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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.

Keywords Central nervous infections · Bacterial meningitis · Viral meningitis · 
Non infectious meningitis · Enterovirus meningitis · HSV encephalitis · VZV 
meningitis · HHV6 encephalitis · JC progressive leukoencephalopathy (PML) · 
Candida meningitis · Rhomboencephalitis · Brain abscess

 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

S. M. Moore-Pardo and O. Klinkova
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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-1, 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.

Central Nervous System Infections in Neutropenic Cancer Patients
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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. 
CMV 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

S. M. Moore-Pardo and O. Klinkova
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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].

Central Nervous System Infections in Neutropenic Cancer Patients
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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.

Table 3 Treament of viral 
encephalitis

Virus Treatment

HSV, VZV Acyclovir
CMV,HHV6 Gancyclovir/foscarnet
EBV No specific treatment
WNV No specific treatment
JC virus Reversal of immunosuppression if possible

S. M. Moore-Pardo and O. Klinkova
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 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.

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

Central Nervous System Infections in Neutropenic Cancer Patients
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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

S. M. Moore-Pardo and O. Klinkova
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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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Head and Neck Infections
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Abstract The head and neck have several compartments with very rich blood and 
nerve supply. Organisms from the oral cavity and skin can gain access to the vital 
structures of the head and neck causing severe infection. The infection can spread 
rapidly to vital locations causing life threathening complications. Prompt diagnosis 
and therapy are essential especially in neutropenic patients.

In this chapter we will review the most common infections of the head and neck 
seen in neutropenic patients.

Keywords Malignant otitis · Periorbital cellulitis · Necrotizing gingivitis · 
Vincent’s angina · Herpetic gingivostomatitis · Submandibular space infections · 
Ludwing’s angina · Lateral pharyngeal space infection · Retropharyngeal and 
prevertebral space infections

 Malignant Otitis Externa

Malignant otitis externa is an infection of the external canal with the potential 
spread to soft tissues, cartilage and bone. The most common bacteria isolated 
include pseudomonas, staphylococcus aureus, aspergillus spp, klebsiella oxytoca, 
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proteus mirabilis, burkholderia cepacia, and candida parapsilosis. The infection 
has been classically reported in elderly diabetic patients, AIDS patients, and patients 
with other types of immunosuppression [1–6].

The clinical manifestations include otorrhea, and otalgia mainly nocturnal with 
severe pain radiated to the temporomandibular joint.

In neutropenic patients, the infection can be secondary to molds and it is usually 
severe and potentially lethal causing osteomyelitis of the base of the skull, VII cra-
nial nerve palsy, and brain abscess [7–9].

The diagnosis is usually clinical and microbiological. Radiological studies such 
as computed tomography (CT), and magnetic resonance imaging (MRI) can com-
plement the diagnosis, but does not always correlate with the clinical course [10].

It is paramount to obtain gram stain and cultures from the ear discharge for 
microbiologic diagnosis and therapy. These cultures should include bacteria as well 
as fungus.

The treatment is debridement and antibiotics directed to the organisms isolated. 
Empiric antibiotics pending the culture results should include agents to cover pseu-
domonas and staphylococcus aureus (including methicillin resistant). Ideal choices 
include vancomycin plus cefepime, ceftazidime, piperacillin-tazobactam, or car-
bapenem such as imipenem, meropenem or doripenem. Quinolones such as cipro-
floxacin and levofloxacin are widely used as prophylaxis in this population, therefore 
concerns for pseudomonas resistant malignant otitis remains a concern. Quinolones 
may still be an acceptable option provided that the pseudomonas isolated in the ear 
culture is still suceptible. If aspergillus spp. is isolated, the ideal choice is voricon-
azole, alternatively lipid amphotericin can be used [11].

 Periorbital Cellulitis

Periorbital cellulitis is an infection of the tissues around the bony orbit. The most 
common cause of periorbital cellulitis in non-neutropenic patients include H. influ-
enza, staphylococcus aureus, and streptococcus spp. [12]. In neutropenic patient 
molds such as  mucorales spp, aspergillus spp, and fusarium spp are also very 
important pathogens. In such cases the infection usually spread from the sinuses to 
the periorbital tissues [13–15].

Periorbital cellulitis is further divided into preseptal or postseptal (orbital) 
depending on the area of infection. Preseptal cellulitis is an infection of the eyelid 
and the skin anterior to the orbital septum (Fig. 1). Postseptal (orbital cellulitis) is 
an infection posterior to the orbital septum. It involves the muscles and fat of the 
orbit. Postseptal cellulitis is a potential lethal infection. The infection may originate 
after local skin trauma (scratch, insect bite) with skin flora causing the infection or 
from direct spread from the sinuses to the orbit [16]. The latter is the most common 
cause of orbital cellulitis in neutropenic patients.

Clinical symptoms include edema, erythema and superficial pain. Pain with ocu-
lar movement, proptosis, diplopia and opthalmoplegia may be a sign of post septal 
cellulitis. If a mold infection is present, a nasal or palate necrotic eschar can be seen 
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on physical examination. Mold infections can rapidly cause angioinvasion spread-
ing to the brain causing vascular thrombosis and tissue infarction [15].

The diagnosis of orbital cellulitis is based on clinical symptoms and physical 
examination. Radiological imaging such as CT of the orbit and sinuses are indicated 
in this population to rule out concomitant sinusitis.

If sinusitis is seen, an otorhinolaryngologist (ENT) specialist should be con-
sulted for deeper evaluation and debridement of the sinuses. Mucosal samples 
should be sent to microbiology for gram stain, bacterial and fungal cultures. If deep 
tissue is obtained, the tissue should also be sent for special fungal stains.

Empiric therapy with vancomycin plus piperacillin tazobactam, cefepime, 
ceftazidime, or carbapenem such as imipenem, meropenem or doripenem, plus an 
antifungal such as lipid amphotericin should be started pending microbiological 
information. Combination of antifungal therapy with an azole or an echinocandin 
can be attempted in severe immunosuppressed patients but its use is still controver-
sial [15]. Once the microbiological information is obtained, the antimicrobial ther-
apy can be de-escalated to target the isolated pathogen.

 Oral Mucosa Infections and Necrotizing Gingivitis

Mucotoxic chemotherapy can cause extensive inflammation to the oral mucosa 
leading to mucositis, which can be complicated by periodontal infections, gingivi-
tis, and gum ulcers [17–19].

