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Central Nervous System Infections
in Neutropenic Cancer Patients

Shylah M. Moore-Pardo and Olga Klinkova

Abstract Neutropenic cancer patients are more susceptible to central nervous sys-
tem (CNS) infections due to impaired host defense mechanisms (Zunt, Neurol Clin
20(1):1-22, 2002). Clinical diagnosis can be challenging due to subtle or atypical
presentation or symptoms (Zunt, Neurol Clin 20:1-22, 2002; Lukes et al. Neurology
34(3):269-275, 1984; Schmidt-Hieber et al. Ann Oncol 27(7):1207-1225, 2016).
CNS infections typically manifest as four clinical syndromes that may overlap.
These are meningitis, encephalitis, brain abscess, and post-surgical neurological
infections (Schmidt-Hieber et al. Ann Oncol 27(7):1207-1225, 2016).

Risk factors for CNS infections in this patient population depend on age, type of
malignancy, duration of neutropenia, treatment used (type of a transplant, chemo-
therapy, steroids, immunosuppressant agents, neurosurgical interventions), and
environmental exposures.
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Meningitis/Encephalitis

Meningitis is an inflammatory process involving the meninges and is defined by a
pleocytosis or abnormal white blood cell count in cerebrospinal fluid (CSF).
Encephalitis is a syndrome characterized by inflammation of the brain parenchyma.
When these two entities co-exist, meningoencephalitis is diagnosed.
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Bacterial meningitis can be classified as community acquired or nosocomial. In
neutropenic cancer patients actively receiving chemotherapy, acute bacterial menin-
gitis is a relatively rare diagnosis and the acquisition of infection most commonly
occurs through hematogenous spread from other infectious sites or contiguous
spread of a pre-existing infection of the head and neck [2]. Patients with prior his-
tory of neurosurgical interventions, intraventricular shunts or indwelling vascular
devices are at higher risk for bacterial meningitis as well [3, 4]. A true community-
acquired meningitis can be seen more frequently in chronically neutropenic patients
living in the community.

Noninfectious causes of meningitis that are also important to rule out in cancer
patients includes tumor spread (meningeal or parenchymal), vasculitis, and medica-
tions (chemotherapy, nonsteroidal anti-inflammatory drugs, sulfa, antithymocyte
globulin, intravenous globulin, among others).

Microbiology and Specific Risk Factors
Bacterial Pathogens

Among neutropenic cancer patients, acute bacterial meningitis can be caused by
gram positive, gram negative pathogens as well as viruses and atypical bacteria
(Table 1). Important gram positive pathogens to consider in this population include
Streptococcus pneumoniae, Staphylococcus aureus, and coagulase-negative staphy-
lococci [4-6]. Patients undergoing active chemotherapy treatment and with on-
going mucositis are at an increased risk for meningitis caused by Rothia mucilaginosa
[7, 8] or other gram positive cocci such as Viridans group streptococcus that are a
part of normal oral flora. Corynebacterium jeikeium meningitis in neutropenic
patients has been described in the literature as well [9]. Compared to the general
population, Neisseria meningitides is a rare cause of meningitis in neutropenic can-
cer patients [6]. Currently, Haemophilus influenzae is rarely seen as a result of
Haemophilus influenza type b (Hib) vaccine. Listeria monocytogenes is an
important cause of meningitis in neonates, older adults, pregnant women, and

Table 1 Meningitis/encephalitis

Bacteria Virus Fungi
Streptococcus spp HSV 1,and HSV 2 | Candida spp
Neisseria meningitidis VZV

Listeria monocytogenes CMV

Staphylococcus aureus EBV

Coagulase negative staphylococcus (if device in place) | HHV6

Rothia mucilaginosa WNV

Corynebacterium jeikeium JC virus

Enterobacteriaceae

Pseudomonas spp
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immunosuppressed patients (AIDS, chronic steroid use, organ transplants, and
those receiving fludarabine chemotherapy) and must be considered in neutropenic
patients that live in the community [6, 10, 11].

Gram negative pathogens such as Enterobacteriaceae group of organisms and
Pseudomonas aeruginosa are also an important cause of CNS infection in this pop-
ulation [6].

Viral Pathogens

Enterovirus is by far the most common cause of viral meningitis and should be
considered in neutropenic patients that reside in the community [12].

