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Among hospital-associated infections, healthcare-associated central nervous system infections
are quite important because of high morbidity and mortality rates. The causative agents of
healthcare-associated meningitis differ according to the status of immune systems and underlying
diseases. The most frequent agents are Gram-negative bacilli (Pseudomonas spp., Acinetobacter
spp., Escherichia coli and Klebsiella pneumoniae) and Gram-positive cocci (Staphylococcus aureus
and coagulase-negative staphylococci). There are currently several problems in the treatment
strategies of healthcare-associated meningitis due to a globally increasing resistance problem.
Strategies targeting multidrug-resistant pathogens are especially limited. This review focuses on
healthcare-associated meningitis and the current treatment strategies with a particular focus on

methicillin-resistant Staphylococcus aureus (MRSA) meningitis.
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In spite of considerable developments in antibi-
otics, science and medicine, infectious diseases
and infectious complications related to
multidrug-resistant (MDR) bacteria such as
staphylococci, enterococci, Enterobacteriaceae,
Pseudomonas aeruginosa or Acinetobacter bau-
mannii remain important causes of human mor-
bidity and mortality. While necessitating more
expensive and broad-spectrum antibiotics, the
treatment of such resistant nosocomial patho-
gens, including meningitis, is challenging [1-4].
Bacterial meningitis may develop in the com-
munity or may be associated with a variety of
invasive procedures or trauma [s]. The latter
group has often been classified as nosocomial
meningitis because a different spectrum of micro-
organisms may be the etiology of the meningitis,
and different pathogenetic mechanisms (e.g.,
following neurosurgery or lumbar puncture
(LP) or in association with placement of ventricu-
lar catheters) are associated with development
of this disease [s]. According to the very recently
revised CDC/National Healthcare Safety Net-
work (CDC/NHSN) definitions dated January
2014 [6], not the terms ‘nosocomial’ or ‘hospital-
acquired meningitis’ but ‘healthcare-associated
meningitis/ventriculitis’ is used. These definitions

standardized the classification of an infection as
present on admission (POA) or a healthcare-
associated infection (HAI). If all of the elements
used to meet a CDC/NHSN site-specific infec-
tion criterion are present during the two calendar
days before the day of admission, the first day of
admission (day 1) and/or the day after admission
(day 2) are documented in the medical record,
and the infection is considered as POA. A HAI is
defined as a localized or systemic condition result-
ing from an adverse reaction to the presence of an
infectious agent(s) or its toxin(s) that was not
POA to the acute care facility. An infection is con-
sidered as a HAI if all elements of a CDC/NHSN
site-specific infection criterion were not present
during the POA time period but were all present
on or after the third calendar day of admission to
the facility (the day of hospital admission is calen-
dar day 1). Healthcare-associated meningitis/
ventriculitis is grouped among CNS infections.
A healthcare-associated  meningitis/ventriculitis
must meet at least one of the following criteria [6]:

¢ Patient has organisms cultured from cerebro-
spinal fluid (CSF);

e DPatient has at least one of the following
signs or symptoms: fever (>38°C), headache,
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stiff neck, meningeal signs, cranial nerve signs or irritability
with no other recognized cause and at least one of the
following:

— Increased white cells, elevated protein and decreased glu-
cose in CSF;

— Organisms seen on Gram’s stain of CSF;

— Organisms cultured from blood;

— Positive laboratory test of CSF, blood or urine;

— Diagnostic single antibody titer (IgM) or fourfold increase
in paired sera (IgG) for pathogen and if diagnosis is made
antemortem, physician institutes appropriate antimicrobial
therapy.

¢ DPatient <1 year of age has at least one of the following signs
or symptoms: fever (>38°C core), hypothermia (<37°C core),
apnea, bradycardia, stiff neck, meningeal signs, cranial nerve
signs or irritability with no other recognized cause and at
least one of the following:

— Increased white cells, elevated protein and decreased glu-
cose in CSF;

— Organisms seen on Gram’s stain of CSF;

— Organisms cultured from blood;

— Positive laboratory test of CSF, blood or urine;

— Diagnostic single antibody titer (IgM) or fourfold increase
in paired sera (IgG) for pathogen and if diagnosis is made
antemortem, physician institutes appropriate antimicrobial
therapy. These recent definitions [6] recommend to report
CSF shunt infection as surgical site infection meningitis/
ventriculitis, if it occurs within 90 days of placement; if
later or after manipulation/access, it is considered as CNS
infection meningitis/ventriculitis.

Although many of these nosocomial meningitis cases present
clinical symptoms during hospitalization, bacterial meningitis
may develop long after hospital discharge [5]. Hence, in this
review, we used the term ‘healthcare-associated bacterial menin-
gitis/ventriculitis (HA-MEN).’

