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INTRODUCTION significant disability in survivors. In recent years, despite im-

provements in antimicrobial therapy and intensive care sup-
port, overall mortality rates related to bacterial meningitis of
around 20% to 25% have been reported by major centers (44,
195). Potential long-term neurological sequelae include cranial
nerve palsies, hemiparesis, hydrocephalus, and seizures as well

Bacterial meningitis is a severe, potentially life-threatening
infection that is associated with high rates of morbidity and
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as visual and hearing impairment (1, 44), which can have a
profound impact on the quality of life of the survivors.
Recurrent bacterial meningitis is a much less common phe-
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nomenon but generally poses a considerable diagnostic chal-
lenge. The early diagnosis of any underlying pathology is cru-
cial to prevent further episodes and improve the overall
outcome for the affected individual.

The last comprehensive literature review on recurrent men-
ingitis was published by Kline in 1989 (96). That author iden-
tified only 47 cases published in the preceding 10 years, which
consisted of 34 cases of cerebrospinal fluid (CSF) fistulas, 10
patients with immunodeficiency, and 3 cases in whom no pre-
disposing factor had been identified.

Advances in microbiology, immunology, and radiology since
that review have led to a further understanding of the mech-
anisms underlying recurrent meningitis. In this review, we sys-
tematically and comprehensively summarize the literature on
recurrent bacterial meningitis that has been published in the
last two decades. We also suggest a structured approach to
the investigation of patients with recurrent meningitis.

DEFINITION OF RECURRENT
BACTERIAL MENINGITIS

There is considerable confusion and disagreement about the
definition and terminology used in relation to the recurrence of
bacterial meningitis. Most authors have defined “recurrent
meningitis” as being two separate episodes of meningitis that
are separated by a period of convalescence and full recovery.
Therefore, true recurrence results from a reinfection with the
same or a different bacterial organism. In contrast, recrudes-
cence and relapse represent persistence of the “original” in-
fection resulting from treatment failure.

For this review, in accordance with most other authors (1,
42, 44), we defined recurrent bacterial meningitis as two or
more episodes of meningitis caused by a different bacterial
organism or, alternatively, a second or further episode caused
by the same organism with a greater-than-3-week interval after
the completion of therapy for the initial episode. In addition,
we included cases with two or more episodes of bacterial men-
ingitis defined by abnormal CSF results if the episodes oc-
curred a minimum of 3 weeks apart. These definitions were
designed to exclude cases of relapsing meningitis and recru-
descent meningitis.

All cases that were deemed to be iatrogenic in origin were
excluded from the review. These cases included patients who
had recurrent meningitis following neurosurgical operations
(e.g., ventriculoperitoneal shunts or spinal surgery), otorhino-
laryngological interventions (e.g., cochlear implants), or other
forms of cranial or maxillofacial surgery resulting in a CSF
leak. Cases secondary to the retention of intracerebral foreign
bodies (such as missile- and blast-related injuries) and onco-
logical patients undergoing intrathecal therapy were also ex-
cluded. Cases of meningitis caused by mycobacteria were also
excluded, as these are a separate entity.

SEARCH STRATEGY AND RESULTS

Publications in English between January 1988 and Decem-
ber 2007 were searched for using multiple strategies. The Med-
line database, using the PubMed interface, was searched using
the search terms “recurr*” and “meningitis” joined by the
Boolean operator “AND” (no limits set), which produced
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2,102 matches, 132 of which were relevant and included in the
review. A PubMed MeSH database search using the search
terms “recurrence” and “meningitis” produced 918 matches
but did not identify any further relevant publications. The
same search using the ISI Web of Science database identified
1,549 publications, including 4 relevant publications not previ-
ously identified (69, 73, 163, 169). In addition, all identified
publications were searched for further relevant references,
which identified another eight papers (63, 121, 129, 165, 189,
209, 215, 220). Only cases in which the likely underlying etiol-
ogy was described were included. In some instances where
insufficient data were presented in the manuscript to catego-
rize cases adequately, the authors were contacted and asked to
provide the missing details. Publications with substantial re-
maining uncertainties or insufficient details were not included
(71, 89, 182, 200, 207, 213).

One case with recurrent episodes of bacterial meningitis
caused by the same organism within a 3-week period was in-
cluded, as the authors demonstrated that different strains had
been involved (19).

EPIDEMIOLOGY OF RECURRENT
BACTERIAL MENINGITIS

A large retrospective study by Durand et al. established that
as many as 6% of patients presenting with community-acquired
meningitis develop a subsequent recurrence (44). A similar
proportion (5%) was reported by Adriani et al. in a more
recent prospective, nationwide study of adults with community-
acquired meningitis in The Netherlands (1). However, this
proportion may be considerably lower in children. Drummond
et al. reported that only 1.3% of children with meningitis ad-
mitted to a large tertiary unit over an 1l-year period had
experienced bacterial meningitis on at least one previous oc-
casion (42).

Based on their data, Adriani et al. estimated the annual
incidence of recurrent meningitis to be around 0.12 cases per
100,000 adults. Notably, in 26 of the 34 episodes of recurrent
meningitis recorded in that study, predisposing factors could
be identified, which included head injuries, history of CSF
leakage, and immunocompromise.

Both Durand et al. and Adriani et al. made interesting ob-
servations about the severity of illness and mortality in patients
with recurrent bacterial meningitis. Adriani’s group noted that
the mortality rate in their cohort of patients with recurrent
meningitis was only 15%, while the mortality rate in a cohort
with a single episode in the same country, thus having access to
the same treatment and facilities, was more than double (34%)
(216). An even more pronounced trend was observed by Du-
rand et al.,, who reported that none of their patients with
recurrent meningitis had died during the study period, com-
pared with a case fatality rate of 25% for patients presenting
with their first episode of bacterial meningitis. Adriani et al.
hypothesized that this was partly related to the fact that pa-
tients who had experienced previous episodes of meningitis are
likely to recognize the symptoms early and seek medical atten-
tion sooner, thereby improving their prognosis.
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ETIOLOGY OF RECURRENT BACTERIAL MENINGITIS

Predisposing factors for recurrent bacterial meningitis can
be broadly categorized into congenital and acquired conditions
and further divided into anatomical abnormalities, immunode-
ficiencies, and chronic parameningeal infections.

A total of 363 cases of recurrent bacterial meningitis re-
ported in 144 publications were identified in the systemic lit-
erature search of publications between 1998 and 2007. These
cases are summarized in Tables 1 to 3. Of these cases, 214
(59%) were related to anatomical problems, 132 (36%) were
related to immunodeficiencies, and 17 (5%) were related to
parameningeal infections. The majority of publications re-
ported only a single patient with recurrent bacterial meningitis
(105 reports [73%]). Only 15 reports described five or more
cases. There was a slight male predominance (1.2:1) in the 201
cases in which the gender was stated.

In the group of cases related to anatomical problems, the
abnormality was located in the cranial or cervical region in 198
cases (93%), compared with only 16 cases (7%) with defects in
lumbosacral location. By far, the largest group in this category
were cases of traumatic head injury with secondary CSF fistula,
accounting for almost one-half of all cases in this category (102
cases [47%]).

Individuals with complement deficiency dominated the cat-
egory of immunodeficient patients (72 cases [55%]). Human
immunodeficiency virus (HIV) infection was identified as be-
ing a predisposing factor in 43 (33%) cases, with all but 2 cases
reported in a single study (135). The remaining 17 (13%) cases
in this category consisted of individuals with agammaglobulin-
emia, immunoglobulin G (IgG) subclass deficiency, common
variable immunodeficiency, interleukin-1 receptor-associated
kinase 4 (IRAK-4) deficiency, and asplenia.

Of the patients with recurrent bacterial meningitis due to
chronic parameningeal infections, the majority (11 cases
[73%]) had a diagnosis of chronic otitis media and/or
chronic mastoiditis. Only two cases were attributed to
chronic sinusitis, and a further two cases were attributed to
chronic osteomyelitis.

In three cases, there was a presumed association with dis-
tinct syndromes. Two patients were suffering from neurofibro-
matosis type I, a neurocutaneous syndrome (28, 65). One of
these patients was found to have a meningocele; in the second
case, the authors assumed that a neurofibroma had eroded the
skull base. The third case was a patient with Maffuci’s syn-
drome, a rare disorder associated with multiple haemangio-
mata and enchondromata (202). As part of the disease process,
this patient had developed multiple bone and dural dehis-
cences of the skull base, resulting in CSF fistulas.