Herpes Simplex Virus-/, 2 (HSV-1, 2), Varicella Zoster Virus (VZV), cytomega-
lovirus (CMV), and Epstein Barr Virus (EBV) are potential causative agents of
meningoencephalitis in the immunocompromised host. These infections are caused
by primary infection or reactivation of latent infection in cancer patients undergoing
chemotherapy [1, 13, 14]. VZV is implicated as a cause of not only meningoen-
cephalitis but vasculopathies including vasculitis and cerebro-vascular accidents
[15]. CMV spectrum of CNS disease includes meningitis, meningoencephalitis,
encephalomyelitis, and radiculopathy [16].

Human Herpes Virus-6 and -8 (HHV-6, —8) frequently reactivate in cancer patients
undergoing active chemotherapy. Clinical disease such as encephalitis occurs rarely
but should be considered in neutropenic patients with unexplained encephalopathy
or other encephalitis symptoms [17, 18]. The most important risk factor for the
development of HHV-6 associated encephalitis in this group is a prior history of
hematopoietic stem cell transplant (HSCT) with ongoing immunosuppression [17].

Encephalitis due to West Nile Virus (WNV) can be mosquito borne, blood borne,
or donor derived in HSCT patients and should be considered in chronically neutro-
penic patients presenting from the community with encephalitis symptoms.

JC poliomavirus (JC virus) is the cause of progressive multifocal leukoencephalopa-
thy (PML). It is most commonly seen in AIDS patients, but the incidence is increased
in cancer patients with certain risk factors [19]. The risk factors that are associated with
increased incidence of PML include an underlying diagnosis of lymphoproliferative
disease (e.g., B-CLL, Hodgkin’s disease), chemotherapy regimens that include purine
analogs (e.g., fludarabine, cladribine), rituximab therapy, or low CD4 count [19-21].
Therefore, JC virus should be considered in the differential diagnosis of a neutropenic
cancer patient with progressively worsening neurologic symptoms.

Fungal Pathogens

Profound neutropenia and use of total parenteral nutrition have been shown to be risk
factors for the development of Candida meningitis in children with malignancies [22].
Other risk factors include preceding fungemia, presence of intra-vascular catheter, or
a CNS device. Candida meningitis can also be a result of disseminated candidiasis.
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Neutropenic cancer patients are at increased risk for mold infections. Aspergillus,
Zygomycetes, and Fusarium spp. are well-recognized causes of a brain abscess in
cancer patients, however, the incidence of an isolated mold meningitis is low [23].

Patients with hematologic malignancies have a higher risk for Cryptococcus
meningitis [24], however, this is still rare in neutropenic patients.

Clinical Presentation

In those with severely altered immunity and profound neutropenia, symptoms of
meningitis/encephalitis can be very subtle, therefore, a high index of suspicion is
required to pursue and diagnose these conditions [3, 4]. Based on a prior study by
Safdieh et al., only 5% of cancer patients had a classic triad of fever, nuchal rigidity,
and altered mental status on presentation [4]. Encephalitis symptoms commonly
include altered mentation, confusion, headaches, visual disturbances, focal neuro-
logical deficits or seizures.

Laboratory Diagnosis and Imaging

If meningitis or encephalitis is suspected in an immunocompromised host, neuroim-
aging should be performed as a first step to rule out any focal structural brain abnor-
malities [3, 25]. Brain CT scan or, if readily available, brain MRI with and without
contrast should be performed as soon as possible.

Some MRI findings can highlight clues for specific pathogens. Listeria monocy-
togenes occasionally can cause rhoboencephalitis (inflammation of the brainstem
and/or cerebellum). Temporal lobe changes can be seen with HSV, VZV, and HHV6.
EBV can cause changes in the caudate nuclei, basal ganglia, thalami, and cortex.
CMYV as well as HHV6 typically causes ventriculoencephalitis with periventricular
enhancement. WNV classically causes changes in the basal ganglia, thalami, and
cerebellum, and lastly, JC virus causes multifocal areas of white matter demyelin-
ation. (Table 2).