HA-MEN are relatively rare infections (0.34% in 51,133
hospitalized cases in neurosurgery clinic between 1993 and
2002) (7). However, these are considered among the most
serious infections because of the associated morbidity and
mortality [7-12]. Durand ez al [9] reported that HA-MEN
comprised 40% of 495 acute bacterial meningitis episodes in
a 27-year period. This rate may increase in centers with a
higher number of invasive hospital practices and the introduc-
tion of new technologies [2]. This review focuses on HA-MEN
and current treatment strategies with particular concern
regarding methicillin-resistant Staphylococcus aureus (MRSA)
meningitis.

Etiology

In contrast to the community-acquired acute-purulent meningi-
tis where pneumococci and meningococci are the dominating
pathogens [39], the major causative agents in HA-MEN are
Gram-negative bacilli including Escherichia coli, Pseudomonas

aeuroginosa, Acinetobacter spp. or Enterobacter spp. and Gram-
positive cocci such as staphylococci or enterococci [2.11-14].

Durand et al. [9] analyzed 493 meningitis cases followed up
in a 27-year period. HA-MEN comprised 40% (n = 197) of
all cases. In the same study, Gram-negative bacteria were
reported to be responsible for 33% of the HA-MEN, whereas
9% were S. aureus meningitis. Sacar er al. [12] reviewed
22 CNS shunt infections developed between 2000 and
2004 at the Pamukkale University—Faculty of Medicine in
Turkey. The study showed that congenital hydrocephalus
and meningitis were the most common causes of hydrocepha-
lus in shunt-infected patients, and the most prevalent causa-
tive agents were S. aureus (N = 6, 30%), Acinetobacter spp.
(N = 4, 20%) and Staphylococcus epidermidis (N = 3, 15%).
Finally, MRSA was responsible for 14 cases (15.7%) of
89 HA-MEN followed up between 2006 and 2010 at the
Neurosurgery Clinic of Ege University [Sipahi OR, UNpus-
LISHED DaTa; 2010].

Tasee 1 summarizes the distribution of major etiological agents
in eight series from eight different countries including Brazil,
France Germany, Holland, Korea, Taiwan, Turkey and the
USA. Accordingly, coagulase-negative staphylococci were the
most common etiological agents (20.6%). S. aureus comprised
93 (18.3%) of 508 cases. Out of 93 cases, 65 were detailed
about methicillin resistance and 50.7% were methicillin resis-
tant. Among Gram negatives, Acinetobacter spp. was the most
common and comprised 11.6% of 508 cases. Carbapenem
resistance (CR) rates in the series, depicted in Tase 1, were not
mentioned specifically. Recently, Bayramoglu ez al. reported
19.9% CR in 21 A. baumannii meningitis cases followed up
between 2007 and 2010 [15]. Moon et al. from South Korea [16]
reported that 55% of 40 A. baumannii meningits cases fol-
lowed up between 2007 and 2011 were CR. Wang ez al. from
Taiwan [17) reported CR of 50% (10 of 20 cases) in A. bau-
mannii and 3% (1/33 cases) in P. aeruginosa meningitis.
Nagaveni et al. from India [18] analyzed antimicrobial suscepti-
bility of 53 P. aeruginosa strains isolated from CSF and
reported 32% imipenem resistance.

Risk factors

The most common underlying factors for HA-MEN include
previous neurosurgery operation and the presence of foreign
materials such as shunt and/or lumbar drain [27]. Concomitant
infections increase the risk for meningitis by approximately six
times [2.14]. The risk also varies according to the type of neuro-
surgery; the incidence is 0.8-1.5% after craniotomy, 4-17%
after intraventricular catheterization, 5% after lumbar drainage
and 1 in 10,000-50,000 cases after LP. The risk of developing
meningitis following head trauma is 1.4% [14. Most of the
patients in whom meningitis develops as a complication of
closed head trauma have a basilar skull fracture, which causes
the subarachnoid space to be connected to the sinus cavity [14].
CSF leakage after neurosurgery, external lumbar or ventricular
catheterization or cranial fractures increase the meningitis

risk [21014]. Other risk factors for infection of external
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Table 1. Distribution of major etiological agents in eight series from eight different countries including

Turkey, Germany, Holland, USA, Taiwan, Brazil, France and Korea.

Coagulase-negative staphylococci B 7 7
Staphylococcus aureus 12

(methicillin resistance unmentioned)

MSSA 7 2
MRSA 6 11
Acinetobacter spp. 15 4
Escherichia coli B 9 5
Klebsiella pneumoniae 2 9 3
Pseudomonas spp. 2 B 5
Pneumococci 13 3
Enterococci 1 2 1
Haemophilus influenzae 4 1
Other 10 9 11
Total 50 67 53

13 4 3 34 34 105
13 3 28
1 2 20 32
3 8 5 33
6 1 4 27 2 59
17 1 35
13 1 28
6 1 1 1 7 26
8 24
4 1 1 5 15
6 11
33 1 4 6 38 112
119 12 18 83 106 508

MRSA: Methicillin-resistant Staphylococcus aureus; MSSA: Methicillin-sensitive Staphylococcus aureus.

ventricular catheters are the routine sampling of CSF, blockage
of the drain and intraventricular hemorrhage [14].

