHWE K3: 9TUOTPOIHOE

NPOTUBOK/ELLEBON UMMYHOINIOBY/IMH MO CXEME: MO 6,0-12,0 B/M 1-2 PA3/[AEHb, MPU HANNYUNU
CMMNTOMOB BUPEMUU (INXOPAOOYHbLIA CUHAPOM), AO3A U KPATHOCTb BBEAEHMA ONPEAENAETCA
dOPMOMW K3. (A)

HA3HAYEHWE C3M NPOTUBOKELLEBOW 10 300 M/1/CYT PEKOMEHAYETCA MPU TAMENON ®OPME
3ABONEBAHMSA (C OBOCHOBAHMEM) (A)

WHTEP®EPOH AJIb®A-2B YEJIOBEYECKUA PEKOMBUHAHTHBIM MO CXEME: MO 1 MJ/IH ME - 1 PA3 B AEHb
B/M B COYETAHWW C PUBABUPUHOM B [IO3E 400 MT 2 PA3A B CYTKM A0 KYMUPOBAHUS CUMMTOMOB
BUPEMWW (JINXOPAZJOYHOTO CUHAPOMA)(B)

PEKOMEHZOBAHA TEPANUA UMMYHOMOZYNATOPAMU(MET/TIOMUHA AKPULOHALETAT U AP.) HE PAHEE 7
CYTOK TEPAMWW (B) O,

KNELWEBOW BUPYCHbIN SHLUEDANNT Y B3POC/IbIX. KMMHUYECKUE PEKOMEHOALMN, 2016.
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NNEYEHWUE K2

* BCA 3TUOTPOIHAA TEPAMUA HESPDEKTUBHA HA MNMO3OHUX CTAANAX 3AEOJTIEBAHUA,
ROTOA BUPYC YHKE NMOPA3SNT UEHTPAJIBHYIO HEPBHYIO CUCTEMY.

* B 3TOM CJIYHAE NEHEHUE HAMPABJIEHO HE HA BOPbBY C BO3BYAUTE/TEM BOJTIE3HU, A HA
NMATOJIOTVUHECKUE MEXAHN3MBbI, YTPORAKOWWMNE RKN3HU NMALUEHTA

 KJIEWEBOW BUPYCHbIN SHUEDANUT Y B3POC/IbIX. KTMHUYECKUE PEKOMEHOALMK, 2016.
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ECMEUMDOUYECKAA NPODPUNTAKTUKA KNELLEBOIMO
SHLEDANUTA )
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JKCTPEHHAA MPOPUSTAKTUKA

B MEPBbIE 96 YACOB [MOCJIE

[MPNCACbIBAHNA PEKOMEHAOOBAHO b —

MHI(PII?%"EH

MmMmMyHoOrnodynuH Yyenoseka
NPOTUB KNeLleBoro aHuedganura

WMMyHOrno6ynnH NpoTUB Kiewesoro aHUedanuTa
pacTteo p ANs BHYTPUMbILIEYHOrO BBE neHns

10 amnyn no 1 mn

BBOAMTb UMMYHOI/TIOBYIMH NMPOTUB
KNELLEBOIO SHLEDAIUTA
BHYTPUMbILIEYHO OZHOKPATHO, B
NO3VPOBKE 0,1 MJ1/KT (B)




« OCHOBHAA CXEMA BAKUMHALWUW : 0, 1-3, 9-12 MECALIEB
C NOCNEAYHOLLEN PEBAKUMHALUMEN KAXKADBIE 3-5 NIET

* SKCTPEHHAS CXEMA BAKUMHAUMM: (OBE U

n

-
-
r

HTEPBA/IOM B 14 AHEN) PEKOMEH/OBAK
PUMEHATD N8 HE BAKLIMHUPOBAHHbIX

HBEKLNW C
0

PAHEE /TNL,

PUE3KAIOLLIMX B SHAEMMUYHBLIE OYATM BECHOMW-

ETOM. (A)
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KapTta pacnpocrpaHeHunsa 3abosieBaHueMmM
noavoMmmennTomMm Ao (BeBepxy) v nocne (BHU3y)
npoBeaeHns MaccoBbiX BakKuuHauum BO3
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2 CENTRAL NERVOUS SYSTEM TUBERCULOSIS

FORMS OF CENTRAL NERVOUS SYSTEM (CNS) INFECTION DUE TO MYCOBACTERIUM
TUBERCULOSIS INCLUDE

« MENINGITIS,
« TUBERCULOMA, AND
« SPINAL ARACHNOIDITIS.



Tuberculous meningitis paradoxical reaction

(Panel A) Initial brain magnetic resonance imaging in patient with tuberculous meningitis.

(Panel B) Follow-up imaging 8 weeks after initiation of antituberculous treatment demonstrates
paradoxical worsening including hydrocephalus, tuberculoma and exudates in peri-mesencephalic cistern.