In 548 of the episodes of meningitis, the causative organism
was reported by the authors. Many patients had additional,
culture-negative episodes with CSF findings suggestive of bac-
terial meningitis. Microbiological results were not specified in
several publications. Streptococcus pneumoniae was the most
commonly isolated organism, responsible for 310 (56.6%) of
the culture-confirmed episodes of meningitis. Neisseria menin-
gitidis was identified as being the causative agent in 134
(24.5%) episodes; of these episodes, 123 (92%) occurred in
complement-deficient patients. The remaining culture-positive
episodes of meningitis comprised Haemophilus influenzae in 38
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episodes (6.9%), Escherichia coli in 23 episodes (4.2%), Staph-
ylococcus aureus in 13 episodes (2.4%), Salmonella spp. in 10
episodes (1.8%), Proteus spp. in 5 episodes (0.9%), enterococci
in 3 episodes (0.5%), and Klebsiella pneumoniae in 2 episodes
(0.4%). Streptococci were implicated in 10 episodes (1.8%)
(group A streptococci in 2, group B streptococci in 3, group D
streptococci in 2, and viridans streptococci [not further speci-
fied] in 3 episodes).

PREDISPOSING CONDITIONS ASSOCIATED WITH
RECURRENT BACTERIAL MENINGITIS

Congenital Anatomical Defects

Bacterial meningitis is believed to result predominantly from
blood-borne bacteria invading the cerebrospinal fluid space via
the choroid plexus (35, 225). In addition, a variety of cranial
and spinal anatomical defects can produce an abnormal com-
munication with the CSF space, thereby facilitating the migra-
tion of pathogenic organisms into the intradural and subarach-
noid spaces. In the cranial area, these pathological pathways of
entry are located mainly at the anterior skull base—composed
of frontal, ethmoid, and sphenoid bone—or the temporal
bone. Congenital neural tube defects, also called spinal dysra-
phism, are most commonly located in the lumbosacral area but
may occur elsewhere along the cervical or thoracic spine (191).

Heterotopic brain tissue. The extracranial location of brain
tissues is a rare phenomenon. Unfortunately, the classification
and terminology for heterotopic brain tissue used in the liter-
ature are confusing. One useful classification was proposed by
Knox et al., who divided extracranial congenital malformations
of the central nervous system into encephaloceles, gliomas, and
heterotopias depending on the presence or absence of an an-
atomical connection to the brain (97). While encephaloceles
retain an attachment to the brain, gliomas retain their connec-
tion in only 30% of the cases, and heterotopias represent
isolated remnants of neural tissue without central attachment.
Histologically, encephaloceles commonly contain neurons,
glia, choroid plexus, and meninges; in contrast, gliomas consist
predominantly of glial cells and fibrous tissue, rarely contain
neurons, and never contain choroid plexus or ependyma (224).

Encephaloceles are usually congenital and have less com-
monly been described as being an acquired condition caused by
rhinological operations or traumatic head injuries (20, 64, 196).
These are rare, with an overall incidence of congenital en-
cephaloceles in Western populations of approximately 1 per
11,500 live births (82).

Basal encephaloceles may protrude through the cribriforme
plate into the superior meatus (transethmoidal), through a
defect in the posterior ethmoid and sphenoid sinuses (spheno-
ethmoidal), or through a patent craniopharyngeal canal (trans-
sphenoidal) into the nasal and pharyngeal spaces (224). There-
fore, encephaloceles may present as feeding or respiratory
difficulties in the neonatal age, as nasal obstruction in child-
hood, or as recurrent meningitis at any stage. Interestingly,
spontaneous rinorrhea in this group appears to be rare and
occurs primarily after surgical interventions such as biopsy or
“polypectomy” (224). There have been reports of intranasal
encephaloceles that were initially misinterpreted as being nasal
polyps or sinusitis upon clinical examination or radiological
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imaging (98); the potentially deleterious consequences of such
misdiagnoses resulting in inappropriate surgical approaches
are obvious.

The literature search identified 19 cases of recurrent men-
ingitis secondary to heterotopic brain tissue, consisting pre-
dominantly of individuals with meningocele or encephalocele.
In seven (78%) of the nine cases in which the age was reported,
the first presentation was in childhood (28, 75, 82, 127, 140,
196). The remaining two patients presented at 21 and 40 years
of age (40, 74). In most cases, the gap between the initial
presentation and the diagnosis was 3 years or less. The notable
exception was a patient with a transethmoidal intranasal me-
ningoencephalocele, who had his first episode of bacterial
meningitis at 12 years of age but was diagnosed 40 years later,
having suffered five further episodes of bacterial meningitis in
the interim (75).The vast majority of meningitis episodes in
this group were caused by S. preumoniae (83%), followed by S.
aureus (11%) and N. meningitidis (6%).

Epidermoid cysts, dermoid cysts, and dermal sinus tracts.
Epidermoid and dermoid cysts are developmental tumors that
originate from the inclusion of epidermal or dermal compo-
nents within the neuroaxis during the embryonic stage and can
consequently be located intracranially or intraspinally. While
epidermoid cysts contain only keratinized epithelium, dermoid
cysts also contain additional dermal elements including hair,
connective tissue, and sebaceous glands. The vast majority of
patients with epidermoid and dermoid cysts present with slowly
progressing neurological symptoms in adulthood, such as head-
aches, seizures, and disequilibrium, rather than with meningitis
(228). However, both tumors can cause recurrent, episodic
aseptic meningitis by rupturing cyst contents into the subarach-
noid space, which is thought to result in chemical irritation
(103, 106, 188).

Bacterial meningitis in association with these tumors is most
commonly related to a coexisting dermal sinus tract, which is
due to the incomplete separation of the cutaneous ectoderm
from the neural ectoderm during embryonic development. The
tract may appear as only a tiny dimple in the midline of the
spine or the posterior skull, and identification upon physical
examination may be challenging, particularly when located in
the occipital region, where the opening may be covered by hair
(10, 103, 198). In a spinal location, dermal sinus tracts are
frequently associated with visible cutaneous stigmata in the
surrounding area, such as naevi, port wine stains, or a tuft of
hair (10).

The spectrum of organisms causing bacterial meningitis in
the group with occipital lesions consists predominantly of con-
stituents of the skin flora, with S. aureus being the most com-
monly isolated organism (198, 206). In contrast, in infants and
young children with dermal sinuses in the lumbosacral loca-
tion, gram-negative organisms, particularly E. coli, and entero-
cocci are the most common causative organisms of meningitis,
most likely secondary to fecal contamination (10, 115).

The literature search identified 24 cases of recurrent bacte-
rial meningitis associated with dermoid and epidermoid cysts
(6, 10, 26, 80, 103, 115, 172, 198). Histologically, only one
tumor was determined to be an epidermoid cyst (26); 17 cases
were reported as being dermoid cysts. The location was intra-
cranial in 5, cervical in 1, thoracic in 3, and lumbosacral in 15
cases. In all cases, an abnormal connection to the CSF space
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was present in the form of a dermal sinus tract. The majority of
patients in this group experienced their first episode of men-
ingitis in the first few months of life. The exception is the case
of a girl who presented with Proteus mirabilis meningitis at the
age of 25 months (26). She was readmitted with another epi-
sode of meningitis due to the same organism 4 months later
and was subsequently found to have an intracranial epider-
moid cyst associated with a dermal sinus tract that terminated
in the occipital region.

Neurenteric cysts. Neurenteric cysts are congenital malfor-
mations originating from endodermal tissue and are located
mainly in the mediastinum (131, 199). Less commonly, they
can occur in the spinal canal in an intradural or intramedullary
location, when they are generally ventrally located to the spinal
cord (111). Patients may therefore present with cardiac or
respiratory compromise secondary to the intrathoracic mass
effect or signs of cord compression (131). Less frequently,
affected individuals present with episodic aseptic meningitis
due to the leakage of cystic fluid, analogous to the phenome-
non described in connection with epidermoid and dermoid
cysts mentioned above, or bacterial meningitis (9, 131).

The literature search identified four cases of recurrent bac-
terial meningitis associated with this condition (2, 70, 115,
131). In three cases, the neurenteric cyst was located in the
suboccipital region or cervicomedullary junction, and in one
case, the lesion was found in the presacral area. The patient
with a premedullary neurenteric cyst described by Lieb et al.
experienced three further episodes of bacterial meningitis de-
spite surgical removal of the cyst (115). After multiple diag-
nostic and surgical procedures, a coexisting small fistulous duct
between the posterior cranial fossa and the left Eustachian
tube was identified as being the cause. The difficulty of diag-
nosing these patients is also illustrated by the case of a 10-
year-old girl, who experienced a total of 59 episodes of men-
ingitis (32 culture-confirmed episodes) and had undergone
eight surgical explorations before the diagnosis was eventually
made (70). The most common causative organism in this group
of patients was again S. pneumoniae (37%), closely followed by
H. influenzae (34%) and S. aureus (23%).