Even though neurosurgery is the leading cause of staphylococ-
cal meningitis, it can also develop secondarily to another infected
focus. Almost 60% of MRSA meningitis occur after head trauma
and neurosurgical operations (including shunt insertion) [22).
Additionally, staphylococcal meningitis may arise as a result of
hematogenous spread of the causative agent from a focus of
infection such as infective endocarditis, osteomyelitis or pneumo-
nia [222]. Other underlying conditions that are also associated
with community-acquired meningitis include diabetes mellitus,
alcoholism, chronic renal failure requiring hemodialysis, intrave-
nous illicit drug abuse injections and malignancies [21].

Pintado er al. [22] reported that among 44 cases of S. aureus
meningitis, 28 were postoperative and 16 were spontaneous
meningitis. The most common underlying reasons for postop-
erative meningitis were CSF leakage, intracranial foreign mate-
rial and head trauma. The authors also reported the presence
of concurrent staphylococcal wound infections in seven cases.

In a previous study held in our setting, shunt infection, neu-
rosurgery for malignancies and fracture in cervical vertebrae
were reported to be the underlying causes for four, three and
two cases of MRSA meningitis, respectively [23]. In another
study, we had reported 17 cases of staphylococcal meningitis,
10 of which had ventriculoperitoneal or atrial shunt insertion
in the history. The remaining cases were operated because of
intracerebral hemorrhage (two cases), meningioma (two cases),
lumbar degenerative stenosis (one case), spondylolisthesis (one
case) and posterior fossa tumor (one case) [24].

Aguilar ez al. detected S. aureus in 4.9% (33/668) of CSF cul-

tures from bacterial meningitis cases followed up between

1999 and 2008. In the same study, methicillin-sensitive S. aureus
(MSSA) was detected in 17 cases. Among 16 MRSA cases,
6 were postoperative meningitis, while 10 were hematogenous
meningitis [25].

Clinical presentation

The classical meningitis triad (fever, disturbances in the con-
sciousness and neck stiffness) is not as common as in the
community-acquired meningitis in HA-MEN, especially in
cases with CSF leakage probably due to the nonincreased CSF
pressure [26]. According to a study, among 50 meningitis cases,
70% were associated with classical symptoms fever, headache
and neck stiffness, whereas only 41% had disturbances in the
consciousness [11]. Meningeal irritation symptoms may be evi-
dent in less than 50% of shunt-associated infections, symptoms
like sub febrile body temperature (defined as of, relating to, or
constituting a body temperature very slightly above normal but
not febrile) [37] and fatigue are more common [2.14]. Symptoms
often arise due to the failure of shunt function and are often
accompanied by headache, nausea and vomiting.

S. aureus meningitis is mostly health care-associated [23-25).
As HA-MEN, its clinical progress is slower than that of the
community-acquired type. In a study evaluating 37 meningitis
episodes, fever (73%) and altered consciousness (48.6%) were
the most common symptoms reported [29]. According to
Pintado ez al. [22], disturbances in the consciousness, neck stiff-
ness, patechial rashes, bacteremia and septic shock were
observed less often in postoperative than in spontaneous
S. aureus meningitis. Disturbances in the consciousness and
fever were reported in 66-81% and 50-77% of postoperative
MRSA meningitis [2425].
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Treatment

Early diagnosis with lumbar or shunt or extraventricular/lumbar
drainage puncture and starting antimicrobial therapy is crucial in
the management of HA-MEN. Empirical antibacterial treatment
should be initiated according to the underlying status and the age
of the patient, following blood cultures, in cases cranial imaging
is indicated before LP or LP is contraindicated [30].

In contrast to numerous infectious diseases, such as pneumo-
nia or urinary tract infections, antibiotic treatment strategies for
bacterial meningitis are based on case series or animal meningi-
tis models [231], rather than prospective, double-blinded con-
trolled studies.

The antimicrobial agent must have a high CSF penetration
capacity to be effective in meningitis therapy. Low molecular
weight and lipid-soluble antibiotics can cross blood—brain barrier
more, whereas the high rate of protein binding has a negative
effect. Besides the pharmacological properties of antibiotics, the
presence of inflammation can also influence CSF penetration.
Relatively, high penetration will decrease as inflammation
reduces; hence, antibiotics must be administered at a high dosage
by way of intravenous (i.v.) route in order to achieve optimum
drug level. It is also important for the antimicrobial agent to be
stable and to have a bactericidal effect in the purulent CSF [221].
The penetration rate of some antimicrobial agents into inflamed
CSF are: 20—40% for ceftazidime, 10% for ceftriaxone, 20% for
cefepime, 30% for meropenem, 70% for linezolid, 40% for cip-
rofloxacin, 80% for moxifloxacin and levofloxacin, 50% for tige-
cycline, 30% for rifampin, 20% for vancomycin, 10% for
teicoplanin and 5% for daptomycin [32].

