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Abstract

Enterococcal meningitis in adults has rarely been reported. The aim of this retrospective study was to
examine the clinical characteristics and therapeutic outcomes of adults with enterococcal meningitis. Thir-
teen adult patients with supratentorial enterococcal meningitis were enrolled from 2000 to 2012. Laboratory
data derived from cerebrospinal fluid, clinical features and therapeutic outcomes were analyzed. There were
eight males and five females, aged 19 to 82 years. The isolated pathogens cultured from cerebrospinal fluid
specimens were all Enterococcus faecalis. Eleven patients had post-neurosurgical enterococcal meningitis,
and two had the spontaneous form. Fever and consciousness disturbance were the most common clinical
features, followed by leukocytosis, hydrocephalus, septic shock, seizure and headache. Six patients had
an immunocompromised status including diabetes, malignancy and liver cirrhosis. Five patients who had
undergone neurosurgical procedures had enterococcal meningitis mixed with other pathogens. The overall
mortality rate was 38.5%. The majority of patients received vancomycin combined with a third-generation
cephalosporin. Enterococcal meningitis should be considered especially in patients who undergo neurosur-
gical procedures and subsequently present with the clinical features of meningitis including fever, altered
consciousness, and hydrocephalus. Despite therapeutic efforts, the mortality rate was high in the patients with
enterococcal meningitis. Therefore, early recognition and appropriate antimicrobial treatment are important
for these patients. (J Intern Med Taiwan 2014; 25: 424-431)
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Introduction

Enterococcus species are generally consid-
ered to be harmless and are found in the normal
bowel microbiota of humans!. However, enterococci
have emerged as a significant cause of nosocomial
infections such as urinary tract infections, post-
surgical site wound infections, intra-abdominal or

intra-pelvic abscesses, and bacterial endocarditis
in recent yearsl. Enterococcal meningitis is an
uncommon form of bacterial meningitis. Neuro-
surgical procedures and nosocomial infections are
important predisposing factors associated with
enterococcal meningitis?, and very few cases occur
as a spontaneous infection. Enterococcal meningitis
has a high mortality rate, with reported rates ranging
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from 10% to 58%?°, which has been reported to be
associated with neurosurgical conditions such as
shunt devices, cerebrospinal fluid (CSF) leakage, or
head trauma*®. The aim of this study was to analyze
the clinical characteristics and therapeutic outcomes
of patients with enterococcal meningitis in Taiwan.

Methods

Subjects

We retrospectively reviewed all patients with
adult bacterial meningitis admitted to Kaohsiung
Chang Gung Memorial Hospital over a period of
13 years (2000-2012). The clinical medical records
and microbiological data of CSF and blood were
reviewed. Kaohsiung Chang Gung Memorial
Hospital is the largest medical center in southern
Taiwan, and the facility is a 2,482-bed acute-care
teaching hospital which serves as a primary and
tertiary care center. In this study, the criteria for a
definite diagnosis of adult bacterial meningitis were
as follow: i) age =17 years; ii) positive CSF culture
in patients with clinical presentations of acute bacte-
rial meningitis including fever, headache, altered
consciousness and seizure; and iii) at least one of the
following CSF parameters: 1. a leukocyte count >
10 cells/mm3 with predominant polymorphonuclear
cells; 2. a CSF lactate concentration > 3.5 mmol/L
(31.5 mg/dL); 3. a glucose ratio (CSF glucose/serum
glucose) < 0.4 or CSF glucose concentration <
2.5 mmol/L (45 mg/dL) if no simultaneous blood
glucose was determined34.

In this study, nosocomial meningitis was
defined as a positive bacterial infection not present
on hospital admission, clinical evidence of an infec-
tion no sooner than 48 hours after admission, or
clinical evidence of meningitis within one month
after discharge from the hospital where the patient
received an invasive neurosurgical procedure.
Otherwise, the patient was considered as having a
“community-acquired” infection. The patients who
developed meningitis related to head trauma with

skull fractures or neurosurgical procedures were
classified as having “post-neurosurgical” menin-
gitis. Otherwise, the patients who demonstrated no
clear distinctive disease characteristics and who had
not undergone any invasive procedures were classi-
fied as having “spontaneous” meningitis. “Mixed-
infection” was defined as at least two bacterial
organisms isolated concomitantly from the initial
CSF culture?.