The oral flora of the immunocompromised patients change as a result of the che-
motherapy and prophylactic antibiotics. Bacteria, other than the usual oral flora, 
such as pseudomonas can colonize the mucosa causing or complicating preexisting 
necrotic gum ulcer or gingivitis [17, 20] (Fig. 2). Other important pathogens that 
can spread from the mucosa to the blood stream in neutropenic patients with muco-
sitis include Streptococcus mitis, Fusobacterium spp, Klebsiella, E coli, Enterobacter 
spp and Stomatococcus spp. [21, 22]

Fig. 1 Patient with 
preseptal cellulitis
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The latter can also be associated with gum or buccal mucosa ulcers that can be 
complicated by Vincent’s Angina or trench mouth. This infection is a rapidly pro-
gressive necrotizing gingivostomatitis visualized as necrotic tissue with a grayish-
white pseudomembrane [23]. Fusobacterium spp and other anaerobes can spread 
further causing deep neck infections discussed later in this chapter.

Candida spp can cause thrush in neutropenic patients, particularly in the absence 
of antifungal prophylaxis. Thrush is visualized as white creamy plaques in the 
tongue, palate and buccal mucosa. The plaques are usually associated with satellite 
lesions. Erythematous plaques without membranes and angular cheilosis can also 
be caused by candida infection. The differential diagnosis of thrush is hairy tongue. 
Hairy tongue is caused by abnormal desquamation of the filiform papillae resulting 
from several factors [24].

Herpetic gingivostomatitis is caused by herpes simplex virus (HSV) type 1 and 
rarely type 2. In the setting of hematological malignancy, reactivation may occur in 
up to 60% of the cases and in up to 80% in bone marrow transplant recipients that 
are not on prophylaxis. Given immunosuppression, the neutropenia and the throm-
bocytopenia, the clinical manifestations of HSV may not be classical. Ulcers with 
irregular or serpentiginous borders or extensive hemorrhagic lesions can be seen in 
place of the typical cluster vesicles (Fig. 3). Given the atypical presentation, HSV 
lesions may be confused with trauma. Alternatively,  HSV reactivation  may also 
occur from minor trauma caused by oral –gastric and endotracheal tubes. 
Occasionally, the lesions may progress despite of acyclovir, famciclovir, or valacy-
clovir. In such cases, the diagnosis of HSV acyclovir resistant virus needs to be 
considered and the therapy may have to be changed to foscarnet [25, 26].

It is important to perform a complete oral examination to detect any buccal or 
gingival ulcer. If an ulcer is detected, swab for gram stain, bacterial, fungal cultures 
and HSV PCR should also be obtained.

The empiric treatment of necrotizing gingivitis in neutropenic patients should be 
with piperacillin tazobactam or cefepime plus metronidazole or ceftazidime plus 
metronidazole, meropenem, imipenem, or doripenem pending cultures. Clindamycin 
can be an alternative to metronidazole. If HSV is isolated or suspected, famciclovir 

Fig. 2 Patient with 
pseudomonas necrotizing 
gingivitis
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or valacyclovir should be added. Further therapy can be de-escalated to target the 
specific organism once the results of the cultures are available.

 Cervicofacial Space Infections

 Submandibular Space Infections

The submandibular space infections are also known as Ludwing’s angina. This 
infection is caused by cellulitis of the bilateral sublingual, and submental space. The 
culprit is usually an infection of the second or third mandibular molar, but non 
odontogenic infections or unknown etiology can also cause it [27].

On physical exam, the patient has drooling, dysphagia, stridor, and fever. The 
mouth is usually open and the tongue is edematous displaced against the palate. An 
area of induration and with crepitus may be felt under the submandibular area. The 
patient usually lean forward to maximize the diameter of the airway [28]. If 
untreated, the infection can progress to lymphangitis, submandibular face cellulitis 
with progression to necrotizing fasciitis and mediastinitis.

The disease is commonly polymicrobial including peptostreptococcus spp, fuso-
bacterium spp, prevotella spp, Staphylococcus aureus, and Pseudomonas spp. Other 
enteric gram negatives are also important pathogens in neutropenic patients [28].

The treatment is with systemic antibiotics discussed below. If rapid progression 
of the infection or worsening edema is seen, protection of the airway should be 
ensured. Intubation including tracheostomy before stridor or obvious airway com-
promise is seen must be preformed. Systemic antibiotics such as Vancomycin, plus 
piperacillin tazobactam, or cefepime plus metronidazole, or ceftazidime plus metro-
nidazole, or metronidazole, meropenem, imipenem, or doripenem should be started 
as soon as possible. Clindamycin can be an alternative to metronidazole.

If fluctuance is appreciated or clinical deterioration is seen in 36–48 hours, nee-
dle aspiration or debridement should be done [28].

Fig. 3  Patient with 
hemorrhagic HSV
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 Infections of the Lateral Pharyngeal Space

This compartment is further divided into anterior and posterior compartments by 
the styloid process. The posterior compartment and the cranial nerves IX to XII are 
within the posterior compartmental space. Infections of the lateral pharyngeal space 
carry high morbidity and mortality because they can spread to the carotid sheath 
leading to hematogenous dissemination. Dental infections, tonsillar abscess (quinsy 
abscess or postanginal sepsis), otitis, mastoiditis or parotitis are usually the infec-
tions of the lateral pharyngeal space.

Clinical symptoms include trismus, edema below the angle of the mandibula, 
fever, and sepsis. Unfortunately, this infection can spread rapidly especially in neu-
tropenic patients, and involve the retropharyngeal space and the mediastinum. In 
these cases, surgery is an emergency.

Complications of the lateral pharyngeal space include suppurative internal jugu-
lar thrombophlebitis or postanginal sepsis also known as Lemierre’s syndrome 
(Fig. 4). Most cases are caused by Fusobacterium necrophorum. Other potential 
involved bacteria include Bacteriodes, Eikenella, Streptococcus, peptostreptococ-
cus, Porphyromonas, Prevotella, Proteus, meticillin-sensitive Staphylococcus 
aureus, and meticillin-resistant Staphylococcus aureus [29].

Lemierre’s syndrome develops from lymphatic spread of infection. Trismus is 
usually absent and the patient may present only with fever of unknown origin with 
systemic toxicity. Unilateral sore throat may be present but not universally. Dyspnea 
may develop as the infection involves the epiglottis and the larynx.

Suppurative jugular thrombophlebitis is a feared vascular complication. Trismus 
may be minimal or absent, vocal cord palsy or cranial nerve involvement may be 

Fig. 4 CT of the neck 
demonstrates left jugular 
vein thrombosis (red 
circle) in a patient with 
Lemierre’s syndrome
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present. On physical examination, small area of edema may be palpated behind the 
sternocleidomastoid muscle [29]. Metastatic abscess to the lung, bones, and joints 
may develop. If retrograde dissemination occurs, meningitis or brain abscess may 
develop.