According to the Infectious Diseases Society of America
(IDSA) guidelines, empirical vancomycin is the recommended
antibiotic against infections with Gram-positive bacteria such as
S. aureus and coagulase-negative staphylococci (especially S. epi-
dermidis) that are abundant in postneurosurgical and CSF shunt
infections. Empirical cefepime or ceftazidime or meropenem are
recommended for empirical therapy of Gram-negative bacterial
meningitis such as P. aeruginosa, E. coli and Klebsiella pneumo-
niae. This combination therapy may be de-escalated according to
the sensitivity pattern of the isolated bacteria [3033).

Staphylococci & enterococci

Today, in many references, the first treatment option consid-
ered for MRSA meningitis is vancomycin. Vancomycin cannot
penetrate CSF at a high level. Hence, when it is used together
with rifampicin in susceptible strains, its effect can be enhanced
further while theoretically vancomycin can also prevent the
development of resistance to rifampin. Vancomycin can also be
administered intrathecally [2130313334]. Other alternative agents
can be linezolid, trimethoprimsulfamethoxazole [2633] as well as
teicoplanin and daptomycin. Arda e al. 23] reported the suc-
cessful treatment of six MRSA meningitis cases by teicoplanin
including regimens. Furthermore, Sipahi er al. (35] showed that
teicoplanin had similar antibacterial activity as vancomycin in
the MRSA meningitis model in rabbits. In contrast to IDSA
guidelines [3033], the European Federation of Neurological

Societies guidelines on the management of community-acquired
bacterial meningitis recommends the use of linezolid for
MRSA meningitis [26]. Recently, Calik ez al. [36) compared line-
zolid 10 and 20 mg/kg q12 h with 20 mg/kg vancomycin
ql2 h for 24 h in a rabbit MRSA meningitis model. At the
end of treatment, the decrease in bacterial counts in the vanco-
mycin group was approximately two logs higher than the
linezolid-20 group (p > 0.05) and approximately four logs
higher than in the linezolid-10 group (p = 0.037) (Vancomycin
group: -2.860 + 4.495 vs Linezolid-20: -0.724 + 4.360, vs
Linezolid-10: 1.39 + 3.37). Full or partal bacteriological
response was higher in vancomycin versus linezolid-10
(p = 0.01), but not vancomycin versus linezolid-20 or linezolid-
10 versus linezolid-20 groups. We reviewed nine MRCOoNS,
seven MRSA and one MRCoNS and MRSA mixed HA-MEN
cases treated with linezolid. Seven out of eight MRSA (includ-
ing one with mixed infection) meningitis cases and eight out of
nine MRCoNS cases had microbiological clearance on day
5 [24]. Additionally, Ntziora et al. [37] reviewed four MRCoNS
and three MRSA patients treated with linezolid. Finally, we
compared linezolid and vancomycin in a retrospective cohort
study. Seven out of nine linezolid administered and two out of
eight vancomycin admninistered. MRSA meningitis cases had
microbiological success on day 5 of treatment (p = 0.044). On
the other hand, among six MRSA meningitis cases with vanco-
mycin minimum inhibitory concentration (MIC) of 2 mg/l,
only one case had microbiological success with vancomycin on
day 5 [38.

Nafcillin, oxacillin and flucloxacillin are the recommended
agents for MSSA meningitis [3033].

Another relatively new agent used to cure infections with resis-
tant Gram-positive bacteria is daptomycin. Daptomycin was also
tested with vancomycin by using experimental meningitis mod-
els. In a study conducted by Gerber er @l (39), daptomycin
(15 mg/kg) was reported to be more effective than vancomycin
(20 mg/kg administered twice 2 h apart) at the end of the 8-h
treatment in rabbit meningitis model with MSSA. Recently,
Bardak-Ozcem ez al. [40) compared daptomycin with vancomycin
by using the same dosages as Gerber ¢z 4/. (39 in MRSA meningi-
tis model in rabbits. After an 8-h period of treatment, bacterial
counts decreased significantly in both treatment groups com-
pared with the control group (p < 0.05). However, there was no
statistically significant difference between treatment groups.
There are case reports that suggest daptomycin as an alternative
salvage therapy agent for meningitis treatment. Among them,
Riser et al. [41] reported successful treatment of MSSA bacter-
emia and MSSA meningitis by using high doses of daptomycin
(9 mg/kg) and reported daptomycin CSF penetration rate as
5%. Lee ez al. (42] reported the treatment of a MRSA meningitis
case, which was allergic to vancomycin and had septic brain
emboli with daptomycin. Another case with MRSA meningitis
and MRSA bacteremia was reported to be cured when dapto-
mycin was used together with linezolid and rifampin [43).