The analysis of antibiotic susceptibility was
based on the American National Committee for
Clinical Laboratory Standards (NCCLS) or Clin-
ical and Laboratory Standards Institute (CLSI)
methods. During the study period, vancomycin plus
a third- or fourth-generation cephalosporin were the
initial empiric antibiotics used to treat patients with
suspected adult bacterial meningitis in our hospital,
and the antimicrobial regimen was subsequently
adjusted after the culture results were available.

Results

Characteristics and demographic data of the
subjects

During the study period, a total of 13 patients
with enterococcal meningitis were recruited,
including 8 males and 5 females with a mean
age of 59 years (range 19-82 years; SD = 17.809).
Eight patients had a single pathogen (Entero-
coccus faecalis), and 5 patients had Enterococcus
faecalis mixed with other pathogens (Table 1). Of
these 13 patients, 2 (patients 5 and 8) had spon-
taneous meningitis and the other 11 had the post-
neurosurgical form. Patients 1-4, 6, 7 and 9-13 were
considered to have nosocomial meningitis because
their infections occurred during hospitalization for
neurosurgical procedures.

Of the clinical presentations, fever (13 patients)
and consciousness disturbance (13 patients) were the
most common, followed by leukocytosis (8 patients),
hydrocephalus (7 patients), septic shock (3 patients),
seizures (2 patients) and headache (1 patient). Among
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the associated conditions, 10 patients (patients 1-4,
7, 9-13) had undergone neurosurgical procedures
including a ventriculo-peritoneal shunt (\V-P shunt),
external ventricular device (EVD), craniotomy and
craniectomy. Patient 6 had bilateral retroperitoneal
abscesses post laminectomy and lumbar anterior
interbody fusion. Three patients (patients 1, 4 and
10) had diabetes mellitus, 2 patients (patients 7 and
8) had liver cirrhosis, and 1 patient (patient 4) had
Hodgkin’s lymphoma.

Table 2 shows the basic laboratory data of
the 13 adult patients with enterococcal meningitis.
Peripheral leukocytosis was found in 8 patients. The
levels of CSF glucose ranged from 6 - 100 mg/dL.
Total protein ranged from 7.8 - 434.0 mg/dL. The
levels of CSF lactate ranged from 14.4 — 132.1 mg/
dL. The leukocyte count in the CSF ranged from 8
- 25280 cells/mm3,

The causative pathogen isolated from the CSF
cultures of all 13 patients was Enterococcus faecalis,
and 5 patients had mixed infections. Other causative
pathogens isolated from the patients with mixed
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infections
Escherichia coli, Enterobacter cloacae, Klebsiella
oxytoca, Acinetobacter species (Acinetobacter junii,
Acinetobacter baumannii), Bacteroides distaonis,
B. uniformis, Candida tropicalis, oxacillin resistant
Staphylococcus aureus, and S. maltophilia (Table
1). According to culture results, three patients were
sequentially with other bacteria. (patients 9,11,12) In
patient 9, pathogen isolated from the CSF cultures
were Pseudomonas aeruginosa (resistant to Aztre-
onam) then Enterococcus faecalis. In patient 11,
pathogen isolated from the CSF cultures were
Klebsiella oxytoca and Escherichia coli (resistant
to trimethoprim-sulfamethoxazole) then Pseudo-
monas aeruginosa and Enterococcus faecalis. In
patient 12, pathogen isolated from the CSF cultures
were Acinetobacter junii then Enterococcus faecalis
(resistant to gentamicin). There were two patients
with enterococcal meningitis simultaneously. In
patient 10, pathogen isolated from the CSF cultures
were Enterococcus faecalis (resistant to ampi-
cillin) and Escherichia coli (resistant to gentamicin,

included Pseudomonas aeruginosa,

Table 2. Basic laboratory data in 13 patients with Enterococcal faecalis meningitis