The treatment of the lateral pharyngeal space infections is with the same sys-
temic antibiotics discussed for infections of the submandibular space. CT scan may 
be useful to localize the infection and determine the presence of local suppuration. 
If local suppuration is seen, needle aspiration may be considered or required [28].

In patients with acute leukemia tonsilar or oral sweet’s syndrome may present 
similarly to the infections discussed above. Biopsy is crucial to make the diagnosis. 
Steroids are indispensable to prevent airway obstruction [30].

 Infections of the Retropharyngeal and Prevertebral Space

Infections of this space are rare but life threatening (danger space) (Fig. 5) since the 
infection can spread directly into the anterior and posterior portion of the upper 
mediastinum. Necrotizing mediastinitis may develop with rupture into the pleural 
cavity causing empyema. Pericarditis with infected pericardial effusions and even 
tamponade may also complicate the picture.

Prompt diagnosis and debridement are the mainstays of treatment. Systemic 
antibiotics as discussed for submandibular infections are also indicated [28].

Fig. 5 CT of the neck of a patient with C3-C4 prevertebral abscess
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 Key Points

Disease Organisms Treatment

Malignant 
otitis externa

Pseudomonas, Staphylococcus 
aureus, Aspergillus, Klebsiella 
oxytoca, Proteus mirabilis, 
Burkholderia cepacia, and 
Candida parapsilosis

Vancomycin plus one of the following: 
cefepime, ceftazidime, piperacillin- 
tazobactam, or carbapenem.
Vancomycin plus quinolone if the organism 
is proven to be sensitive.

Periorbital 
cellulitis

H. influenza, staphylococcus 
aureus, streptococcus spp, 
mocorales, aspergillus spp, and 
fusarium spp

Vancomycin plus one of the following: 
piperacillin tazobactam cefepime, 
ceftazidime, or carbapenem plus an 
antifungal such as lipid amphotericin 
pending microbiological information. ENT 
consult

Mucosal 
infections and 
necrotizing 
gingivitis

Streptococcus mitis spp, 
stomatococcus spp, 
fusobacterium spp, and other 
anaerobes, candida spp and HSV, 
Pseudomonas, MDR GNR

Piperacillin tazobactam, or cefepime plus 
metronidazole, or ceftazidime plus 
metronidazole, or carbapenem plus 
fluconazole. Clindamycin can be an 
alternative to metronidazole. If HSV is 
isolated or suspected, famciclovir or 
valacyclovir.

Neck space 
infections

Peptostreptococcus spp., 
fusobacterium spp., prevotella 
spp. Staphylococcus aureus, 
Psudomonas spp. and other 
enteric gram negatives

Vancomycin, plus one of the following: 
piperacillin tazobactam, or cefepime plus 
metronidazole, or ceftazidime plus 
metronidazole, or meropenem, or 
imipenem, or doripenem. Clindamycin can 
be an alternative to metronidazole.
Steroids to prevent airway obstruction.
ENT evaluation
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Abstract Pneumonia is defined as the presence of a new pulmonary infiltrate on 
radiologic imaging in the patient with appropriate clinical symptoms such as fever, 
cough, production of purulent sputum, shortness of breath and/or hypoxia, in the 
absence of pulmonary edema [1, 2].
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 Pneumonia/Pulmonary Infiltrates

 Introduction

Pneumonia is defined as the presence of a new pulmonary infiltrate on radiologic 
imaging in the patient with appropriate clinical symptoms such as fever, cough, 
production of purulent sputum, shortness of breath and/or hypoxia, in the absence 
of pulmonary edema [1, 2].

Absolute as well as functional neutropenia is the most important risk factor for 
development of pneumonia in cancer patients [3]. Duration of neutropenia is another 
important factor to consider as the etiology of pneumonia may differ in patients with 
prolonged (>15 days) neutropenia. Additionally, in patients undergoing hematopoietic 
stem cell transplant (HCT), time lapsed after transplant, antimicrobial prophylaxis 
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and intensity of immunosuppression should be considered, as these variables predict 
the development of certain pneumonia types in this unique patient population.

 Microbiology

 Bacterial Pathogens

Similar to the general patient population, pneumonia in neutropenic cancer patients 
can be classified based on the mode of acquisition into community-acquired pneu-
monia (CAP), hospital-acquired pneumonia (HAP), and ventilator-associated pneu-
monia (VAP).

CAP is defined as the type of pneumonia that develops in patients who have not 
been recently hospitalized. A true CAP is infrequently observed in neutropenic 
patients. CAP may be considered in patients with chronic prolonged neutropenia 
residing in the community as well as in neutropenic patients with newly diagnosed 
hematologic malignancies starting active chemotherapy. The most frequent patho-
gen causing CAP in cancer patients is Streptococcus pneumoniae [3, 4]. Other bac-
terial pathogens in neutropenic cancer patients causing CAP include Haemophilus 
influenzae, Staphylococcus aureus and Pseudomonas aeruginosa. Atypical patho-
gens such as Legionella spp., Chlamydophila pneumoniae and Mycoplasma pneu-
moniae should be included into the differential diagnosis as well.

HAP is defined as a pneumonia that is not present at the time of admission and 
instead occurs 48 hours or more after admission, whereas VAP is defined as pneu-
monia occurring 48 hours or more after intubation [1].

HAP and VAP are caused by a broad spectrum of pathogens with gram-negative 
bacilli being the most prevalent in the neutropenic cancer patient population [5–7]. 
The organisms that should be always considered include Pseudomonas aeruginosa, 
Escherichia coli, Klebsiella pneumoniae, Enterobacter spp., Serratia spp. and 
Acinetobacter spp. [5, 7]. Staphylococcus aureus is the most common gram- positive 
pathogen causing HAP/VAP. Streptococcus pneumoniae, Haemophilus influenzae 
could also be encountered, especially in patients with minimal or no recent expo-
sure to antibiotics or the hospital environment [3]. Isolation of certain gram-positive 
organisms from the blood or sputum samples, such as Viridans group streptococcus, 
Enterococcus spp., Bacillus spp., should be interpreted with caution as they are 
rarely implicated in the development of pneumonia. In such cases alternative source/
pathogens need to be considered [7]. Table 1 illustrates the list of the most com-
monly encountered bacterial pathogens in neutropenic patients.

The majority of neutropenic cancer patients are at risk for the development of mul-
tidrug resistant pathogens due to antimicrobial prophylaxis use, extensive exposure to 
broad-spectrum antibiotics as well as the nosocomial environment [8, 9]. Forty to 
eighty percent of Staphylococcus aureus isolates are methicillin-resistant [9]. The 
most important mechanisms of gram-negative organism resistance include the produc-
tion of various beta-lactamases such as Ambler class C (AmpC) beta- lactamases and 
extended-spectrum beta-lactamases (ESBL). The emergence of carbapenem- resistant 
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Enterobacteriaceae (CRE) is concerning. It has been associated with a delay in neces-
sary appropriate antibiotic therapy and high mortality in cancer patients [10].