Copyrights apply



First—-lime antituberculosis drugs for treatment of CNS tuberculosis: Adult dosing *

Drucg Preparations Daily dose

Isoniazid® Tablets (50 Mg, 100 Mg, 300 mg); elixir ({50 S maSkg (usual Mmaximuoum dose 300 mgl
mMmgasS mL); agueous solution (1LO00 mMmgsmmill)
for intravenous or intramuscular injection

Rifampin (rifampicin)$ Capsules (150 mg, 300 mg); capsule 10 maoSkg (usual maximuoum dose S0O0 mgl)
contents may be suspended for oral
administration; agqueous soluticon for
iNntravenous injection

RifabutinS Capsule (150 mgl) S moasSkg (usual maximurm dose 200 mag)

Pyrazinamide = Tablet (S500 Mg, scored) Patient weight 40 to 55 kg¥%:
1000 mg (18.2 to 25 mgskagd

Patient weight 56 to 75 kg5 :
1500 mg (20 to 26.8 mgslkg)

Patient weight 7& to 90 kg8 ¥ :
2000 mgT {(22.2 to 26.3 maskagl

Ethambutol T Tablets (100 mga, <200 rmg) Patient weight 40 to 55 kg5 :
S00 mg (145 to 20 mgskg)d

Patient weight 56 to 75 kg5 :
1200 mg (16 to 21.4 mgskagd

Patient weight 7& to 90 kg5 :
1600 mMmg¥ (17.8 to 21.1 maskgl

= Adult dosing listed in this table is used Iin patients =15 years old or weighing =40 kg.
= Antituberculous agents are used iN Multidrug combination regimens of varying duration, which are described in detail in a separate
table (refer to the UpToDate table on regimens for treatment of drug-susceptible tuberculosis) and iNn the accompanying text.

CMNS: central nervous systerm.

*= Dosing based on actual weight is acceptable in patients who are not obese. For cbese patients (>20%c abowve ideal body weight
[IBwW]), dosing based on IBW may be preferred for initial doses. Some clinicians prefer a modified IBWwW (IBW 4+ [0.40 x {(actual weight —
IBWW1I]) as is domne for initial aminoglyvcoside doses. Because tuberculosis drug dosing for obese patients has not been established,
therapeutic drug monitorimng may be considered for such patients.

TN Pyridoxine (wvitamin Bs; 25 to 50 mgsday) is given with isoniazid to individuals at risk for neurcpathy (g, pregnant worman,
breastfeeding infants, and individuals with HIW infection, diabetes, alcoholism, malnutrition, chromnic remnal failure, or adwvanced age). For
patients with peripheral neurocpathy, experts recommend increasing pyridoxine dose to 100 mgsday.

S Rifabutin dose may need to be adjusted when there is concomitant use of protease inhibitors or nonnucleoside reverse transcriptase
inhibitors. Refer to the UpToDate topic on treatment of pulmonary tuberculosis in HIV-infected adults for specific dose adjustments.

< For patients with creatinine clearance <30 mL’smin (by Coclkrofi-Gault egquation) or for patients receiving intermittent hemodialysis,
pyrazinamide dosing consists of 25 to 25 mag/ kg {ideal body weight)} per dose orally 2 times per week (MNOT daily):; max 2.5 g per dose.
O the day of hemodialysis, medications should be administered aftter haemodialysis. Monitoring of serum drug concentrations should be
considered to ensure adequate drug absorption without excessive acocumulation and to assist in avoiding toxicity.

§ Based on estimated lean body weight.

¥ Patients =290 kg should hawve serum concentration monitocring. In cbese patients, weight-based dosing is likely best based on
measurements of ideal (versus total) body weight.

+= Maximurm dose regardless of weight.

+ For patients with creatinine clearance <30 mLSMin (by Cockroft—-Gault equation) or for patients receiving intermittent hemodialysis.
ethambutcl dosing consists of 20 to 25 mgskg {ideal body weight) per dose orally 2 times per week (MNMOT daily); max 1.6 g per dose.
O the day of hemodialysis, medications should be administered after haemodialysis. Monitoring of serum drug concentrations should be
considered to ensure adequate drug absorption without excessive accumulation and to assist Iin avoiding toxicity.

Copyrights apply



\/ CENTRAL NERVOUS SYSTEM TUBERCULOSIS

—

« PROMPT ANTITUBERCULOUS THERAPY IS ESSENTIAL IN THE TREATMENT OF CENTRAL NERVOUS
SYSTEM (CNS) TUBERCULOSIS (TB). BECAUSE OF THE HIGH ASSOCIATED MORTALITY, TREATMENT
SHOULD BE INITIATED WHEN THE DIAGNOSIS IS SUSPECTED AND NOT DEFERRED UNTIL A DIAGNOSIS
IS ESTABLISHED

« IN GENERAL, TREATMENT OF CNS TB CONSISTS OF AN INTENSIVE PHASE (4 DRUGS ADMINISTERED FOR
2 MONTHS) FOLLOWED BY A CONTINUATION PHASE (2 DRUGS ADMINISTERED FOR AN ADDITIONAL 7
TO 10 MONTHS), FOR A TOTAL TREATMENT DURATION OF 9 TO 12 MONTHS.