Mondini dysplasia and other congenital inner ear malfor-
mations. Mondini dysplasia and other forms of congenital in-
ner ear malformations accounted for a large proportion of
cases of recurrent bacterial meningitis (55 of 363 cases). The
predisposition to develop bacterial meningitis in these condi-
tions results from a fistulous connection between the CSF
spaces and the middle ear, which in turn is connected to the
nasopharynx via the Eustachian tube. Organisms causing men-
ingitis in this context are therefore frequently nasopharyngeal
commensals.

Mondini dysplasia, one of the more common congenital inner
ear dysplasias, is thought to result from a developmental arrest
around the seventh week of the embryonic stage (158). The co-
chlea characteristically consists of 174 turns instead of the normal
2V turns in association with a deficient interscalar septum. The
underlying CSF fistula in Mondini dysplasia occurs primarily
through a deficient oval window or stapes footplate into the mid-
dle ear (154, 187). There can be uni- or bilateral involvement.
Most affected individuals have profound sensorineural hearing
loss, but hearing is preserved to some extent in some cases
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(154). Mondini dysplasia usually occurs in isolation but has
been described in association with Klippel-Feil syndrome,
Pendred’s syndrome, and Di-George syndrome.

In the absence of an alternative explanation, patients with
recurrent meningitis, particularly children, should always be
tested for a hearing impairment that might suggest an inner ear
malformation. A number of pitfalls may delay the diagnosis of
Mondini dysplasia. The malformation may be unilateral, and
hearing problems, particularly in younger children, may go
unnoticed. In addition, the hearing impairment might be mis-
interpreted as resulting from preceding episodes of meningitis
(154). Also, there have been several reports where CSF leaks
into the middle ear, producing a fluid level behind the tym-
panic membrane or bulging of the same in conjunction with
hearing impairment, were initially misinterpreted as being be-
nign serous otitis media (122, 208). As a result, some of these
patients underwent myringotomy and insertion of a ventilation
tube, which may have exacerbated the situation further by
creating an additional portal of entry for bacteria (208). Thus,
a persistently or intermittently bulging tympanic membrane in
conjunction with recurrent meningitis should always raise sus-
picion. In this scenario, the distinction between CSF and se-
rous exudate can easily be made via B,-transferrin analysis (see
the section on examination).

A review by Ohlms et al. in 1990 summarized a total of 39
cases of Mondini dysplasia associated with meningitis (154).
Strikingly, only three of these cases were diagnosed after the
first episode of meningitis, while the remaining patients suf-
fered between 2 and 20 episodes before the correct diagnosis
was made. All episodes reported in that review were caused
either by S. pneumoniae or, less frequently, by H. influenzae.

In the cases associated with inner ear malformations iden-
tified in the literature search (Table 1), in addition to these two
organisms, there were also three cases in which N. meningitidis
was identified as being the causative agent (31, 141, 164) and
two cases caused by viridans streptococci (120, 133). One of
these occurred in an infant who developed meningitis due to
Streptococcus sanguis at 1 month of age, followed by pneumo-
coccal meningitis at 4 months.

The likelihood of a patient with inner ear malformations
acquiring meningitis appears to be surprisingly high. In a series
of 20 patients with congenital inner ear malformations de-
scribed by Phelps et al., one-quarter developed recurrent men-
ingitis; in one case, the second episode was fatal (164).

The majority of cases of meningitis related to Mondini’s
dysplasia and other inner ear malformations occur under the
age of 10 years, with only a few cases reported for adults (165,
177). In the unusual case of a 33-year-old patient who devel-
oped his first episode of meningitis at age 29, both a preceding
fall as well as deep sea diving may have contributed to the
development of a CSF leak via a circular defect in the stapes
footplate (177).

Plain skull X-rays are rarely helpful in this setting, and high-
resolution computer tomography (CT) scanning of the tempo-
ral bones is considered to be the method of choice to confirm
the diagnosis by most authors (133, 164, 165, 171).

Neural tube defects. Lumbosacral neural tube defects such
as meningoceles and meningomyeloceles are classical exam-
ples of congenital malformations with abnormal communica-
tion between the skin surface and the CSF spaces. Most are
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diagnosed prenatally by ultrasound or at birth and treated by
early neurosurgical interventions. This may partly explain why
the literature search identified only one case of recurrent men-
ingitis in this group reported in the last two decades. The
decline in the prevalence of neural tube defects in industrial-
ized countries in the last decade attributable to folic acid sup-
plementation and food fortification may be an additional fac-
tor (39, 191, 192). Another explanation may be that the
association between an open neural tube defect and meningitis
is too well described to warrant further publications. However,
in rare instances, the identification of the defect might still
prove challenging. This is illustrated by the case of an infant
with recurrent meningitis who had an occult anterior sacral
meningocele identified only after a CT scan following three
episodes of meningitis (59).

Asplenia. Asplenia is most commonly due to the surgical
removal of the spleen following trauma or related to a variety
of hematological conditions. Individuals with absent spleen are
at an increased risk of overwhelming bacterial infections with
encapsulated organisms, particularly S. pneumoniae and H.
influenzae (37). Congenital asplenia occurs mainly in the con-
text of Ivemark syndrome (also referred to as asplenia syn-
drome), which consists of congenital heart disease, complex
thoracoabdominal heterotaxia, and asplenia (27). However,
rare cases of isolated congenital asplenia have also been de-
scribed and have been associated with recurrent pneumococcal
meningitis on three reported occasions (62).

The literature search identified 11 cases of asplenia associ-
ated with recurrent bacterial meningitis. Five had congenital
asplenia, and the remaining six had undergone splenectomy for
various medical reasons. One patient in the latter group was
also infected with HIV. There were a total of 21 culture-
positive episodes of meningitis reported in this group. Strik-
ingly, with the exception of one case due to Streptococcus bovis,
all other episodes were due to S. pneumoniae (Table 2).

Acquired Anatomical Defects

Head injuries. Reports of patients with CSF fistulas as a
result of head injury represented the largest group of cases
(28%) of recurrent bacterial meningitis identified in the liter-
ature search.

Reports suggest that CSF leaks occur in approximately 2% of
all head injuries and in about 5% to 12% of basal skull fractures
(58, 114, 166). According to Brodie and Thompson, as well as
Friedman et al., CSF fistulas are most commonly associated with
fontal sinus fractures, followed by orbital and petrous bone frac-
tures (21, 58). The majority of these posttraumatic CSF leaks
resolve through spontaneous closure within the first 24 to 48 h
(58). While most affected adult patients have clinical symptoms
suggestive of a CSF leak, consisting primarily of rinorrhea or
otorrhea, a smaller proportion have clinically occult leaks (58).
The diagnosis in children is more challenging, as CSF rhinorrhea
is often not recognized unless externally apparent.

There have been numerous reports of CSF leaks with a delayed
onset following the injury. In most cases, these fistulas become
apparent within the first month (58), but delays up to several years
have been reported, including a patient who developed rhinor-
rhea 34 years after sustaining a head injury (179).

Persistent CSF fluid fistulas after head injury can lead to
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TABLE 1. Anatomical problems associated with recurrent bacterial meningitis®

enterococci (3),
S. pneumoniae (1),
Klebsiella (1)

Condition I’]F(:).tglf Medi%n age at Mediap age at Organism(s)” i'solaied Reference(s)
cases onset” (range) diagnosis (range) (no. of occasions®)
Cranial and cervical anatomical
defects
Heterotopic brain tissue 19 7 yr (6 wk—40 yr) 13.5 yr (3 yr—65 yr) S. pneumoniae (15), 16, 28, 40, 48, 60,
(congenital) S. aureus (2), 74,75, 82, 127,
(meningocele/ N. meningitidis (1) 128, 140, 162,
meningoencephalocele) 183, 196, 224
Meningioma 1 49 yr 53 yr S. pneumoniae (1) 91
Skull base defects (likely
congenital)
Ethmoid bone 3 3.5 yr (3 yr—4 yr) 6 yr (5 yr-12 yr) S. pneumoniae (5) 24, 159, 183
Petrosal bone 5 2 yr (1.5 yr—4 yr) 6.5 yr (6 yr-29 yr) S. pneumoniae (8), 13, 19, 107, 138,
H. influenzae (2), 222
N. meningitidis (1)
Sphenoid sinus 3 n.a. 47 yr (32 yr—63 yr) S. pneumoniae (1)° 72,183
Dermoid cyst/epidermoid 5 0.5 yr (2 wk-2 yr) 1 yr (3 mo-3 yr) E. coli (4), P. mirabilis 26, 80, 103, 110,
cyst/dermal sinus tract (3), S. aureus (3) 172, 198
Cranial lymphangiomatosis 1 19 mo 35yr H. influenzae (2), group A 145
streptococcus (2),
S. pneumoniae (1)
Neurenteric cyst 4 0.1 yr (1 wk-1 mo) 9 yr (4 yr-13 yr) S. pneumoniae (13), 2,70, 115, 131
H. influenzae (12),
S. aureus (8), group B
streptococcus (1), group
D
streptococcus (1)
Inner ear abnormality 42 1.7 yr (1 mo-23 yr) 5 yr (4 mo-24 yr) S. pneumoniae (36), 15, 31, 81, 87, 93,
(unspecified) H. influenzae (8), 116, 121, 122,
N. meningitidis (3), 133, 137, 142,
viridans 160, 164, 165,
streptococcus (1) 171, 1788 203,
208, 209
Mondini dysplasia 13 4 yr (1 yr-8 yr) 5.9 yr (1.5 yr-9 yr) S. pneumoniae (15), 3,76, 95, 120,
N. meningitidis (2), 137, 141, 143,
H. influenzae (1), 154, 1785 212,
viridans 215
streptococcus (1)
Head injury/basal skull 102 9 yr (8 mo-36 yr) 16.5 yr (3 mo-56 yr) S. pneumoniae (100), 1,4,5,8, 14, 22,
fractures” H. influenzae (7), 24, 36, 42, 46,
N. meningitidis (4), 54, 58, 64, 66,
group B 69, 78, 79, 90,
streptococcus (1) 92, 94, 98, 100,
105, 118, 124,
139, 146, 156,
163, 167, 172,
201, 205, 217,
223,227
Lumbosacral anatomical defects
Meningocele 1 4 mo 1yr K. pneumoniae (1), 59
Proteus mirabilis (1)
Dermal sinus/dermoid cyst 15 1 yr (2 mo-5 yr) 1.5 yr (1 yr-5 yr) E. coli (14), 6, 10, 115, 172