 Viral Pathogens

Community-acquired viruses such as enterovirus/rhinovirus, influenza, respiratory 
syncytial virus (RSV) and other community-acquired viruses are commonly seen in 
neutropenic patients [3, 7]. In patients post HSCT and other severely immunocom-
promised patients, cytomegalovirus (CMV), varicella zoster virus (VZV) and, less 
commonly, HHV-6 should be considered as etiologic agents along with other viruses 
[7, 11] (Table 1).

 Fungal Pathogens

In patients with profound (ANC < 500) and/or prolonged duration of neutropenia 
(>10 days), in addition to the above mentioned etiologies, fungal pathogens should be 
strongly considered [12]. Aspergillus fumigatus is the most common fungal pathogen 

Table 1 Etiologic agents of pneumonia in neutropenic patients

Bacterial Viral Fungal

Gram-positive
Streptococcus pneumoniae
Staphylococcus aureus
Beta-hemolytic Streptococcus
Streptococcus Viridans
Rhodococcus equi
Gram-negative
Haemophilus influenzae
Moraxella Catarrhalis
Pseudomonas Aeruginosa
Escherichia Coli
Klebsiella Pneumoniae
Enterobacter cloacae
Serratia spp.
Proteus spp.
Acinetobacter baumanii complex
Stenotrophomonas maltophila
Burkholderia spp.
Atypical bacteria
Legionella spp.
Chlamydophila pneumoniae
Mycoplasma pleumoniae
Mycobacteria
Mycobacterium tuberculosis
Nontuberculous mycobacerium
Other pathogens
Nocardia spp.
Actynomyces spp.

Influenza A/B virus
Parainfluenza virus
Human metapneumovirus virus
RSV
Adenovirus
CMV
VZV
HSV
HHV-6

Aspergillus spp.
Zygomycetes
Fusarium spp.
Scedosporium spp.
Dark-walled fungi
Histoplasma capsulatum
Coccidioides immitis
Blastomyces dermatididis
Pneumocystis jiroveci
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causing pneumonia in this patient population. Aspergillus spp., Zygomycetes, 
Fusarium spp., Pseudaalesheria boydii, and dark-walled fungi are other potential 
etiologies that cause fungal pneumonia [3, 12, 13]. Endemic fungal pneumonias 
caused by Histoplasma capsulatum, Coccidioides immitis and Blastomyces dermati-
didis can occasionally occur, but are less common in neutropenic patients [3, 12].

Neutropenic patients with associated CD4 + cell depletion not receiving appro-
priate prophylaxis are at high risk for Pneumocystis jiroveci pneumonia [14, 15]. 
Examples include patients with acute lymphoblastic leukemia, those receiving 
CD4 + cell-depleting chemotherapy or chronic corticosteroids (equivalent of 20 mg/
day prednisone for more than 1 month).

 Other Pathogens

Rhodococcus, Actynomyces spp., Nocardia spp. and Mycobacterium spp. should be 
also considered [7, 16] in the etiology of pneumonia in neutropenic patients, espe-
cially with a subacute presentation.

 Clinical Manifestations

Fever, increased production of purulent sputum, dyspnea, and decrease in oxygen-
ation along with the findings of a new infiltrate are signs of pneumonia. In neutro-
penic patients, the symptoms can be rather subtle or atypical. Pleuritic chest pain 
and hemoptysis may be present as well.

 Differential Diagnosis

The differential diagnosis of pulmonary infiltrates in a neutropenic patient is broad. 
Other etiologies that should be considered include acute respiratory distress syn-
drome (ARDS), transfusion related lung injury (TRALI), diffuse alveolar 
hemorrhage(DAH), drug and radiation toxicity or pneumonitis, cryptogenic orga-
nizing pneumonia (COP), cardiogenic and non-cardiogenic pulmonary edema from 
capillary leak and the underlying malignancy [2, 17].

 Diagnosis and Radiologic Findings

Chest radiograph has a low sensitivity for early detection of pulmonary infiltrates in 
febrile neutropenic patients [17–19].This is especially true given the broad differen-
tial diagnosis discussed above Therefore, chest computed tomography (CT) is now 
considered the standard imaging procedure for diagnosing pneumonia in this patient 
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population. The number, characteristics and distribution of the infiltrates can help 
with the differential diagnosis and guide with a choice of empiric antimicrobial 
therapy (Table 2).

Consolidation pneumonia can be caused by bacterial pathogens such as s. aureus, 
pseudomonas, and enterobacteriaceae. Legionella can cause ground glass or con-
solidation pneumonia (Fig. 1). Diffuse bilateral infiltrates and bilateral ground-glass 
attenuation should raise clinical suspicion for atypical pathogens, viral (Fig. 2), or 
PJ pneumonia (Fig. 3) or a non-infectious etiology [18] (Fig. 4).

Nodular and/or cavitary infiltrates indicate the possibility of invasive fungal 
infection (IFI), especially in patients with prolonged duration of neutropenia 
(>10 days). The “halo” sign is defined as a nodule (typically >1 cm) surrounded by 
a perimeter of ground-glass opacity representing hemorrhage [20] (Fig. 5) This sign 
is commonly seen in patients with invasive pulmonary aspergillosis (IPA) [17, 21]. 
The reverse “halo” sign, defined as a focal area of ground glass attenuation sur-
rounded by consolidation (Fig. 6) is more frequently observed with zygomycosis 
[22, 23]. Fusarium pulmonary infections are typically characterized by the presence 
of multiple small (<1 cm) scattered nodules [23].

To establish a microbiologic diagnosis, sputum and blood cultures should be 
obtained. Streptococcus pneumoniae, Legionella urinary antigens and the respira-
tory viral panel PCR panel can assist with rapid diagnosis if positive. When IPA is 
suspected, it is strongly recommended to obtain serum galactomannan (GM) in 
patients with hematologic malignancies [18, 20].

Unless the etiology of pneumonia was established in an expedited manner using 
non-invasive rapid diagnostic testing or culture method as indicated above, bron-
choscopy with bronchoalveolar lavage (BAL) for cultures should be strongly con-
sidered in a febrile neutropenic patient with new pulmonary infiltrates [18, 24, 25]. 
Active bleeding or severe hypoxia might not allow early bronchoscopy, but it is 
generally considered a safe procedure in this patient population [24]. BAL sample 
should be sent for “standard”, fungal, mycobacterial, nocardia, Legionella cultures, 
respiratory viral panel and cytology. Based on prior studies, measurement of BAL 
GM may offer even higher sensitivity comparing to the performance of blood GM 
assays for the diagnosis of invasive fungal pneumonia [12, 13].