CSF Follow up CSF
; Glucose Glucose
Patient  Bacteremia |epue|::)zr;,:(r)ilis (Blood p:—c())tt:iln Lactate Leukocyte  (Blood p-:gtt:iln Lactate Leukocyte
glucose) (mg/dL) (mg/dL) (cell/mm®)  glucose) (mg/dL) (mg/dL) (cell/mm?3)
(mg/dL) (mg/dL)
1 (-) (+) 59(175) 79.0 84.9 155 87(144) 89.0 311 160
2 ) (+) 76(110) 7.8 14.4 11 58(92) 27.0 10.7 2
3 ) (+) 78(NA) 1580 77.2 188 46(119) 136.0  49.0 35
4 () () 100(335)  262.6 61.0 40 91(194) 64.0 40.1 21
5 (+) (+) 7(162) 331.0 132.1 340 14(148) 157.0 71.8 228
6 ) (+) 32(109) 187.0 48.0 120 NA
7 (-) (-) 68(123) 58.0 43.7 8 67(169) 49.0 60.2 15
8 ) (+) 30(111) 434.0 118 230 48(112) 56.0 18.4 0
9 ) (+) 81(174) 29.0 18.3 12 106 (163) 449 155 3
10 () ) 68(248)  54.8 23.6 69 128(333) 435 52.3 950
11 () (-) 38(125) 125.0 49.1 175 55(112) 115 33.1 44
12 () (-) 56 (NA) 122.0 29.4 55 NA
13 ) (+) 6(137) 271.0 ND 25280 NA

(-): negative; (+): positive; NA: not available; CSF: cerebrospinal fluid.
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trimethoprim-sulfamethoxazole and piperacillin)
then Enterobacter cloacae (resistant to unasyn,
piperacillin and tazocin). In patient 13, pathogen
isolated from the CSF cultures were Enterococcus
faecalis (resistant to gentamicin), Escherichia
coli and Acinetobacter bauamnnii then Candida
tropicallis.

Blood cultures were performed for all 13
patients, and bacteremia was found in 3 patients
(patients 1, 5, and 13). One patient (patient 5) had
enterococcal bacteremia. Two patients (patients 5
and 8) also had urinary tract infections with urine
cultures presenting with Enterococcus species.

The antibiotics included dosage and duration
used to treatment these 13 patients are listed in
Table 1. The majority of patients received vanco-
mycin combined with other antibiotics. Five patients
received vancomycin combined with a third-gener-
ation cephalosporin, 1 patient received vanco-
mycin combined with meropenem, and 1 patient
received vancomycin combined with gentamicin.
Four patients received ampicillin or penicillin, 2 of
whom received penicillin or ampicillin alone, 1 in
combination with gentamicin, and 1 in combina-
tion with a third-generation cephalosporin. Only
patient 7 received linezolid under the impression of
nosocomial menigitis. The 56-year-old male was a
patient of liver cirrhosis and he suffered from three
meningitis episodes in Dec 2003, Feb 2004 and
June 2004. This time, he was admitted for fever and
consciousness disturbance in July 2004. Cefepime
combined with vancomycin were first prescribed.
After complete treatment, we stopped all antibi-
otic later. However, sudden onset of consciousness
disturbance happened again (his consciousness
declined from obey order to withdraw to pain) before
discharge. We prescribed linezoid for the patient and
the clinical condition was improved initially. (he
could obey order again). In spite of linezoid treat-
ment, he expired 18 days for multiple organ failure
included jaundice, thrombocytopenia and hepatitis.

Discussion

Although enterococci are increasingly impor-
tant pathogens outside the central nervous system
(CNS), it is an infrequent cause of bacterial menin-
gitis. In the current study, 85% of the patients had
received neurosurgical procedures, and 15% of the
patients had spontaneous enterococcal meningitis.
The overall mortality rate was 38.5%, and 45.4% in
the patients who had received neurosurgical proce-
dures. Neurosurgical procedures and nosocomial
infections are important predisposing factors related
to enterococcal meningitis?®. The route of infection
for post-surgical enterococcal meningitis may be
direct invasion of the subarachnoid space during the
neurosurgical procedure®®. Because of the high rate
of nosocomial meningitis in our patients, the infec-
tions may have been due to colonization or contami-
nation of the implanted neurosurgical devices.

Only 1 patient had enterococcal bacteremia,
however 2 patients had positive urine cultures.
In a previous report5, spontaneous enterococcal
meningitis was found to develop as a complication
of bacteremic enterococcal infections arising from
sources such as endocarditis, urinary tract infec-
tion, and catheter infection. In addition, patients
with spontaneous enterococcal meningitis may have
systemic diseases or a poor immune status such as
cardiovascular or pulmonary disease, chronic renal
failure, and diabetes®”. In our series, 6 patients had
an immunocompromised status including diabetes,
malignancy and liver cirrhosis.