Finally for enterococcal meningitis treatment, guidelines rec-
ommend ampicillin/gentamicin and vancomycin/gentamicin for
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ampicillin ~ sensitive and ampicillin  resistant, vancomycin-
sensitive strains, respectively (30]. There are anecdotal data
including case reports suggesting linezolid and daptomycin for
vancomycin-resistant enterococcal (VRE) meningitis treatments.
For instance, Ntziora et 4l [37] systematically reviewed six
linezolid-treated enterococcal meningitis cases. Two cases
received linezolid monotherapy for 21 and 28 days. One case
received 28 days of linezolid in combination with quinupristin/
dalfopristin, the fourth case was given 5 days of gentamicin +
linezolid followed by 16 days of linezolid. The fifth patient
received 7 days of linezolid + gentamicin followed by 35 days
of linezolid and the last case was treated with 4 days of
linezolid + chloramphenicol followed by 24 days of linezolid.
Jaspan et al. [44] cured a pediatric case by intrathecal daptomy-
cin and i.v. tigecycline combination. Additionally, Le er al. [45)
reported daptomycin (6-12 mg/kg) and gentamicin or linezolid
combinations for the treatment of three VRE meningitis cases.
There are also additional case reports related to the successful
therapy of enterococcal CNS infections with daptomycin [46].

Gram-negative bacillary meningitis

The continuous increase in MDR (being resistant to at least
three different antbiotic groups) Acinetobacter spp. challenges
the current treatment strategies [1247]. If the strain is sensitive
to cefepime or ceftazidime, then each can be used. If the strain
is sensitive only to meropenem, then meropenem may be rec-
ommended. In case of CR Gram-negative bacterial meningitis,
treatment must be directed according to the sensitivity pattern
of the bacteria.

If the infecting pathogen is CR Acinetobacter spp. that is a
spreading global problem, then there are case reports or case series
that suggest the use of sulbactam, intrathecal aminoglycosides,
i.v./intrathecal colistin or i.v. tigecycline for salvage therapy.

Sulbactam is a B-lactam P-lactamase inhibitor. Stahl et al.
reported that they detected up to 12 pg/ml sulbactam after
1-4 h in CSF of patients with bacterial meningitis after 4 g/day
sulbactam [48]. Sulbactam has antibacterial activity against
Acinetobacter spp. and appears to be effective in high dosages.
Levin ez al. [20] reported two cases of A. baumannii meningitis
in which sulbactam resulted in failure. Kendirli ez al [49)
reported the successful treatment of an A. baumannii (sensitive
to netilmicin and imipenem) meningitis patient by using high
doses of ampicillin/sulbactam (300 mg/kg/day) after failure
with imipenem. However, the authors did not give any infor-
mation regarding meropenem sensitivity. Sipahi ez al. [50] used
ampicillin/sulbactam (12 g/day) to cure an A. baumannii
meningitis case who was unresponsive to meropenem. Sayin
Kutlu ez al. [51], reported a CR A. baumannii meningitis case
treated by 12 g ampicillin/6 g sulbactam.

Today, colistin, administered as its prodrug colistin metha-
nesulfonate, is one of the few antibiotics available for the treat-
ment of infections by MDR Gram-negative organisms [s2].
However, its penetration to CSF is not high. In the first data
related to the CSF penetration of colistin into CSF for MDR
A. baumannii meningitis treatment, 5 mg/kg/day of colistin

resulted in 25% CSF/serum rate [53]. In another recent study,
Ziaka et al. [52] analyzed colistin pharmacokinetics prospectively
after i.v. administration of colistin methanesulfonate in criti-
cally ill patients without CNS infection (controls, n = 5) and
in patients with external ventricular drain-associated ventriculi-
tis after i.v. administration (EVDVi.v.,, n = 3) or combined
i.v./intraventricular administration (EVDVcomb, n = 4). CSF/
serum colistin concentration ratios were higher in EVDVi.v.
than in control patients (11 vs 7%, p < 0.05) and in EVDV-
comb compared with all other patients (40-45%, p < 0.0001).
CSF colistin concentrations above the MIC of 0.5 pg/ml were
achieved only in EVDVcomb patients.

The data related to the use of colistin A. baumannii menin-
gitis are mainly acquired from case reports [53-s5]. In a system-
atic review related to the use of polymyxin for Gram-negative
bacterial meningitis by Falagas e al. [ss], i.v. and/or intrathecal/
intraventricular polymyxin was found to be able to cure
51 (80%) out of 64 published Gram-negative bacterial menin-
gitis cases. In the same study, 10 (91%) out of 11 Acinetobacter
spp.-infected cases were reported to be treated by colistin
(4 iv. + intrathecal/intraventricular, seven intrathecal or intra-
ventricular). In addition to these case reports, Pachén-Ibanez-
et al. [56] analyzed the efficacy of rifampin and its combinations
with imipenem, sulbactam and colistin in rabbit meningitis
model induced by imipenem-resistant A. baumannii. Colistin
alone showed less antibacterial activity than colistin and rifam-
pin combination and they concluded that rifampin in mono-
therapy or with imipenem, sulbactam or colistin showed
efficacy. It is also worth noting that recently published pharma-
cokinetic data [57] suggest that the colistin dosage (to even two
million units per 8 h) should not be decreased in critically ill
patients receiving continuous venovenous hemodiafiltration and
should rather be kept equal to or even higher than the daily
dose in patients with normal renal function.