Table 2 Key radiologic features of pneumonia caused by different fungal agents

Fungal organism Radiologic appearance

Aspergillus spp. Few or single segmental nodular consolidations (diameter > 1–2 cm)
Few or single ground glass opacities with lobular distributions
Infiltrates mostly peripherally located
Nodular infiltrate with surrounded by ground glass infiltrate “Halo” sign

Zygomycetes Nodular consolidations (diameter > 2 cm), mostly peripherally located
Ground glass surrounded by an area of consolidation Reverse “Halo” sign. 
With or without
Pleural effusion

Fusarium spp. Scattered nodular consolidations (multiple (>2), average diameter < 1 cm)
Scedosporium 
spp.

Scattered nodular consolidations (multiple (>2), diameter 1–2 cm)
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Trans bronchial biopsy is rarely used in this patient population due to severe 
thrombocytopenia and risk of complications such as a life-threatening bleeding. 
CT-guided percutaneous lung biopsy can be considered for the patient with large 
peripheral lesions if the diagnosis is expected to change medical management and 
the benefits of the procedure outweigh its risks.

Fig. 1 Chest CT of a 
patient with Legionella 
pneumonia

Fig. 2 Chest CT of a 
patient with RSV 
pneumonia
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 Treatment

Antibiotic therapy should be initiated as soon as the blood and sputum cultures are 
obtained, but should not be held if there is a delay in obtaining a diagnostic 
work-up.

Initial empiric antibiotic regimens of a newly diagnosed pneumonia in a febrile 
neutropenic patient should include broad-spectrum antibiotic agents to cover 
Pseudomonas and S. aureus (including MRSA) [26]. Patients at risk for multidrug- 
resistant pathogens or with a prior history of such, as well as patients at high risk for 
mortality at the time of presentation (septic shock or pneumonia requiring ventilator 
support) should be prescribed two anti-pseudomonal agents from different classes 
until further information from the cultures is available [1]. Beta-lactam antibiotics 
with anti-pseudomonal coverage include cefepime, ceftazidime, piperacillin- 
tazobactam, or a carbapenem with anti-pseudomonal activity such as meropenem or 
imipenem. Aztreonam can be used as an alternative agent in patients with a 
 documented penicillin allergy. A second anti-pseudomonal agent can be either an 

Fig. 3 Chest CT of a patient with PJP pneumonia

Fig. 4 Chest CT of a 
patient with DAH
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aminoglycoside or a fluoroquinolone; however, neither of these antibiotics should 
be used as sole agents. Aminoglycoside monotherapy for the treatment of pneumo-
nia is not recommended due to poor lung penetration and alveolar concentration, 
prompting higher antibiotic dosing that potentially can lead to nephro- and ototoxic-
ity [1, 27]. Fluoroquinolone monotherapy is discouraged due to the increasing rate 
of resistance to this particular antibiotic class. Agents with MRSA coverage, 
 vancomycin or linezolid, should also be included into the initial treatment regimen 
of pneumonia.

Fig. 5 CT chest with the 
halo sign

Fig. 6 Chest CT with the 
reverse halo sign
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In neutropenic cancer patients with a true community-acquired pneumonia or an 
early hospital acquired pneumonia, an agent with coverage against atypical patho-
gens such as Legionella spp., Mycoplasma spp. and Chlamydophila pneumoniae 
should be included into the regimen. Fluoroquinolones, doxycycline or azithromy-
cin should be a part of the regimen in such clinical scenarios [28].

Anti-fungal therapy should be initiated in neutropenic patients with high suspi-
cion for invasive fungal pneumonia on radiographic testing or in the patients that do 
not appropriately respond to the initial antibiotic regimen, [3, 18]. Voriconazole or 
liposomal amphotericin B remains the preferred first-line regimen. In patients with 
suspected mucormycosis, liposomal amphotericin B is the preferred first-line agent 
for the initial therapy. Primary monotherapy with echinocandins is not recom-
mended due to low treatment response rates in patients with IPA [13, 20]. 
Combination regimens with two different anti-fungal agents are typically reserved 
as a salvage therapy in the treatment of IPA and mucormycosis [3, 13, 20].

In patients with suspected PJ pneumonia, first line therapy with high-dose trim-
ethoprim–sulfamethoxazole (TMP/SMX) should be initiated [18, 29]. In patients 
with allergic reactions or contraindications to TMP/SMX, a combination therapy 
with clindamycin plus primaquine may be considered as an alternative [18, 29]. 
Routine adjunctive therapy with steroids in non-HIV patients with the diagnosis of 
PJ pneumonia is not recommended [18, 29, 30].

Treatment of viral pneumonia is based on the etiologic agent. CMV pneumonia is 
treated with intravenous gancyclovir or foscarnet with a combination of intravenous 
immunoglobulin or CMV-specific immunoglobulin [18, 31, 32]. Due to the side 
effect of pancytopenia, ganciclovir is generally contraindicated in the settings of 
severe neutropenia or a pre-engraftment phase of HSCT [31, 32]. For the treatment 
of influenza A and B infections, neuraminidase inhibitors, such as oseltamivir, zana-
mivir, or peramivir are recommended [31]. RSV pneumonia is typically treated with 
aerosolized, oral or intravenous ribavirin [31, 33, 34]. Addition of intravenous immu-
noglobulin may further reduce mortality in this patient population [35]. In high-risk 
patients with severe human metapneumovirus (hMPV) pneumonia, ribavirin treat-
ment may be used as well but the use of this agent remains controversial [31, 36]. For 
the treatment of parainfluenza virus (PIV), the use of ribavirin has been described in 
the literature; albeit without any evidence of reduced mortality [37]. Treatment with 
interferon Alpha-2b for severe PIV pneumonia may be another promising therapeu-
tic option that needs to be studied further [38].

 Rhinosinusitis

 Introduction

Rhinosinusitis is defined as inflammation of the nasal cavity and paranasal sinuses [39]. 
Neutropenic patients with cancer are at increased risk for unusual microorganisms as a 
cause of rhinosinusitis as well as development of invasive or complicated disease.
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 Microbiology

In a healthy (not immune-compromised) host, community-acquired viruses such as 
rhinovirus, influenza and parainfluenza are responsible for the development of 
sinusitis [40] and should be considered in neutropenic patients with this condition 
as well. When a bacterial infection occurs, causative organisms to consider in this 
patient population are Pseudomonas aeruginosa, Staphylococcus aureus, 
Streptococcus pneumoniae, Haemophilus influenzae, and Moraxella catarrhalis 
[41, 42]. Oral anaerobic flora such as Prevotella spp., Fusobacterium spp. and 
Peptostreptococcus spp. are implicated as well, especially in chronic sinusitis [40]. 
Fungal/mold pathogen such as Aspergillus spp., mucorales, Fusarium spp., and 
dematiaceous fungi are the causes of invasive fungal sinusitis, commonly seen in 
patients with prolonged neutropenia [43].