“ Patients with more than one risk factor were recorded in all the relevant categories. All patient included had at least two episodes of meningitis (clinical features

and results suggestive of bacterial meningitis), but the causative organism was not identified in all episodes.

b Age at onset is age at the first episode of meningitis. n.a., no data available.

¢ Organisms determined by CSF culture, CSF antigen testing, or positive blood culture with CSF analysis suggestive of bacterial meningitis

4 Number of separate occasions at which an organism was isolated; i.e., one patient may have had several episodes caused by different organisms.

¢ The actual number of S. pneumoniae-positive meningitis episodes is probably higher; the second article provided insufficient details.

/The patient described by Hristea et al. with 28 episodes of pneumococcal meningitis was included as a single episode (79).

& Additional data that were not included in the original publication were provided by the author; V. Rupa confirmed that the CSF findings are indicative of bacterial
meningitis.

" Additional data that were not included in the original publication were provided by the author. L. Al-Shamsan provided the number of meningitis episodes and
age at onset.
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TABLE 2. Immunodeficiencies associated with recurrent bacterial meningitis”

Total . . . .
Condition n(g).tgf Medl%n age at Medlap ag'e at Organism(s)“ 1§01a;ed Reference(s)
cases onset” (range) diagnosis (range) (no. of occasions®)
HIV infection® 43 n.a n.a. S. pneumoniae (23), 1, 68, 135/ 136
Salmonella spp. (10), Hib
(2), E. coli (1)
Complement deficiencies
C factor I 1 22 yr n.a. N. meningitidis (2) 67
(67 5 1 yr (1 mo-1.3 yr) 2 yr (1 yr-37 yr) S. pneumoniae (7), 86, 193
N. meningitidis (2), group
B streptococcus (1)
C3 7 3 yr (1 mo—6 yr) 4 yr (3.5 yr—41 yr) S. pneumoniae (29), 18, 36, 50, 52, 54,
N. meningitidis (3) 180, 210
C3b inhibitor 1 4 mo n.a. N. meningitidis (4), 124
S. pneumoniae (1)
C4 1 S51yr n.a. S. pneumoniae (2) 124
C4b 1 3 mo 17 yr n.a. 83
C5 5 8.5 yr (3 yr—15 yr) 16 yr (7 yr—44 yr) N. meningitidis (9) 29, 38, 124, 175, 180
Co 26 23 yr (2 yr-37 yr) 43 yr (25 yr-45 yr) N. meningitidis (54) 33, 56, 148, 1705 194
Cc7 5 10 yr (1 yr-18 yr) 20 yr (11 yr-20 yr) N. meningitidis (13) 7, 124, 150, 168, 223
C8 19 15 yr (1 yr-28 yr) 21 yr N. meningitidis (35) 168, 174
C9 1 23 yr 56 yr N. meningitidis (1) 229
Agammaglobulinemia 2 1.8 yr (6 mo-3 yr) 2.8 yr (8 mo-5 yr) S. pneumoniae (2) 49, 104
IgG subclass deficiency 3 2.5 yr (11 mo-16 yr) 4 yr (14 mo-18 yr) S. pneumoniae (7) 56, 73, 153
Common variable 1 7 yr 8 yr S. pneumoniae (2) 157
immunodeficiency
IRAK-4 deficiency 1 n.a. n.a. S. pneumoniae (2) 129
Asplenism (iatrogenic and 10 13 yr (3 mo-38 yr) 14 yr (6 mo-39 yr) S. pneumoniae (21), 1, 42, 62, 63, 78, 102,
congenital)* Streptococcus bovis (1) 136, 167, 189, 201

¢ Patients with more than one risk factor were recorded in all the relevant categories. All patients included had at least two episodes of meningitis (clinical features
and results suggestive of bacterial meningitis), but the causative organism was not identified in all episodes. n.a., no data available.

> Age at onset indicates the age at the first episode of meningitis.

¢ Organisms were determined by CSF culture, CSF antigen testing, or positive blood culture with CSF analysis suggestive of bacterial meningitis.

4 Number of separate occasions at which an organism was isolated; i.e., one patient may have had several episodes caused by different organisms.

¢ One patient was HIV positive and had a splenectomy before the onset of recurrent meningitis.

/Incorporates additional data provided by author that were not included in the original publication; E. M. Molyneux provided more detailed data on the cohort

described in the text.

& Incorporates additional data provided by author that were not included in the original publication; the number of episodes of meningitis in some individuals was
considerably greater than 2, but exact figures were unclear (P. C. Potter and A. Orren, personal communication).

posture-related headaches and pneumocephalus and render
the individual vulnerable to invasion of the intradural space by
organisms inhabiting the nasopharyngeal spaces. A retrospec-
tive analysis of 160 patients with CSF leak after closed head
injury by Eljamel and Foy suggests that the risk of developing
meningitis is greatest (9.1%) in the first week after the trauma
(46). Following this period, those authors estimated the risk to
be around 8% per month for the first 6 months and about 8%
per year thereafter.

The literature search identified 102 patients with recurrent
meningitis secondary to head injury. Most publications in this
category were single case reports or very small case series. Only
five publications described more than five cases (1, 46, 58, 124,
184). In many cases, there was a significant gap between the
traumatic event and the first presentation with meningitis. In
one unusual case, this interval was 31 years (205). Numerous
reports highlighted patients who had suffered several episodes
of meningitis before the correct diagnosis was made (79, 90, 92,
184, 223). At the extreme end of the spectrum was a patient

with a posttraumatic ethmoidal CSF fistula with 39 episodes of
bacterial meningitis (including 28 episodes of pneumococcal
meningitis) over a 20-year period despite immunization with a
polyvalent pneumococcal vaccine and prophylaxis with penicil-
lin (79).

S. pneumoniae was by far the most common causative agent
in this group of patients, accounting for 89% of all culture-
positive episodes, followed by H. influenzae (6%) and N. men-
ingitidis (4%).

One interesting report described a 45-year-old woman with
meningitis who had experienced intermittent watery discharge
from the left nostril from the time she had sustained a severe
head injury as a child. Group B streptococci were cultured
from the CSF. Although those authors did not confirm the
presence of a CSF leak, as the patient died despite adequate
therapy, an underlying fistula appears to be likely. In this con-
text, it should be mentioned that although group B streptococ-
cal meningitis occurs predominantly in the neonatal period, it
does infrequently affect adults (43, 181).
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Neoplasias. Cranial tumors resulting in the erosion of the
skull base only rarely appear to be associated with recurrent
meningitis unless in association with complications related to
neurosurgery or radiotherapy. The literature search identified
a single case in this category, a 53-year-old woman diagnosed
with a meningioma, who experienced two episodes of menin-
gitis 4 years apart before the tumor was identified (91). How-
ever, the involvement of a CSF fistula in this case remains
unclear, as there was no involvement of the middle ear and no
evidence of temporal bone dehiscence intraoperatively.