Table 2 Neuroimaging

Organism Findings

Listeria monocytogenes Rhomboencephalitis

HSV, VZV, HHV6 Temporal lobe changes

EBV Caudate nuclei, basal ganglia, thalami, and cortex changes
CMV Periventricular enhancement

WNV Basal ganglia, thalami, and cerebellum changes

JC Virus Multifocal areas of white matter demyelination
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Once a space-occupying brain lesion causing brain herniation or a midline shift
is ruled out, cerebro-spinal fluid (CSF) analysis should be performed. Blood cul-
tures should be collected as soon as possible and prior to administration of antimi-
crobial agents if bacterial meningitis is suspected.

During the lumbar puncture, opening pressure should be measured and CSF
analysis should be submitted for cell count and differential, cytology, glucose and
protein levels. Stains and cultures for bacterial, fungal, and acid-fast organisms
should be submitted to the microbiology lab [25, 26]. Currently, most centers have
meningitis/encephalitis panels by PCR which is highly sensitive for the detection of
common bacterial, viral, and fungal pathogens that cause meningitis and/or enceph-
alitis [27, 28]. However, this test is costly and may not be available in some
centers.

CSF pleocytosis is typically seen in cases of acute bacterial meningitis; however,
CSF white blood cell count can be either normal or marginally elevated in neutro-
penic patients [4]. Low CSF glucose and elevated protein are typical findings that
are seen in patients with acute bacterial meningitis. The diagnostic yield of Gram-
stained smears was shown to be lower in cancer patients compared to the general
population [6]. The yield is also lower in patients that have received prior antibiotic
therapy [25].

Treatment

If bacterial meningitis is suspected, empiric antimicrobial therapy should be initi-
ated as soon as possible after initial imaging, blood cultures, and CSF studies have
been obtained. Antibiotics administration must not be delayed as these infections
are associated with high morbidity and mortality [29, 30].

The initial antibiotic regimen in neutropenic cancer patients should cover patho-
gens seen in the general population with acute bacterial meningitis in addition
to methicillin restistant Staphylococcus aureus (MRSA) and Pseudomonas aerugi-
nosa. Expanded antimicrobial coverage is necessary due to frequently present
indwelling devices such as central lines and internalized/externalized CNS shunts.
Selected antibiotics must penetrate CNS and achieve an adequate CNS concentra-
tion [31]. Third generation cephalosporins such as cefepime or ceftazidime or a
carbapenem with anti-pseudomonal activity (such as meropenem or imipenem) plus
an anti-MRSA agent are used for the initial therapy [3]. Aztreonam or Ciprofloxacin
can be used as an alternative agent in patients with a documented penicillin allergy.

Coverage against Listeria monocytogenes should be included with the initial
regimen in neutropenic cancer patients that reside in the community and/or have
specific risk factors (neutropenia, organ transplant, old age, chronic steroids, preg-
nant, ingestion of unpasteurized milk or cheese) and clinical presentation concerning
for Listeria meningitis. Ampicillin or Penicillin G are considered the most active
drugs against Listeria; Bactrim or Meropenem can be used as alternatives [3, 25].
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Table 3 Treament of viral Virus Treatment

encephalitis HSV,VZV | Acyclovir

CMV,HHV6 | Gancyclovir/foscarnet

EBV No specific treatment
WNV No specific treatment
JC virus Reversal of immunosuppression if possible

Intravenous acyclovir should be added if there is a concern for HSV encephalitis
based on the initial presentation. Gancyclovir or foscarnet can be used to treat CMV
or HHV6 encephalitis (Table 3).

Lack of clearance of enterovirus meningitis in lymphoma patients may require
the use of intravenous immunoglobulin [32].

Brain Abscess

Patients with neutropenia are at an increased risk for developing a brain abscess
[33]. In this patient population, hematogenous spread from other infection sites or a
contiguous spread from adjacent structures (face, sinuses, middle ear, teeth) are the
most common mechanisms of development of a brain abscess [33]. Cancer patients
with history of recent neurosurgeries or CNS catheters such as ventriculo-peritoneal
shunts are at increased risk for the development of brain abscess as well [33].