Another therapy option for CR A. baumannii infections is
tigecycline. In the literature, there are a few case reports
related to the successful treatment of A. baumannii meningi-
tis with tigecycline (s859). There are also a limited number of
animal studies regarding tigecycline. Fang er al. [60] analyzed
the effects of tigecycline at different doses with or without
vancomycin on penicillin-resistant  S.  pneumoniae-induced
meningitis model. In this study, when used at concentrations
above 20 mg/kg, tigecycline was reported to be bactericidal
and was at concentration above 1 pg/ml in CSF after 3 h
of treatment.

For carbapenem-sensitive Pseudomonas spp., if the strain is
also sensitive to cefepime or ceftazidime, then each may be
used. In case of ceftazidime and cefepime resistant but
meropenem-sensitive Pseudomonas spp., meropenem is recom-
mended. Treatment options for CR Pseudomonas spp. meningi-
tis are restricted to i.v./intrathecal aminoglycosides and colistin
(1430]. Corpus et al. [61] treated a case of P. aeruginosa meningi-
tis with meropenem + i.v. and intrathecal amikacin. Bray and
Calcaterra [62] reported three cases of P. aeruginosa meningitis
treated successfully with carbenicillin + i.v. and intrathecal
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gentamicin. Recently, Wang et al. [17] reported three cases treated
with ceftazidime + 10 mg intrathecal amikacin, cefepime
+ 30 mg intrathecal amikacin and ceftazidime/meropenem + 4 mg
intrathecal gentamicin. As in the Acinetobacter meningitis, there
are several successful treatment reports of P. aeruginosa meningi-
tis cases via i.v. and intrtahecal colistin or intrathecal colistin
alone [556364]. In the systematic review of 30 published P. aerugi-
nosa meningitis cases [s5), i.v. and/or intrathecal polymixins
resulted in 87% cure in 30 reported cases.

When compared with many other antbiotics, quinolones
have a relatively high CSF penetration rate. However, quino-
lones also have the possibility of inducing seizures [65]. Further-
more, the probability of a cephalosporin/carbapenem-resistant
P. aeruginosa strain to be susceptible to quinolones is generally
low (1]. In addition to aminoglycosides and colistin, ciprofloxa-
cin has also been used for the salvage therapy of P. aeruginosa,
Acinetobacter spp., both coagulase positive and negative staphy-
lococci, Salmonella spp. and Enterococcus faecalis meningitis in
anecdotal case reports [66.67).

In Enterobacteriaceac meningitis ceftriaxone, cefotaxime or
meropenem may be used in sensitive strains [263068]. While
carbapenem-resistant Enterobacteriaceac meningitis is not yet
seen as a problem, colistin and/or tigecycline may theoretically
be effective in such a case.

Repeated CSF culture

Repeated CSF culture may be necessary during the course of
meningitis in certain situations: partially treated cases, uncertain
diagnosis, poor clinical response in the absence of other causes,
vancomycin-treated patients receiving dexamethasone, Gram-
negative bacillary meningitis, meningitis complicating CSF
shunt in whom reshunting is planned and for intrathecal anti-
biotic therapy [26].

Duration of therapy

The optimum duration of therapy in HA-MEN is not known
(9.1128757679]. European Federation of Neurological Societies
guidelines [26] suggest 21-28 days of therapy in Gram-negative
bacillary or Pseudomonas meningitis. IDSA meningitis guide-
lines (30] suggest 21 days of therapy for acrobic Gram-negative
bacilli meningitis. There is no recommendation for the treat-
ment of staphylococcal or enterococcal meningitis in either
guidelines as well as in IDSA guidelines related to S. aureus
[26,30,33].

Treatment of shunt infections

Numerous methods for the treatment of CSF shunt infec-
tions have been reported; however, randomized, prospective
studies have not been performed. Factors to be considered in
the therapy of an infected CSF shunt are the selection of
antimicrobial therapy, the timing of hardware removal, the
timing of shunt replacement and the duration of antimicro-
bial therapy. The principles of antimicrobial therapy for CSF
shunt infections are generally the same as those for acute bac-
terial meningitis [69].