Congenital Inmunodeficiencies

Data from the above-mentioned prospective study on com-
munity-acquired recurrent meningitis by Adriani et al. sug-
gested that only 9% of cases have an underlying immunodefi-
ciency (1). However, that study included patients who had
undergone neurosurgery, therefore skewing the data in favor
of anatomical defects. Also, no predisposing condition was
identified in 23% of the patients in that study. The particular
immunological investigations undertaken were not detailed,
but complement deficiencies were not routinely assessed. It is
therefore possible that the proportion attributable to immu-
nodeficiencies was considerably higher. Thus, all individuals
with recurrent bacterial meningitis without an obvious history
or clinical finding suggestive of an anatomical problem should
undergo an immunological evaluation as outlined below.

Complement deficiencies. Deficiencies have been described
for almost all known components and regulatory proteins of
the complement system (53). Activation of the complement
system can occur via three independent pathways, the classical,
the alternative, and the mannan-binding lectin pathways, and
results in the formation of the membrane attack complex con-
sisting of the terminal complement components C5b, C6, C7,
C8 and C9.

Complement deficiencies are generally associated with an
increased risk of bacterial infections but have also been linked
to autoimmune disorders, particularly systemic lupus erythem-
atosus (204, 211). Complement plays a particularly important
role in the defense against encapsulated bacteria including N.
meningitidis, Neisseria gonorrhoeae, S. pneumoniae, and H. in-
fluenzae (53).

An outstanding review by Ross and Densen, encompassing
242 patients with complement deficiency, established that 25%
of the patients reported in the literature at that point had
acquired systemic infection with either N. meningitidis or N.
gonorrhoeae (176). Interestingly, 39 of the 47 cases (83%) of
invasive meningococcal disease (meningitis/sepsis) captured in
that review were patients with terminal complement deficiency
(C5 to C9), while only a small proportion were cases of C1 to
C4 or complement factor I, H, or P deficiency.

Homozygous C2 deficiency is the most common form of
complement deficiency and is estimated to occur with a
frequency of about 1 in 10,000 individuals (176). The ma-
jority of C2-deficient individuals appear to be asymptomatic,
while others develop collagen-vascular disease and experi-
ence increased susceptibility to infection (51, 176, 193). A
literature review by Fasano et al. documented that S. pneu-
moniae (64%) and H. influenzae (20%) are the most com-
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mon causative agents in invasive disease (meningitis/sepsis)
in C2-deficient individuals, with N. meningitidis playing a
relatively minor role (51).

We observed a very similar trend in the cases identified in
the literature search (Table 2), consisting of 73 complement-
deficient patients suffering from recurrent bacterial meningitis,
with a total of 165 culture-proven episodes of meningitis. Of
these, 57 (78%) patients (involving 114 episodes) had a defi-
ciency of one of the terminal complement components (C5 to
C9). In this group, every episode of culture-proven meningitis
was caused by N. meningitidis. In contrast, in the remaining
group of complement-deficient patients, comprising individu-
als with complement factor I, C2, C3, C3b, C4, and C4b defi-
ciency, only 22% of the episodes were due to N. meningitidis,
while the majority were caused by S. prneumoniae (76%).

Most individuals with terminal complement component de-
ficiency (TCCD) captured in our review presented with their
first episode of meningitis in late childhood or early adulthood
(median age, 16 years) (Table 2), consistent with the findings
of Platonov et al. (168). Despite the increased risk of systemic
meningococcal infections, affected individuals generally de-
velop milder disease, a phenomenon that is not fully under-
stood. In the study reported by Platonov et al., none of the TCCD
patients presenting with invasive meningococcal disease died, and
only 39% had severe disease, in comparison with mortality rates
of 8% and 61% of severe disease in a control group of individuals
without complement deficiencies. Similar observations were re-
ported by other authors (53, 175, 176).

X-linked agammaglobulinemia. X-linked agammaglobulin-
emia or Bruton’s disease is a primary immunodeficiency
caused by mutations in the Bruton tyrosine kinase gene, which
is required for normal B-cell development and, consequently,
the production of functional antibodies (61, 117).

A publication from the U.S. national X-linked agammaglob-
ulinemia registry, which included 201 individuals, reported that
as many as 25 patients (12%) experienced either encephalitis
or meningitis (226). The leading causes of central nervous
system infections in this group were enteroviruses (echovirus,
coxsackievirus, and poliovirus), followed by S. pneumoniae and
Haemophilus influenzae type b (Hib). However, in that report,
there was no mention of cases of recurrent meningitis, suggest-
ing that this is not a major feature of this condition. The
literature search did, however, identify two reports of patients
with X-linked agammaglobulinemia who experienced recur-
rent bacterial meningitis. The first case was a 5-year-old boy
who had three recurrences of meningitis (no organism was
specified) and was subsequently found to have very low immu-
noglobulin levels, low B-cell numbers, and atrophy of the lym-
phoid tissue (49), which was strongly suggestive of X-linked
agammaglobulinemia, although no genetic confirmation was
sought. The second case was an 8-month-old boy with two
episodes of pneumococcal meningitis whose diagnosis was con-
firmed by genetic testing (104).

IgG subclass deficiency. IgG subclass-deficient individuals
are at increased risk of invasive bacterial infections in general
and infections with S. pneumoniae and H. influenzae in partic-
ular (57, 190). Affected individuals have been found to be
especially prone to recurrent respiratory and sinopulmonary
infections (57, 190).

Three reports identified in the literature search described



VoL. 21, 2008

cases of recurrent meningitis, which were attributed to IgG
subclass deficiency (56, 73, 153). In a case described by Harfi et
al., of a 4-year-old boy with three episodes of proven pneumo-
coccal meningitis, combined IgG2/IgG4 deficiency was the only
predisposing factor that could be identified despite an exhaus-
tive search (73). One other patient in this group was diagnosed
with the same deficiency, while the remaining patient had IgG3
subclass deficiency. All culture-positive episodes of meningitis
in these two patients had also been caused by S. pneumoniae.

IRAK-4 deficiency. Of particular interest in the category of
immunodeficiencies was a patient with an IRAK-4 defect de-
scribed by Medvedev et al., as that report demonstrates how
much our understanding of immunology and molecular biology
has evolved over the last few years, illuminating complex host-
pathogen interactions (129). In brief, IRAK-4 is involved in the
intracellular signal transduction pathway of Toll-like receptor
4, which is activated by ligating with lipopolysaccharide. Ulti-
mately, this pathway leads to nuclear factor kB (NF-«kB) trans-
location, which in turn results in increased levels of production
of cytokines and the expression of costimulatory molecules
(130).

The patient described in that report, by then a 21-year-old
woman, had experienced 13 severe bacterial infections in the
first 15 years of life, including two episodes of pneumococcal
meningitis at 9 and 20 months of age, endophthalmitis with N.
meningitidis, and several episodes of cellulitis due to S. aureus.
In contrast to the severity and spectrum of bacterial diseases, it
was of note that this patient did not experience significant
problems with either viral or fungal infections.

Acquired Immunodeficiencies

HIV infection. Infection with HIV typically predisposes in-
fected individuals to cryptococcal meningitis but also to myco-
bacterial and bacterial meningitis (84, 126, 134). Several stud-
ies have shown that both children as well as adults with HIV
infection have a significantly increased risk of acquiring pneu-
mococcal infections (17, 101, 149). Epidemiological data sug-
gest that individuals with untreated HIV infection have a
higher risk (>40-fold) of acquiring invasive pneumococcal dis-
ease than uninfected individuals (149). However, since the
advent of highly active antiretroviral therapy, there has been a
significant reduction in invasive pneumococcal disease in the
HIV-positive population (77).

In an interesting study by Molyneux et al., which evaluated
the effect of HIV infection on bacterial meningitis in a pedi-
atric cohort in Malawi over a 3-year period, 64 episodes of
recurrent meningitis were recorded (135). Strikingly, 68% of
the recurrences of meningitis had occurred in HIV-positive
children, representing only 34% of the study population. Based
on their data, those authors estimated the risk of recurrence of
meningitis in HIV-infected children compared to HIV-unin-
fected children to be around six times higher. In HIV-positive
patients with culture-positive, recurrent meningitis, the most
common causative agents in that study were S. pneumoniae (n =
18 [58%]) and Salmonella species (n = 10 [32%]) (E. Moly-
neux, personal communication). The proportion of meningitis
cases caused by S. pneumoniae in HIV-infected children was
significantly greater than that in the HIV-uninfected group.

Further support for the highly probable association between
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recurrent pneumococcal meningitis and HIV infection comes
from two other reports, each describing one HIV-infected in-
dividual with two and three episodes of culture-proven pneu-
mococcal meningitis, respectively (1, 136). It should be noted
however, that the patient described by the former group had
previously also undergone splenectomy for refractory idio-
pathic thrombocytopenic purpura, which constitutes an addi-
tional risk factor for pneumococcal disease, as illustrated
above.

Chronic Parameningeal Infections

Parameningeal infections, which primarily include sinusitis,
otitis media, and mastoiditis, can result in central nervous
system infections by continuous spread through bony layers
and the periosteum of the skull and, to a lesser extent, via the
hematogenous route.