Enterococci have a high frequency of asso-
ciation with other mixed microbial infections.
Whereas mixed infections are commonly found in
focal suppuration of the CNS8?9, they have rarely
been reported in adult bacterial meningitis. CNS
shunt devices, head trauma, or CSF leakage have
been reported to be the most important predisposing
factors for mixed enterococcal meningitis®. In a
previous report 2, head trauma and/or neurosurgical
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procedures with or without the placement of CNS
devices were found to contribute to the development
of mixed infections in adults with bacterial menin-
gitis. In their study?, 7 patients (58.3%) with entero-
coccal meningitis had mixed infections, of whom
6 had experienced head trauma or neurosurgical
procedures. In the current study, all 5 patients with
enterococcal meningitis mixed with other pathogens
had received neurosurgical procedures.

As in previous reports®10, the presence of
mixed infections was not associated with a worse
outcome. In our study, overall mortality rate was
5/13 (38.5%). The mortality rate was 4/8 (50%) in
single infection group and the mortality rate was 1/5
(20%) in mixed infection group. Mixed infection
group actually had better survival rate in our series,
but there were no statistically significant. This may
be because the patients with mixed infections were
less immunocompromised, had an early diagnosis
of a mixed infection in the therapeutic course, a
short duration to the initiation of treatment, or early
removal of the EVD or V-P shunt to decrease the
risk of colonization of the device.

The usual presentation of enterococcal menin-
gitis is rapid onset of fever, consciousness distur-
bance, and signs of meningeal irritation. However,
seizures, coma, septic shock, focal neurological
deficit, or petechial rash are very unusual find-
ings. In our patients with enterococcal meningitis,
the clinical manifestations were fever, conscious-
ness disturbance and epileptic seizures. The clin-
ical features were not correlated with the clinical
outcomes in this study, which may be due to the
small number of patients. Further large-scale
studies are necessary to analyze the risk factors for
outcomes in enterococcal meningitis.

An increasing incidence of enterococcal
meningitis caused by resistant strains to penicillin,
ampicillin, vancomycin and aminoglycoside has
been reported2571214 Among our 13 patients, 1

had ampicillin resistance and 8 had gentamicin
resistance, but none of the patients had vancomycin
resistance. However, there were one patient received
linezolid treatment, 3 patient received ampicillin
treatment and 9 received vancomycin treatment.
Resistance was important when choosing the proper
antibiotics. However, this is not easy in clinical prac-
tice. In areview article, there were 117 patients with
enterococcal meningitis without vancomycin resis-
tantbut only 49 patients received ampicillintherapy>.
In our study, we choose the priority of vancomycin
might be related to older age in two spontaneous
enterococcal meningitis patients (78-year-old and
82-year-old; one had liver cirrhosis and one had head
injury history) and 6 were nosocomial enterococcal
meningitis with post neurosurgical intervention.
One patient was treated with linezolid for recurrent
meningitis after one months vancomycin treatment
in previous meningitis episode. We choose antibiotic
according to the past history, age , comorbidity and
the studies reported that vancomycin resistance may
be related to nosocomial infections, neurosurgical
procedures and previous antibiotic therapy®13-15,
The optimal therapy for vancomycin-resistant
enterococcal meningitis has not been established.
However, monotherapy or combination therapy
using antibiotics such as linezolid, chloramphenicol,
rifampicin, daptomycin, quinupristin-dalfopristin
either intravenously or intrathecally in patients with
vancomycin-resistant enterococcal meningitis has
been reported>13-15, Despite the complexity of the
implicated pathogens and the high incidence of the
emergence of multi-antibiotic-resistant strains that
may result in a therapeutic challenge in the choice
of the initial antibiotics, the patients may survive
with appropriate antibiotic therapy. We suggest that
the best initial antibiotic treatment is vancomycin
combined with a third-generation cephalosporin,
then shifting to appropriate antibiotics after the
susceptibility results have been obtained.
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Conclusion

Enterococcal meningitis should be considered
especially in patients who undergo neurosurgical
procedures and subsequently present with the clin-
ical features of meningitis including fever, altered
consciousness, and hydrocephalus. Despite thera-
peutic efforts, the mortality rate was high in the
patients with enterococcal meningitis. Therefore,
early recognition and appropriate antimicrobial
treatment are important for these patients.
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