 Clinical Manifestations

Purulent nasal drainage, nasal congestion, facial pain and pressure are the most 
common signs of acute sinusitis [39, 41]. Fever might be present in some of the 
patients. In complicated sinusitis, the infection might spread beyond the paranasal 
sinuses and nasal cavity. In such cases, oculo-orbital and CNS symptoms such as 
periorbital edema, erythema, vision changes, cranial nerve palsy, meningismus or 
focal neurologic symptoms might occur. The presence of necrotic eschars in the oral 
or nasal cavities should raise a high suspicion for invasive fungal process.

 Diagnosis

In febrile neutropenic patient with acute sinusitis, CT sinuses is typically the first 
diagnostic modality and can evaluate the extent of sinus involvement including pos-
sible fungal bony erosion or orbital invasion [44]. (Fig. 7).MRI sinuses could be 
used as an alternative imaging technique or if intracranial or cavernous sinus 
involvement is suspected. Early direct endoscopic visualization of the nasal mucosa 
by an otolaryngologist should be pursued [45]. Endoscopic biopsies and cultures of 
the affected tissues are typically positive to establish the diagnosis.

Nasopharyngeal swab for a respiratory viral panel aids in the diagnosis of 
uncomplicated viral sinusitis. Nasal swab cultures are not recommended due to their 
poor reliability.
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 Treatment

Febrile neutropenic patients with diagnosis of acute bacterial sinusitis should 
receive broad-spectrum antibiotics with anti-pseudomonal activity until culture 
results become available. These antibiotic options include cefepime, ceftazidime, 
piperacillin-tazobactam or an anti-pseudomonal carbapenem such as meropenem, 
imipenem or doripenem. The decision to include anti-MRSA agent, such as vanco-
mycin or linezolid, should be based on patient-specific risk factors and the severity 
of the illness.

When invasive fungal sinusitis is suspected in a patient with prolonged neutrope-
nia, treatment should not be delayed. Voriconazole, isavuconazole or liposomal 
amphotericin B are first-line options. In patients with high suspicion for invasive 
mucormycosis, liposomal amphotericin B is considered to be the drug of choice for 
initial therapy. Early surgical debridement by an otolaryngologist must be consid-
ered in such cases.
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Abstract Gastrointestinal infections in neutropenic patients are common espe-
cially in the setting of mucotoxic chemotherapy. In this setting common enteric 
pathogens can easily gain access to the bloodstream and cause bacteremia and 
severe sepsis. Additionally, other gastrointestinal infections commonly seen in 
immunocompetent patients such as clostridium difficile colitis can often complicate 
the clinical picture in neutropenic patients given the broad use of antibiotics.

Genitourinary infections in neutropenic patients occur as a complication of 
indwelling foley catheters, mucosal inflammation and anatomical abnormalities of 
the genitourinary tract. Although the pathogenesis is similar to the immunocompe-
tent population, the infections are more frequent and severe in neutropenic patients.

In this chapter, we will discuss the most common type of gastrointestinal and 
genitourinary tract infections in neutropenic patients.

Keywords Candida esophagitis · HSV esophagitis · CMV esophagitis · 
Neutropenic colitis · Typhlitis · Clostridium difficile colitis · Proctitis · 
Diverticulitis · Hepatitis B and C virus · Hemorrhagic viral cystitis

 Esophagitis

Neutropenic patients are particularly predisposed to develop infectious esophagitis 
given the chemotherapy induced mucositis, radiation therapy, immunosuppression, 
steroid use and prophylactic antibiotics. In this section, we will review the most 
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common cause of esophagitis including candida, herpes simplex (HSV) and cyto-
megalovirus (CMV). Other causes of esophagitis such as pill esophagitis, radiation 
and eosinophilic esophagitis, as well as other non-infections causes of esophagitis 
are not within the scope of this book.

 Candida Esophagitis

Candia albicans is the most common type of candida spp that cause candida esoph-
agitis but other type of candida spp. such as c. glabrata, c. kruseii, and c. tropicalis 
can also cause esophagitis in neutropenic patients [1].

Clinical symptoms of candida esophagitis include odynophagia and retrosternal 
pain. Oral or soft palate thrush may be a clue on physical examination, but is not 
always present [2].

The diagnosis of candida esophagitis is by endoscopy. White plaques are seen 
attached to the esophageal mucosa (Fig. 1). Mucosal samples demonstrate yeast and 
pseudohyphae. Cultures reveal candida spp.

The treatment of candida esophagitis is with empiric systemic antifungals based 
on the above symptoms. If the symptoms do not improve in 72 hours, endoscopy 
should be performed to rule out other causes of esophagitis [3].

The use of topical antifungal  agents  to treat candida esophagitis should be 
avoided. Systemic fluconazole is the agent of choice. Fluconazole resistant candida 
esophagitis should be suspected if the symptoms do not improve, especially patients 
who have been on prophylactic fluconazole, voriconazole, posaconazole, or isavu-
conazole. In such cases micafungin or amphotericin should be considered. The rec-
ommended length of treatment is 14–21 days [4].

Fig. 1 Endoscopic picture demonstrating candida esophagitis
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 Herpes Simplex Virus Esophagitis

The majority of Herpes Virus Simplex (HSV) esophagitis are due to HSV1, but 
HSV2 can also be isolated [5]. Patients usually complaint of dysphagia, odynopha-
gia, retrosternal pain with or without fever [6]. In addition, intractable hiccups has 
also been described [7].

On physical examination, oral vesicles or ulcers may be present, but not always 
as the infection may be deeper in the esophagus.

The diagnosis of HSV esophagitis relies on endoscopic observation of small 
coalescent ulcers less than 2  cm in diameter (Fig.  2). Biopsy of the suspicious 
lesions should be taken to confirm the diagnosis. Histopathology of the tissue dem-
onstrates multinucleated giant cells. The tissue should also be sent for HSV stains 
and culture.

Qualitative PCR from the tissue samples can be used, but this technique is highly 
sensitive and can be associated with asymptomatic viral shedding that does not 
necessarily correlates with clinical findings especially if no ulcers are visualized [8].

The treatment of HSV esophagitis in neutropenic patients should be for 
14–21 days. Famciclovir or valacyclovir can be used. If the patient is not able to 
tolerate medications by mouth, IV acyclovir can be prescribed.