The most common complication of paranasal sinusitis is
orbital cellulitis, followed by intracranial infection (32, 221). A
large study of 649 cases of acute or chronic sinusitis reported
that 3.7% of the patients developed intracranial complications
comprising frontal lobe abscess (46%), meningitis (29%), and
subdural empyema (8%) (32). The most commonly implicated
organisms included staphylococci, streptococci (group A strep-
tococci and pneumococcus), H. influenzae, and anaerobic or-
ganisms.

Otitis media, in contrast, is far less commonly associated
with intracranial complications. Kangsanarak et al., who con-
ducted a retrospective analysis of 17,144 patients with acute or
chronic suppurative otitis media, found that only 43 (0.24%)
patients developed intracranial complications, consisting
mainly of meningitis (51%) and brain abscess (42%) (88). In
that study, the bacteria most commonly isolated from intracra-
nial specimens were Proteus mirabilis, staphylococci, and
Pseudomonas aeruginosa.

The literature search identified 15 cases in which the authors
suggested that a chronic parameningeal focus had been the
source of recurrent episodes of meningitis (11, 56, 78, 102, 124,
127, 161, 167, 169, 215). This group comprised 11 cases of
chronic otitis media and/or mastoiditis, two cases of chronic
sinusitis (sphenoidal and maxillary), and two cases of chronic
osteomyelitis of the skull (Table 3). However, in the two cases
of osteomyelitis, the causal relationship was somewhat doubt-
ful. In a case described by Avasthi et al., there was clear
evidence of simultaneous frontal sinusitis (11). The second
case, a 38-year-old female patient, experienced two episodes
each of bacterial meningitis and septicemia due to S. pneu-
moniae and subsequently underwent extensive immunological
and radiological investigations (102). This revealed that the
patient had congenital asplenia, a more likely predisposing
factor for pneumococcal infection than the focus of mandibu-
lar osteitis identified in this case.

The most commonly isolated organisms in this group with
parameningeal infections were S. pneumoniae (15 episodes)
and H. influenzae (four episodes), while Proteus vulgaris was
found in only one case. Additionally, there was the unusual
case of a 43-year-old woman, described by Passeron et al., who
developed four episodes of culture-confirmed E. coli meningi-
tis secondary to sphenoidal sinusitis (161) (Fig. 1).
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TABLE 3. Chronic infections and other conditions associated with recurrent bacterial meningitis”

Total . . . .
Condition mg 2f Mediz;n age at Medlap age at Organism(s)” 1§ola(t1ed Reference(s)
cases onset” (range) diagnosis (range) (no. of occasions?)
Parameningeal infections
Chronic sinusitis 2 42 yr 32 yr (21 yr-43 yr) E. coli (4) 78, 161
Chronic otitis media/ 11 19 yr (11 mo—46 yr) 29 yr (3 yr-47 yr) S. pneumoniae (11), 56, 78, 124, 127, 167,
mastoiditis H. influenzae (4), 169, 215
Proteus vulgaris (1)
Chronic osteomyelitis 2 38 yr 27 yr (15 yr-39 yr) S. pneumoniae (4) 11, 102
Maffuci’s syndrome 1 2yr n.a. S. pneumoniae (2) 202
Neurofibromatosis type 1 2 11 yr (4 yr—18 yr) 14 yr (8 yr—20 yr) S. pneumoniae (1) 28, 65

“ Patients with more than one risk factor were recorded in all the relevant categories. All patients included had at least two episodes of meningitis (clinical features
and results suggestive of bacterial meningitis), but the causative organism was not identified in all episodes. n.a., no data available.

> Age at onset indicates age at the first episode of meningitis.

¢ Organisms were identified by CSF culture, CSF antigen testing, or positive blood culture with CSF analysis suggestive of bacterial meningitis.
4 Number of separate occasions at which an organism was isolated; i.e., one patient may have had several episodes caused by different organisms.

POTENTIAL INDICATORS OF UNDERLYING CONDITIONS
Age at Onset

A number of underlying diseases are associated with a par-
ticular age distribution with regard to the first presentation,
which may help reduce differential diagnoses and consequently
aid in the planning of investigations.

There was no clear association with a particular age group in
the group of patients with head injuries (age range at presen-
tation, 8 months to 36 years), most likely due to the fact that
head trauma may be sustained at any stage in life.

Presentation in childhood. Patients with lumbosacral lesions,
including meningocele, meningomyelocele, and dermoid cysts
with dermal sinus, almost universally presented in infancy (Table
1). As these abnormalities produce a direct connection between
the spinal tract and the skin surface in the lower back region and
as contact with fecal matter occurs on a regular basis in infants in
diapers, they are predestined to infection with predominantly
gram-negative organisms. In contrast, children with cranial, cer-
vical, and thoracic dermal sinuses and/or dermoid cysts tended to
present slightly later but generally still in early childhood.

All four patients with a neurenteric cyst presented with recur-
rent episodes of meningitis in childhood; one patient in this group
developed meningitis with S. aureus at 7 days of age, an unusual
pathogen in this age group, followed by three episodes of strep-
tococcal meningitis over the first 16 months of his life (115).

The vast majority of individuals with Mondini dysplasia and

other forms of inner ear malformations with CSF leak experi-
enced their first episode of meningitis in infancy or early child-
hood. The median age at the first episode of meningitis in this
group was 3 years, with a range of 1 month to 23 years. None
of the patients with Mondini dysplasia presented in adulthood.
Only in three patients with inner ear malformations the initial
episode of meningitis occurred in adulthood, compared with 39
cases (93%) in childhood (164, 165, 178).

In patients with cranial meningocele/meningoencephalocele,
there was also a tendency to presentation in childhood (me-
dian age, 7 years), although this pattern was less clear, as
almost half of the publications did not report the age at which
the respective patient had experienced the first episode of
meningitis. In the group of cases of congenital ethmoidal or
petrosal skull base defects, all patients presented before the
age of 5 years.

Patients with complement deficiencies almost universally ex-
perienced their first episode of meningitis during childhood or
early adult life (Table 2). The notable exception was a patient
with C4 deficiency, who developed the first episode of pneu-
mococcal meningitis at the age of 51 years (124).

Presentation in adult life. The only conditions that were
clearly associated with presentation in adulthood were from
the category of chronic parameningeal infections (Table 3).
None of the patients in the groups with chronic osteomyelitis
and chronic sinusitis as an underlying diagnosis experienced
their first episode of meningitis in childhood; only four patients

Anatomical problems Immunodeficiencies Chronic Infections
Other Heterotopic brain tissue
3% \ 9% Other
. Skull base defects Asplenia 5% Chronic osteomyelitis

5%

Dermoid cyst /
epidermoid cyst
Head injury / 9%
basal skull fractures

48%

Inner ear
abnormalities
26%

8%

13% \ Chronic sinusitis
” 13%

HIV Infection

33%

Chronic otitis media / mastoiditis
74%

Complement deficiencies

54%

FIG. 1. Underlying conditions predisposing to recurrent bacterial meningitis in the cases identified in the literature search. The relative size of
each pie chart is proportional to the frequency of each of the three major categories.
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(36%) in the group with otitis media and/or mastoiditis as a
predisposing condition experienced their initial episode of
meningitis in childhood.

Microbiological Aspects

A variety of underlying conditions were found to be associ-
ated with a particular causative bacterial organism (Table 4).
Thus, the repeated isolation of a particular bacterium can
potentially point toward the underlying condition, which may
consequently help in tailoring investigations more individually.
This approach is less useful when the causative agent is S.
pneumoniae.

Streptococcus pneumoniae. Numerous conditions have been
reported to be associated with an increased risk of pneumo-
coccal disease, including hematologic disorders, immunodefi-
ciencies, asplenia (congenital and iatrogenic), chronic renal
failure, HIV infection, malnutrition, alcoholism, and head in-
juries (45, 112, 217). However, the vast majority of cases of
invasive pneumococcal disease occur in seemingly healthy
hosts. A large nationwide population-based study on invasive
pneumococcal disease in children in Switzerland identified 393
cases over a 10-year period, 165 cases of which (42.0%) pre-
sented with meningitis (217). Interestingly, a predisposing con-
dition was identified only in 28 cases (7.1%). A similar pro-
portion (10%) was reported from a population-based study in
the United States (112). In the former study, skull fractures
were the most frequently recorded risk factor, accounting for
46% of the cases with predisposing factors. Ten children in that
report experienced recurrent meningitis; an underlying pathol-
ogy was identified only in two patients, namely, a history of
basal skull fracture. Thus, a single episode of pneumococcal
meningitis in a patient does not necessarily warrant further
investigations unless there are other worrying features in the
history or upon examination. In contrast, two or more episodes
should certainly always prompt a full workup.