Microbiology
Bacterial Pathogens

The microbiology of the brain abscess differs based on the mechanism of infection
acquisition. In patients with neutropenia, gram- negative organisms including
Enterobacteriaceae and Pseudomonas aeruginosa as well as fungal pathogens are
the most important pathogens to be considered [33, 34] (Table 4). Other pathogens
such as Staphylococcus aureus, streptococci, and anaerobes are also common, espe-
cially with hematogenous or contiguous infection spread [33, 35]. If the abscess
results from penetrating trauma, S. aureus, S. epidermidis, Enterobacteriaceae, and
Clostridium species may be the culprit [33]. Polymicrobial infections are com-
monly seen in the general patient population [35] but would be less common in
neutropenic patients. Infections with rare bacterial pathogens such as Nocardia or
Actinomyces spp. are likely to be more common in cancer patients especially while
on chronic steroids. Listeria as an etiology of a brain abscess should be considered
in chronically neutropenic patients that reside in the community.
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Table 4 Brain abscess Bacteria Fungi
Streptococcus spp Candida spp
Staphylococcus aureus | Aspergillus spp
Anaerobes Mucorales spp
Enterobacteriaceae Scedosporium spp
Pseudomonas Fusarium spp
Nocardia spp Dematiaceous fungi

Fungal Pathogens

A high incidence of a fungal brain abscess is reported in neutropenic patients with
hematologic malignancies [34]. Most of these infections are acquired through a
continuous spread from mold sinusitis causing angioinvasion to the CNS, or from
hematogenous spread of the infection from a distal site. Based on the prior studies,
Aspergillus as well as Mucorales spp account for the majority of these infections
[34, 36]. Other fungal pathogens such as Candida spp, Scedosporium spp, Fusarium
spp, and dematiaceous molds have been reported as well [33, 34, 37] (Table 4).

Clinical Presentation

Patients typically present with headache, fever, focal neurological deficits, seizures,
and/or altered mental status. Acute rupture of the abscess into the ventricles may
cause meningeal signs. Herniation may occur if intracranial pressure is increased. The
presence of coma at the time of presentation is associated with increased mortality.

Laboratory Diagnosis and Imaging

MRI of the brain is the preferred diagnostic modality for the diagnosis of a brain
abscess and is considered more sensitive and specific compared to other imaging
modalities such as brain CT scan [3, 38]. It typically appears as a single ring enhanc-
ing lesion on imaging.

Aspiration of the brain abscess via a stereotactic needle biopsy is frequently
needed to establish the causative organism and rule out other potential etiologies
such as malignancy [3]. However, when a brain biopsy cannot be obtained or sur-
gery cannot be performed, positive blood cultures and/or identification of an extra
neural site of infection may aid the diagnosis. Lumbar puncture might be of low
utility in this patient population as it frequently cannot be performed due to con-
comitant thrombocytopenia. Furthermore, the procedure may increase the risk of
herniation when a space-occupying lesion is present.
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Treatment

The principles of empiric antimicrobial therapy are similar as described in the
“Meningitis/Encephalitis” section. Third generation cephalosporins such as
cefepime or ceftazidime or a carbapenem with anti-pseudomonal activity (such as
meropenem or imipenem) plus an anti-MRSA agent are used for the initial therapy
[3]. Aztreonam or Ciprofloxacin can be used as an alternative agent in patients with
a documented penicillin allergy. We recommend addition of anaerobic coverage to
the initial antibiotic regimen that could be achieved by addition of metronidazole to
a third generation cephalosporin, ciprofloxacin, or Aztreonam.

Coverage for Listeria monocytogenes should be included into the initial regimen
in neutropenic cancer patients that reside in the community and/or have specific risk
factors and clinical presentation concerning for Listeria brain abscess. Ampicillin or
Penicillin G are considered the most active drugs against Listeria; Bactrim or
Meropenem can be used as alternatives [3, 25].

Antifungal therapy either with intravenous voriconazole or liposomal amphoteri-
cin B should be included in the initial antimicrobial regimen in the patients with
suspected brain abscess [3].

If nocardia is suspected, the addition of trimethoprim/sulfamethoxazole plus
imipenem should also be included as part of the initial regimen [39].

Fig. 1 Strep intermedius brain abscess



Central Nervous System Infections in Neutropenic Cancer Patients 9

Fig. 2 Nocardia brain abscesses

Once the pathogen has been identified and susceptibilities become available,
antimicrobial therapy can be tailored. Broad-spectrum antimicrobial therapy might
need to be continued in the patients with negative cultures or when culture data is
not available and suspicion for a brain abscess remains high (Figs. 1 and 2).
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