Acyclovir by mouth is often used, but may not be as convenient as oral famciclo-
vir or valacyclovir because the absorption is less predictable and it has to be taken 
several times a day.

If the patients do not respond to initial therapy, HSV resistant virus should be 
suspected. In such cases, the initial therapy may have to be changed to foscarnet. If 
biopsy samples are available, they should be tested for thymidine kinase gene 
mutation. This mutation is associated with HSV resistance to valacyclovir and 
famciclovir [9].

Fig. 2 Endoscopic picture of HSV esophagitis
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 Cytomegalovirus Esophagitis

Cytomegalovirus (CMV) esophagitis is the second most common type of CMV 
infection after CMV colitis in immunosuppressed patients. In cancer patients, risk 
factors include radiation therapy, chemotherapy, and immunosuppression therapy. 
Clinical manifestations are similar to HSV and candida esophagitis including, ody-
nophagia, dysphagia, retrosternal chest pain, nausea and vomiting [10].

The diagnosis of CMV esophagitis is by endoscopic evaluation of the lesions and 
biopsy with tissue samples assessed for histopathology. The lesions are typically 
linear or shallow erosions. Tissue biopsy reveals the typical intranuclear and intra-
cytoplasmic inclusions with the characteristic cytomegalic cells (Fig. 3). CMV PCR 
in blood may not useful because it does not always correlate with organ disease [11, 
12].

The treatment for CMV esophagitis is ganciclovir, or its prodrug valganciclovir. 
Other options particularly for CMV resistant virus include foscarnet or cidofovir. 
The last 2 options are only reserved for patients who are intolerant or resistant to 
ganciclovir given their potential nephrotoxicity [13–15].

 Colitis, Proctitis and Diverticulitis

Neutropenic patients are particularly predisposed to develop different  causes of 
colitis. Prophylactic antibiotics, chemotherapy, and radiation therapy can be associ-
ated with mucositis and enteritis. Enteric flora and previous colonizing bacteria can 
cause local infection and translocate to the blood stream.

Neutropenic colitis known as typhlitis, and clostridium difficile colitis are the 
most common type of colitis in neutropenic patients and will be reviewed here. 
Other infectious causes of colitis such as CMV, adenovirus, rotavirus, norovirus, 
and parasitc colitis are not within the scope of this chapter.

Fig. 3 Typical intranuclear 
and intracytoplasmic 
inclusions with the 
characteristic cytomegalic 
cells
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 Neutropenic Colitis

Typhlitis is a life threatening enterocolitis that occurs mainly in neutropenic patients. 
The pathogenesis is poorly understood, but it is believed that chemotherapy induced 
mucosal injury, and motility dysfunction with bacterial overgrowth causing second-
ary bacterial infection may play a role. The most common affected area is the cecum 
followed by the ascending colon and the terminal ileum. It has been postulated that 
the distensibility of the cecum and limited blood supply may facilitate the bacterial 
overgrowth [16–18].

Typhlitis is usually a polymicrobial infection with several bacteria involved 
including Klebsiella spp, E. coli, Streptococcus viridans, Enterococcus spp, 
Pseudomonas, and Candida spp. Clostridium spp particularly clostridium septicum 
play an important role and may be associated with increased mortality [17–19].

Clinical manifestations include right lower abdominal distention, abdominal 
cramps, nausea, vomiting, watery or bloody diarrhea sometimes with hematochezia, 
and fever. The symptoms usually develop after the 3rd week of chemotherapy [19].

The diagnosis is usually clinical based on the above symptoms. Computed 
tomography (CT) of the abdomen and pelvis can confirm the diagnosis and rule out 
complications such as pneumatosis intestinalis and perforation. CT may reveal 
colonic wall thickening and cecum dilation (Fig. 4). Plain abdominal x ray lacks 
sensitivity but may reveal dilation of the cecum and ascending colon with intramu-
ral gas [17, 19].

The treatment of typhlitis is initially conservative with bowel rest, nasogastric 
suction, and parenteral nutrition if necessary. Systemic antibiotics such as piperacil-
lin tazobactam, or cefepime plus metronidazole or ceftazidime plus metronidazole, 
or meropenem, imipenem or doripenem are indicated. Surgical therapy is only indi-
cated when clinical deterioration is imminent despite the above measures. Other 
indications for surgical therapy include persistent bleeding despite correction of 
coagulopathies or bowel perforation [19].

Fig. 4 CT of the abdomen and pelvis of a patient with neutropenic colitis with significantly dilated 
cecum and ascending colon. There is air within the bowel wall in the ascending colon to the level 
of the splenic flexure
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 Clostridium Difficile Associated Disease

Clostridium difficile associated disease is an important cause of morbidity and mor-
tality in neutropenic patients. Chemotherapy, prophylactic antibiotics, mucositis, 
prolonged hospitalization, use of proton pump inhibitors, and immunosuppression 
predispose this population to develop Clostridum difficile associated disease. A 
multicenter survey reported that hospital acquired Clostridium difficile infection 
was twice as common in the cancer population compared with the general popula-
tion [20].

The clinical diagnosis of Clostridium difficile associated disease represents  a 
challenge in neutropenic patients because chemotherapy associated enteritis may 
have similar symptomatology. Some studies have shown that less than half of cancer 
patients with C. diff associated diarrhea have the classical symptoms including fever 
and abdominal pain [20].

The diagnosis of severe Clostridium difficile associated disease in neutropenic 
patients may be difficult to assess since these patients lack typical leukocytosis. In 
addition, they may have chronic kidney disease. In such patients, clinical judgment 
to treat as severe disease is a bedside decision.

Treatment and microbiologic diagnosis of Clostridium difficile in neutropenic 
patients follows the same recommendation as for non-neutropenic patients. 
Unfortunately, high risk neutropenic patients require prophylactic antibiotics which 
cannot be discontinued.

Either vancomycin or fidaxomicin is recommended over metronidazole for an 
initial episode of Clostridium difficile. If access to vancomycin or fidaxomicin is 
limited, then metronidazole for an initial episode of nonsevere Clostridium difficile 
infection is acceptable.

Oral vancomycin with or without intravenous metronidazole is the ideal treat-
ment for severe and complicated Clostridium difficile associated disease. The use of 
probiotics to prevent Clostridium difficile associated disease is not endorsed by the 
Society for Healthcare Epidemiology of America (SHEA) and the Infectious 
Diseases Society of America (IDSA). In addition, there is concern for possible 
bloodstream infection with the use of probiotics in the neutropenic population [20, 
21].