Our literature search revealed that in all conditions with
abnormal CSF connection in a cranial location (head injury/
basal skull fractures, congenital basal skull defects, meningo-
celes/meningoencephaloceles, and inner ear abnormalities), S.
pneumoniae was the most frequently isolated organism, ac-
counting for 179 (72%) of the 247 culture-positive episodes of
meningitis in these groups. Among the category of immuno-
deficiencies, S. pneumoniae was the dominant causative organ-
ism in patients with agammaglobulinemia, IgG subclass defi-
ciency, early complement deficiency (C2 to C4), asplenia, and
HIV infection (Table 2).

Neisseria meningitidis. Several abnormalities of the immune
system have been found to predispose affected individuals to
infections with N. meningitidis, including immunoglobulin de-
ficiencies (25), IgG subclass deficiency (12), as well as most
types of complement deficiencies (34, 47, 132, 147).

In one study assessing the prevalence of complement defi-
ciencies in 125 individuals with previous meningococcal dis-
ease, the investigators found that a surprisingly high propor-
tion (41%) of individuals in the subgroup with recurrent
meningococcal infection had an underlying complement defi-
ciency (147). A similar prevalence of 31% was reported in
another study (132). However, there is evidence that the prev-
alence of complement deficiencies varies greatly among differ-
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TABLE 4. Associations between causative bacterial organisms isolated
in recurrent bacterial meningitis and underlying defects

Organism Defects®

S. pneumoniae Head injury/basal skull fracture

Congenital basal skull defect

Meningocele/meningoencephalocele

Neurenteric cyst

Inner ear dysplasia/Mondini dysplasia

Asplenia

XLA

IgG subclass deficiency

Early complement deficiency
(C2-C4)

HIV infection

Chronic otitis media/mastoiditis

N. meningitidis Head injury/basal skull fracture

Congenital basal skull defect

Meningocele/meningoencephalocele

Inner ear dysplasia/Mondini dysplasia

Complement deficiency (C2-C9)

H. influenzae Head injury/basal skull fracture

Congenital basal skull defect

Neurenteric cyst

Inner ear dysplasia/Mondini dysplasia

Chronic otitis media/mastoiditis

S. aureus Meningocele/meningoencephalocele

Neurenteric cyst

Dermoid/epidermoid cyst/dermal
sinus

Gram-negative, enteric Meningocele (lumbosacral)
organisms (E. coli, Dermoid/epidermoid cyst/dermal
Klebsiella spp., sinus
Proteus spp.) Chronic parameningeal infections

Salmonella spp. HIV infection

“ Boldface indicates conditions strongly associated with a particular organ-
ism(s).

ent populations, as demonstrated by a study of 47 unselected
Danish patients with meningococcal disease, which failed to
identify any individuals with this disorder (173).

The vast majority (92%) of episodes of recurrent meningitis
captured in this review in which N. meningitidis was isolated
occurred in patients with complement deficiency. Even more
striking was the observation that all culture-positive episodes
that had occurred in patients with TCCD (CS5 to C9) were due
to N. meningitidis. Although cases of meningococcal meningitis
were also reported for a few patients with cranial CSF fistulas,
this organism played only a relatively minor role in these
groups (Tables 1 and 2).

Haemophilus influenzae. As a result of the widespread intro-
duction of Hib vaccines into vaccination programs in many
industrialized countries, there has been a dramatic decline in
invasive disease caused by H. influenzae over the last two de-
cades (108, 123). H. influenzae was found to be the causative
agent in a significant number (38 episodes) of culture-positive
episodes of meningitis captured by our literature search, per-
haps reflecting that our review extended beyond a period be-
fore the introduction of Hib vaccination programs.

Interestingly, H. influenzae was found in only two instances
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in patients with immunodeficiency, both in HIV-infected pa-
tients. In contrast, H. influenzae was not infrequently isolated
from patients with head injuries and basal skull fractures, con-
genital basal skull defects, and inner ear malformations (in-
cluding Mondini dysplasia), accounting for 6%, 13%, and 13%
of the total numbers of culture-positive episodes in these
groups, respectively (Table 1). In the group of patients with
neurenteric cysts, H. influenzae was the second most commonly
isolated organism, responsible for 34% of the culture-positive
episodes.

Staphylococcus aureus. S. aureus is a rare cause of bacterial
meningitis. According to the U.S. Bacterial Meningitis Surveil-
lance Study, less than 1% of cases of meningitis are caused by
this bacterium (185). In a report of 40 patients with S. aureus
meningitis, 80% had known predisposing CNS abnormalities,
and all these patients had recently undergone neurosurgical
procedures, most commonly involving ventriculoperitoneal
shunts, a well-documented risk factor for staphylococcal men-
ingitis (152, 186). In the remaining patients, prematurity was
thought to be the main risk factor in three cases; one patient
had a sacral meningocele in combination with an enteric cyst,
while another two were attributable to dermal sinus tracts.

A similar pattern was reflected in the reports included in our
review, bearing in mind that we excluded patients who expe-
rienced meningitis only after undergoing neurosurgery from
the review. All episodes of recurrent meningitis associated with
S. aureus occurred in connection with anatomical lesions,
which included two cases of intranasal meningoencephaloceles
(75, 196), cases with dermal sinus tracts (103, 115, 198), and a
patient who was subsequently found to have a neurenteric cyst
(70). Strikingly, S. aureus infection was not reported for any
patient with immunodeficiency.

Gram-negative enteric organisms. Gram-negative enteric
bacillary meningitis (GNEBM) is very unusual outside the
newborn period unless it is acquired in a nosocomial setting. In
a review of 2,708 cases of bacterial meningitis in a large pedi-
atric unit over a 20-year period, only 98 (3.6%) were caused by
an enteric organism (214). Only 27% of the cases occurred in
patients older than 28 days of age. In a relatively large pro-
portion (26%) of patients, an underlying condition was iden-
tified, comprising mainly surgical problems including neural
tube defects and urinary tract anomalies.

We agree with other authors (218) that even a single episode
of GNEBM, and undoubtedly recurrent episodes, should
prompt a search for CSF fistulas and urinary tract malforma-
tions, which is supported not only by the findings of the above-
cited study but also by several reports captured in this review.
Recurrent GNEBM meningitis was reported predominantly
for patients with lumbosacral lesions, including a patient with
meningocele (K. pneumoniae and P. mirabilis) and patients
with dermal sinuses (E. coli and Klebsiella). However, it should
also be noted that E. coli was also the only causative organism
identified in both cases of chronic sinusitis associated with
recurrent meningitis, which should therefore be included in the
list of differential diagnoses.

DIAGNOSTIC PATHWAYS

As an infrequently encountered condition, recurrent menin-
gitis poses a considerable challenge to any clinician. In the
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following section, we outline a diagnostic pathway to facilitate
a structured approach to patients with recurrent bacterial men-
ingitis. A suggested diagnostic algorithm is summarized as in
Fig. 2.

In every case, a detailed history and examination should
form the basis of a thorough assessment. If neither is sugges-
tive of a particular underlying cause, first-line investigations
should be initiated, which encompass tests that are accessible
in most hospital settings, are minimally invasive, and do not
expose the patient to any radiation risk. In contrast, many of
the recommended second-line investigations may require re-
ferral to a more specialized center.

History

A history of head injury should not lead to the presumption
that a basal skull fracture is necessarily the underlying cause. In
a collection of 25 cases with recurrent bacterial meningitis
reported by Lieb et al., a history of head injury was indeed
recorded for the only two patients with skull fractures, but
those authors noted that a similar history of traumatic events
was obtained from patients in whom a congenital defect was
ultimately found to be the cause (115). Regardless, it is essen-
tial to specifically ask about major traumatic events, including
those that may have occurred several years prior to the first
episode of meningitis and that the patient might not think are
relevant. Equally, a history of otorrhea and rinorrhea should
actively be sought, as a number of reports highlighted patients
who were aware of a persistent nasal discharge for many years
after the traumatic event but failed to attribute any significance
to this (5, 69, 98).

Particularly in children, a history of potential hearing im-
pairment or a delay in speech development should raise the
suspicion of inner ear malformations. It is important not to
assume that hearing impairment in children with recurrent
meningitis is due simply to preceding episodes of meningitis, as
illustrated above. A history of frequent or chronic middle ear
infections and/or mastoiditis, potentially in association with
previous mastoidectomy, may point toward a parameningeal
focus as the source of recurrent meningitis.

Also, in children, a history of failure to thrive as well as
unusual or frequent infections additionally affecting other sys-
tems, such as the skin or the respiratory tract, should raise the
suspicion of an underlying immunodeficiency. In this context, it
is particularly important to elicit a thorough family history,
which may reveal other family members with recurrent or
severe infections, as well as early deaths of family members due
to infections.