If bacterial meningitis develops in a patient who has an
external ventricular catheter, then the catheter should be
removed to increase the likelihood that the infection can be
cured [14]. In the case of internal ventricular catheters or shunts,
antimicrobial therapy, the removal of all components of the
infected catheter and the placement of an external drain appear
to be the most effective treatment methods, with success in
more than 85% of patients. The optimal timing for the reinser-
tion of the shunt is not clearly defined although general guide-
lines can be suggested. For patients with shunt infections that
are caused by a coagulase-negative staphylococcus or Propioni-
bacterium acnes in association with abnormalities of the CSF
(e.g., pleocytosis), antimicrobial therapy for 7 days is commonly
recommended before the placement of a new shunt; if repeat cul-
tures are positive, antimicrobial therapy should generally be con-
tinued until CSF cultures have been negative for 10 consecutive
days before a new shunt is implemented [1469]. In the case of
shunt infections caused by S. awureus or Gram-negative bacilli,
10 days of antimicrobial therapy after repeated negative cultures
are recommended before placement of a new shunt, although
some authorities recommend an even longer duration of therapy
when Gram-negative bacilli are isolated. Some experts have rec-
ommended a 3-day observation period after the completion of
antimicrobial therapy before a new shunt is placed to confirm
that the infection has been cleared, although this is not uniformly
recommended [14,69].

Combination antimicrobial therapy

Although international guidelines [2630] suggest combination
empirical therapy in the management of HA-MEN, there is no
controlled clinical trial that proves the efficacy of the combina-
tion therapy over monotherapy. Another unknown issue is the
cutoff for methicillin-resistant rate in which empirical vanco-
mycin should be added.

Moreover, while vancomycin is the primarily recommended
option in MRSA meningitis under IDSA guidelines [3033] and
adding rifampin is considered as an alternative, there are no
controlled data regarding this issue except one animal model
study [8].

Combination therapy as ampicillin + gentamicin or vanco-
mycin + gentamicin is also the recommended regimen in the
treatment of enterococcal meningitis [30] while there is a lack of
controlled data regarding this issue. In fact, a large uncon-
trolled series consisting 39 enterococcal meningitis cases dem-
onstrated 22% mortality in combination therapy versus 16% in
monotharapy [70].

For carbapenem-resistant Gram-negative meningitis in the
case of tigecycline usage, a combination therapy with another
available option may be rational, since tigecycline monotherapy
may be associated with higher mortality [71).

Intrathecal treatment

Toxicity makes dose escalation difficult for the aminoglyco-
sides, glycopeptides and polymyxins; therefore, intrathecal or
intraventricular administration of these agents might be needed
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Table 2. Treatment recommendations in multidrug-resistant organism related healthcare-associated

meningitis.

Methicillin resistant staphylococci

Linezolid if vancomycin MIC > 1 mg/l

Linezolid, teicoplanin, daptomycin

Vancomycin if vancomycin MIC < 1 mg/I

Vancomycin-resistant enterococci Linezolid

Cefepime-ceftazidime-carbapenem Colistin

resistant Gram negatives

MIC: Minimum inhibitory concentration.
Derived from [2,23,24,26,30,33,38].

to reach effective CSF concentrations. However, data to support
the safety and efficacy of this approach are scarce (17.32]. Acinero-
bacter spp., Pseudomonas spp., E. coli and K. pneumoniae meningi-
tis cases that are unresponsive/resistant to intravenous treatment
can potentially be cured by intrathecal administration of colistin
(5-10 mg or 75,000-150,000 units [175255). Published data sug-
gest that the combination of intravenous and intrathecal colistin
may give a pharmacokinetic/pharmacodynamic advantage over
intrathecal colistin or intravenous colistin [s2]. Since penetration
of aminoglycosides into CSF is negligible [34], they can be used
intrathecally such as gentamicin (4-10 mg), netilmicin (up to
150 mg) and amikacin (5-50 mg) [2.1417.6272]. For Gram-positive
bacterial meningitis cases in which primary treatment was not suc-
cessful, vancomycin (5-20 mg) or teicoplanin (5-40 mg) can be
administred intrathecally (214 While deciding the course of
action for intrathecal admninistration, it must be kept in mind
that the data related to this practice are confined to case reports.
There is no US FDA-approved indication for intrathecal practice
of any antibiotics. The practice may be associated with side effects
such as epileptic attacks. The amount of antibiotics to be admni-
nistered intrathecally must be calculated so that its concentration
in 150 ml CSF would be almost 20-times more than its MIC
value [14). Since there is no evidence to support the superiority of
intrathecal treatment over intravenous treatment and intrathecal
therapy with gentamicin may even be associated with higher
mortality [73], it seems rational to keep the intrathecal therapy as a
salvage therapy option until the publication of further evidence.