« FOR ADULTS, THE INTENSIVE PHASE CONSISTS OF FOUR DRUGS ( : :
AND ) ADMINISTERED FOR TWO MONTHS. THIS APPROACH IS DERIVED FROI\/I
MANAGEMENT OF PULMONARY TB, THE EVIDENCE FOR WHICH IS DISCUSSED SEPARATELY.

 FOR CHILDREN, THE INTENSIVE PHASE CONSISTS OF FOUR DRUGS

( . . , AND EITHER OR AN AMINOGLYCOSIDE [IN

PLACE OF , GIVEN DIFFICULTY ASSOCIATED WITH MONITORING FOR ETHAMBUTOL-

ASSOCIATED OPTIC NEURITIS]) ADMINISTERED FOR TWO MONTHS. ~/
 *FOR ADULTS AND CHILDREN, THE CONTINUATION PHASE CONSISTS OF 2 DRUGS

( AND ); WE SUGGEST A DURATION OF 7 TO 10 MONTHS OVER A SHORTER \/

DURATION ( ).

S = O )
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CENTRAL NERVOUS SYSTEM TUBERCULOSIS

FOR PATIENTS WITH ISONIAZID-RESISTANT CNS TB, WE FAVOR TREATMENT
WITH DAILY ; , AND A
FLUOROQUINOLONE. THIS APPROACH IS DERIVED FROM MANAGEMENT OF
DRUG-RESISTANT PULMONARY TB, THE EVIDENCE FOR WHICH IS DISCUSSED
SEPARATELY. IN ADDITION, THE DURATION OF THERAPY SHOULD BE EXTENDED
TO 18 TO 24 MONTHS, TAKING INTO ACCOUNT THE SEVERITY OF ILLNESS,
CLINICAL RESPONSE TO THERAPY, AND THE PATIENT'S IMMUNE STATUS.


https://www.uptodate.com/contents/rifampin-rifampicin-drug-information?search=tuberculosis%20meningitis&topicRef=128001&source=see_link
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THE APPROACH TO USE OF GLUCOCORTICOIDS DEPENDS ON THE CLINICAL PRESENTATION:

 FOR PATIENTS WITH ESTABLISHED OR SUSPECTED TUBERCULOUS MENINGITIS IN THE ABSENCE
OF HIV INFECTION, WE RECOMMEND ADJUNCTIVE GLUCOCORTICOID THERAPY ( Il
CLINICAL TRIAL DATA HAVE FOUND THAT SUCH TREATMENT IMPROVES SHORT-TERM SURVIVAL.

 FOR PATIENTS WITH HIV INFECTION, WE ALSO SUGGEST ADJUNCTIVE GLUCOCORTICOID
THERAPY ( ). DATA SHOWING A SURVIVAL BENEFIT IN PATIENTS WITH HIV INFECTION

ARE LIMITED.

« FOR PATIENTS WITH TUBERCULOMA, WE SUGGEST ADJUNCTIVE GLUCOCORTICOID THERAPY FOR
PATIENTS WITH CEREBRAL EDEMA (PARTICULARLY WHEN EDEMA IS OUT OF PROPORTION TO
MASS EFFECT IN THE SETTING OF ASSOCIATED ALTERED MENTAL STATUS OR FOCAL NEUROLOGIC
DEFICITS), AND/OR ELEVATED INTRACRANIAL PRESSURE ( ).

 FOR PATIENTS WITH SPINAL ARACHNOIDITIS, WE SUGGEST ADJUNCTIVE GLUCOCORTICOID
THERAPY FOR PATIENTS WITH SPINAL BLOCK (CEREBROSPINAL FLUID PROTEIN =500 MG/DL)
AND/OR PATIENTS WITH ACUTE CORD COMPRESSION ( E

e \/ - _\‘J\
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A systematic review of clinical guidelines ®
on the management of acute, community-
acquired CNS infections

Louise Sigfrid' "®, Chelsea Perfect”’, Amanda Rojek', Kajsa-Stina Longuere®, Sam Lipworth?, Eli Harriss’,
James Lee', Alex Salam®, Gail Carson', Herman Goossens’ and Peter Horby'

Abstract

Background: The epidemiology of CNS infections in Europe is dynamic, requiring that clinicians have access to up-
to-date clinical management guidelines (CMGs) to aid identification of emerging infections and for improving
quality and a degree of standardisation in diagnostic and clinical management practices. This paper presents a
systematic review of CMGs for community-acquired CNS infections in Europe.

Methods: A systematic review. Databases were searched from October 2004 to January 2019, supplemented by an

electronic survey distributed to 115 clinicians in 33 European countries through the CLIN-Net clinical network of the
COMBACTE-Net Innovative Medicines Initiative. Two reviewers screened records for inclusion, extracted data and
assessed the quality using the AGREE Il tool.