Examination

A thorough physical examination is vitally important, as il-
lustrated by several cases of patients with dermal sinus tracts,
which had been missed on previous admissions, that were de-
tected by examination alone (10, 103). Particular attention
should be given to the examination of the head and spine, as
this may reveal fistulous tracts or cutaneous stigmata sugges-
tive of occult spinal defects. Additionally, anosmia and hypos-
mia should be screened for, as these have been reported to
occur in up to 41% of cases with traumatic CSF fistula (109).
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FIG. 2. Diagnostic algorithm for the investigation of recurrent bacterial meningitis.

In many types of immunodeficiency, the physical examina-
tion may be completely unremarkable, unless previous infec-
tions, such as skin abscesses, have left residual scarring.
Lymphadenopathy, splenomegaly, parotid enlargement, and
oropharyngeal candidiasis can be suggestive of HIV infection.
The absence of palpable lymph nodes, particularly in sites
corresponding to areas of active infection, and tonsillar hypo-
trophy may be an indication of XLA.

CSF rhinorrhea most commonly occurs unilaterally. Typi-
cally, there is clear nasal discharge, which frequently increases
with a Valsalva maneuver and when the patient leans forward
(98, 100).

CSF otorrhea may occur with inner ear malformations and
temporal bone defects, which can be congenital, iatrogenic, or
traumatic in origin or, less commonly, due to osteolytic erosion
as a result of chronic ear infections. It is of note that these
patients may simultaneously report rhinorrhea, as the CSF
often drains from the middle ear via the Eustachian tube into
the nasopharynx. As discussed above, a bulging tympanic mem-
brane with a visible fluid level should not be dismissed simply
as serous otitis media (or “glue ear”), as this may be the only
sign of an otogenic CSF fistula.

Examination frequently provides a vital clue in identifying
patients with temporal bone defects. In a report of 92 cases,
CSF fluid flow could be demonstrated in 80 patients (87%)
using provocative maneuvers (182).

Various methods to ascertain whether fluid draining from
the nose or ear represents CSF or merely secretions have been
proposed. Multireagent strip testing for glucose and protein
has been found to be unreliable. Several authors described

cases of CSF leaks with false-negative results upon glucose
testing, and the proportion of false-positive results has been
reported to be between 45% and 75% (23, 151, 159).

Recently, testing for B,-transferrin has become more com-
monly used in the clinical setting (144, 197, 219). This test is
reported to have high specificity, as this protein is found only
in CSF, vitreous humor, and inner ear perilymph. Contamina-
tion of samples with mucus, blood, or saliva has little influence
on the accuracy of the assay.

Patients with recurrent meningitis should also undergo a
formal assessment by an otolaryngologist as well as an au-
diological assessment to detect subtle or previously unrec-
ognized (particularly in young children) hearing deficits,
which may be associated with inner ear malformations. A
thorough examination of the nasal passages, ideally by
means of fiberoptic endoscopy, may reveal the presence of
heterotopic brain tissue or meningoceles or even, albeit
indirectly, the site of a CSF leak, as outlined in a number of
reports (14, 64, 75, 90).

Investigations

Laboratory investigations. As part of first-line investigations
(Fig. 2), we recommend a full blood count in combination with a
differential and microscopy to detect Howell-Jolly bodies (which
may suggest asplenia) as well as lymphopenia or neutropenia.
Abnormalities in immunoglobulin levels (IgA, IgM, IgG, and
IgE) may point to a range of immunodeficiencies including selec-
tive IgA deficiency and common variable immunodeficiency. In



532 TEBRUEGGE AND CURTIS

the latter, the defect may be in the T-cell or, more commonly, the
B-cell population.

IgG subclass deficiency is confirmed by detecting persistently
low IgG subclass levels, which may affect one or more IgG
subtype antibodies (IgG1 to IgG4). Assessment of the total
serum hemolytic complement (CHs,) will detect abnormalities
of the classical complement pathway (C1 to C9) and should be
followed with assays for individual complement components if
found to be abnormal. Also, depending on the presence of
potential risk factors and local epidemiology, an HIV antibody
test should be considered at this stage in connection with
appropriate pretest counseling.

Determining levels of specific antibodies against particular
antigens, such as tetanus and diphtheria toxoid antibodies,
provides a reflection of the ability of the humoral immune
system to generate an appropriate response. Further, more
detailed immunological investigations, including functional
tests, will generally need to be undertaken in a more special-
ized setting after liaison with an experienced immunologist.
Although a full description of these investigations is beyond
the scope of this article, this may include lymphocyte subsets,
T-cell proliferation responses to phytohemagglutinin, B-cell
proliferation responses to pokeweed mitogen, neutrophil func-
tion tests, and assessment of the alternative complement
(AHs,) and mannan-binding lectin pathways.

Radiological investigations. A number of radiological tech-
niques can be used to identify CSF fistulas, including cranial
CT scans, CT cisternography, radionuclide cisternography, and
specially weighted cranial magnetic resonance imaging (MRI)
scans. The need for sensitive imaging techniques in this setting
was previously emphasized by Carrol et al., who reported the
case of a 9-year-old boy with recurrent meningitis whose eth-
moidal fracture was missed on an initial cranial CT scan (24).
The importance of this is also highlighted in a cohort of chil-
dren with recurrent meningitis and anatomical abnormalities
in which radiological investigations had to be repeated for a
number of individuals to pinpoint the underlying defect (115).

CT scans in general, and high-resolution CT (HRCT) scans
in particular, produce the best definition of bony structures and
are considered to be the method of choice for the investigation
of basal skull defects by many authors (118, 128). An added
advantage, in contrast to other techniques discussed below, is
that HRCT is a noninvasive technique. The sensitivity of
HRCT in detecting CSF fistulas was previously reported to be
between 50% and 100% (41, 118). In addition, cranial HRCT
scanning is considered by most authors to be the method of
choice to investigate potential inner ear malformations (93, 95,
164, 165, 215).

CT cisternography requires the injection of a contrast me-
dium via lumbar puncture, which is associated with a range of
potential side effects such as headache, nausea, and temporary
perceptual abnormalities (85). CT cisternography relies on the
demonstration of contrast medium passing through the fistu-
lous defect or the detection of its presence in the paranasal
sinuses. The reported sensitivity ranges from 55% to 76%,
although the performance was previously noted to decrease
significantly in inactive or intermittent CSF leaks (30, 125).

MRI scans offer the best definition of brain parenchyma and
soft tissue, which is particularly important in the context of
encephaloceles (64). A sensitivity of 100% was reported for
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MRI in the evaluation of CSF leaks in one study of 24 patients
(85). In this report, the site of the CSF leak identified by MRI
was later verified by surgery in all cases. The capabilities of
flow-sensitive MRI, based on slow-flow magnetic resonance
pulsing sequences or diffusion-weighted MRI, as an additional
valuable diagnostic tool to identify CSF leaks has also been
emphasized (113).

Radionuclide cisternography has proven to be helpful in a
number of cases where CT and MRI scans failed to identify the
CSF leak. One example is a patient with a petrosal bone
abnormality who experienced three episodes of meningitis in
whom radionuclide (Tc-99m-DTPA [diethylene triamine pen-
taacetate]) cisternography was the only investigation that re-
vealed the CSF leak (222). However, there are two inherent
drawbacks to radionuclide cisternography: firstly, the isotope
has to be injected into the intrathecal space, and secondly, this
technique is unable to pinpoint the exact anatomical location
of the defect. Nevertheless, the placement of nasal or aural
pledgets does provide some localizing ability. The advantage of
this technique lies in the fact that it permits repeated exami-
nations over more than 48 h, thus facilitating the detection of
intermittent CSF leaks (55, 113).

In cases of CSF leaks originating from the spinal canal,
ultrasound imaging and MRI have been proven to be the most
useful investigations. In the hands of an experienced ultra-
sonographer, spina bifida and dermal sinuses can usually
readily be detected on ultrasound (99, 119). Spinal MRI offers
high levels of definition and can show the relationship between
spinal lesions and adjacent anatomical structures, providing
invaluable information for preoperative planning (99, 155).

In conclusion, there is no single imaging modality that will
invariably identify an underlying CSF fistula in all instances.
Therefore, depending on the suspected site or defect, appro-
priate investigations should be chosen in close liaison with an
experienced radiologist.

LIMITATIONS

We reviewed only the English language literature and lim-
ited our search to the last 20 years. The literature consisted
predominantly of single case reports or small case series and
may therefore not reflect the true prevalence of each condition
in patients with recurrent meningitis in general. Also, the over-
all picture may be skewed by the relatively high proportion of
reports in neurosurgical and otolaryngological journals as well
as a large number of reports on complement deficiency in the
1990s. A number of reports were excluded because they con-
tained insufficient details to categorize the patients with rea-
sonable certainty despite our efforts to obtain further details
from the respective authors.
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