Mortality

Mortality of HA-MEN ranges between 16 and 40.8%
(9.11.75.762832.79). Dizbay et al. [79] reported 33% mortality in
48 nosocomial CNS infections followed up between 2003 and
2009. In the same study, the mortality rate was found to be asso-
ciated with the presence of extraventricular drainage, invasive
procedures, meningitis due to resistant Gram-negative patho-
gens and young age. On the other hand, Erdem er al [23)
reviewed 62 postneurosurgical meningitis episodes (2.7%) in
49 cases (2.1%) after 2265 neurosurgery operations. They
reported 40.8% mortality. The authors also showed that low
CSF glucose levels, presence of a concommitant infection and
having a Glasgow Coma score <10 were associated with mortal-
ity. Similar to the acute bacterial meningitis [72], logistic regres-
sion analysis showed that mortality was significantly associated

Daptomycin, tigecycline

Tigecycline (except Pseudomonas spp.), sulbactam (for
Acinetobacter spp.), intrathecal aminoglycosides

with GCS score <10 (OR: 19.419; 95% CI: 1.637-230.41;
p = 0.001), the CSF glucose level <30 mg/dl (OR: 10.272; 95%
Cl: 1.273-82.854; p =0.002) and the presence of a concurrent
HAI (OR: 28.744; 95 % CI: 1.647-501.73; p = 0.001).

While crude mortality for S. aureus meningitis ranges between
14 and 77%, the mortality rate of spontaneous meningitis is
higher (19-71%) than postoperative meningitis (11-28%) [80-86].
Spontaneous S. aurens meningitis is mostly observed in elderly
patients. S. aureus can lead to bacteremia and develop as a result
of hematogenous spread of the staphylococci from a distant focus
of infection to CNS especially [82838586). Crude mortality of
MRSA meningitis ranges between 10 and 37.5% [23-2538.86].

Expert commentary

Antibacterial resistance exists and will continue to exist. Anti-
bacterial resistance is not always but usually associated with
higher morbidity, mortality and excess costs. MDR bacteria
associated infections including meningitis are increasing prob-
lems in most parts of the world [1].

With few exceptions, such as linezolid, chloramphenicol and
some of the quinolones [3334], almost all antibacterial agents
used for the treatment of HA-MEN display poor CSF penetra-
tion. If the most commonly recommended drug vancomycin
fails in treating MRSA meningitis, then linezolid, teicoplanin
or daptomycin are the main alternative agents. Linozolid is a
more rational choice in the subgroup with MIC values >1 mg/l
due to low vancomycin success rate in these cases. Today,
linezolid, daptomycin or tigecycline combinations are the
available treatment options for VRE meningitis.

Ceftriaxone or cefotaxime may be used for susceptible E. coli
or K. pneumoniae strains. Ceftazidime or cefepime may be used
in susceptible Pseudomonas spp. or Acinetobacter spp. strains.
Meropenem can be chosen in cephalosporin-resistant bacterial
meningitis. In case of MDR Gram-negative bacterial meningi-
tis, treatment must be directed according to the sensitivity pat-
tern of the bacteria. Colistin may be preferred in carbapenem-
resistant Gram negatives, while tigecycline, sulbactam intrathe-
cal or intravenous aminoglycosides can be used as alternative
therapy options depending on the susceptibility pattern of the
infecting strain. Treatment recommendations in methicillin-
resistant  staphylococci, vancomycin-resistant enterococci and
cefepime—ceftazidime—meropenem-resistant Gram negatives are
summarized in Taste 2.
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Five-year view

Microorganisms will keep on developing and disseminating
resistance and therefore patients will continue to die due to
antibiotic-resistant microorganisms. Although there are promis-
ing agents such as linezolid, tigecycline, quinupristin/dalfopris-
tin, daptomycin and possibly ceftobiprole for MDR Gram-
positive organisms, the situation is not the same for Gram neg-
atives [1]. Drugs such as tigecycline, colistin and fosfomycin
(for which there are a few case reports) [87.88] are likely to
prompt further research in their possible use in MDR Gram
negatives. Data related to adjuvant therapy in HA-MEN as
well as treatment-oriented randomized controlled studies are
lacking in meningitis. This situation needs support by either
multicenter retrospective or prospective cohort studies [89.90] or

funding by independent research investors (NI H, EU, govern-
ments, etc.). Investments on infection control measures will
increase in countries where human life is of higher value or the
fact that infection control is more cost-effective than treating
them gets generalized acceptance.
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Key issues

e In the case of methicillin-resistant Staphylococcus aureus meningitis, vancomycin is the mainstay therapy. Linezolid or teicoplanin or

daptomycin may also be used as alternatives. In cases when vancomycin minimum inhibitory concentration values are >1 mg/l, linezolid

can be especially preferred due to low vancomycin success rate.

e Linezolid, daptomycin or tigecycline combinations are the treatment options for vancomycin-resistant enterococcal meningitis.

o Ceftriaxone or cefotaxime may be used for susceptible Escherichia coli or Klebsiella pneumoniae strains.

o Ceftazidime or cefepime may be used in susceptible Pseudomonas spp. or Acinetobacter spp. strains. Meropenem can be chosen in cephalosporin-
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