Classically, the length of treatment of Clostridium difficile associated disease is 
10–14 days. However in neutropenic patients, treatment often needs to be continued 
while receiving prophylactic antibiotics to prevent relapse. In such cases, oral van-
comycin 125 mg po bid can be used after 14 days of initial therapy while the patient 
remains on other antibiotics [22]. Metronidazole is not an ideal option for chronic 
prophylaxis to prevent Clostridium difficile because of the potential neurotoxicity 
when given beyond 28 days.

Fecal microbiota transplant is widely used in immunocompetent patients with 
recurrent Clostridium difficile associated diarrhea. In immunocompromised patients 
its use has not yet been accepted because of concern for donor related infections and 
bacterial translocation from the gastrointestinal tract to the blood stream [20].
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 Proctitis

Perirectal inflammation in neutropenic patients may occur as a result of mucosal 
inflammation from chemotherapy, diarrhea, bleeding hemorrhoids, or from perirec-
tal furuncles. Perirectal wounds can later develop into rectal fissures or perirectal 
abscesses. Small peri-rectal wounds can lead to blood stream infections. Given the 
anatomic location, these infection are usually polymicrobial. Bacteria involved are 
often E coli, Klebsiella spp, Pseudomonas spp, Enterobacter spp, Citrobacter spp, 
Proteus  mirabilis, anaerobes  spp, Enterococcus spp, Streptococcus viridans, 
Staphylococcus aureus and Candida spp. Molds are rare but can also be found [16].

Symptoms include fever, severe peri-anal pain that can be associated with 
constipation.

Diagnosis is usually clinical. If there is any concern for peri-anal or peri-rectal 
abscess, a CT of the pelvis should be ordered to evaluate its extent. In such cases, 
surgical consultation is indicated. In neutropenic patients, the timing and indication 
of surgery may have to be balanced with the risks for bleeding and poor wound heal-
ing [23].

Systemic antibiotics such as vancomycin in addition to piperacillin tazobactam, 
cefepime with metronidazole, ceftazidime with metronidazole, meropenem, imipe-
nem or doripenem are indicated. The initial antibiotic regimen can be narrowed to 
cover specific bacteria isolated once the patient is more stable and blood and peri- 
rectal cultures are finalized.

 Diverticulitis

Diverticulitis results from microscopic or macroscopic perforation of a diverticulum 
due to local inflammation. In neutropenic patients with diverticulosis, the inflamma-
tion may be precipitated by enteritis from chemotherapy and constipation. 
Complicated diverticulitis can lead to abscess formation (Fig. 5), perforation and 
fecal peritonitis.

Given the above reasons, immunosuppressed patient are often at risk for compli-
cated and recurrent diverticulitis.

The treatment of diverticulitis should include antibiotics to cover anaerobic 
organisms and enteric gram negative rods including Pseudomonas. Antibiotics such 
as piperacillin tazobactam, or cefepime plus metronidazole or ceftazidime plus met-
ronidazole, or meropenem, imipenem or doripenem are indicated. A low threshold 
for surgical treatment in immunosuppressed patients is endorsed by the 2014 
Guidelines by the American Society of Colon and Rectal Surgeons, but further 
study revealed increasing morbidity following surgical therapy in patients receiving 
chemotherapy [24, 25].
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The decision of surgical treatment should be individualized balancing the risk vs 
benefits considering the acute illness, overall medical condition, chances of healing 
and or eradicating the infection with medical therapy alone.

 Cholecystitis and Cholangitis

Cholangitis and cholecystitis in neutropenic patients just as in the general popula-
tion results from cholelithiasis. It can also result from malignant lesions of the bili-
ary tract. As a result, enteric gram negative rods, and anaerobic bacteria can 
translocate into the bloodstream causing sepsis.

The clinical symptoms include fever, right upper quadrant abdominal pain and 
jaundice if obstructive cholangitis is present. Treatment includes relieving the 
obstruction of the biliary tree if present and systemic antibiotics [26].

Antibiotics such as piperacillin tazobactam, or vancomycin and cefepime plus 
metronidazole or vancomycin and ceftazidime plus metronidazole, or vancomycin 
and meropenem, imipenem or doripenem are indicated.

 Hepatitis

Hepatitis B virus (HBV) and hepatitis C (HCV) are very common viruses world-
wide. In oncologic patients, HBV reactivation ranges between 30% and 80% 
depending the chemotherapy regimen.

Fig. 5 CT of a patient 
with diverticulitis and 
sigmoid abscess
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The Center of Disease Control (CDC) recommends screening for HBV in all 
patients receiving cytotoxic or immunosuppressive therapy. Patients who have hep-
atitis B surface antigen (HBsAg) or who are hepatitis B core antibody (HBcAb) 
positive and receive chemotherapy regimens with anti CD20 agents, TNF alpha 
inhibitors, and anthracyclines are at higher risk for reactivation. In these patients 
HBV prophylaxis should be considered. Ideal regimens for HBV prophylaxis 
include tenofovir, entecavir adefovir and lamivudine [26–28].

HCV reactivation in cancer patients has not been well studied and little is known 
about the need for prophylaxis, but newer therapies can ensure cure in 12 weeks 
decreasing morbidity and mortality in this population. The National Comprehensive 
Cancer Network (NCCN) guidelines recommends that all patients receiving chemo-
therapy or immunosuppressive therapy should be screened and treated for HCV 
particularly if the life expectancy is greater than 12 months [26, 27].

Other viruses such as Cytomegalovirus (CMV), Herpes Simplex Virus (HSV), 
Varicella Zoster Virus (VZV) and Adenovirus can also cause severe hepatitis in 
neutropenic and immunosuppressed patients, but are rare outisde of the allogeneic 
stem cell transplant population . These infections are not within the scope of this 
chapter.

 Genitourinary Tract Infections

Neutropenia, chemotherapy, mucosal inflammation and indwelling foley catheters 
increase the susceptibility for developing genitourinary infections (GU) infection. 
Although the pathogenesis is similar to the immunocompetent population, the 
infections are more frequent and severe in neutropenic patients.

Unfortunately, in this population, the diagnosis represents a challenge because 
the signs and symptoms of inflammation may be absent and the sensitivity of pyuria 
may be low [29].

The presence of a foley catheter increases the risk of bacteriuria 5–10% per day. 
The most common organisms that cause urinary tract infections include enteric 
gram negative rods such as E coli, klebsiella pneumoniae, and Proteus mirabilis. 
Staphylococcus saprophyticus is also a common pathogen [30].

In neutropenic patients, other bacteria such as Enterococcus and Pseudomonas 
spp can also cause GU infections. Rarely molds including Fusarium spp may be 
involved [31].

The treatment of urinary tract infections in neutropenic patients should be 
directed towards the isolated organism. The duration may be longer to prevent 
recurrent infection while the patient is still neutropenic.

Antimicrobial treatment should also be given for patients with prolonged and 
profound neutropenia and asymptomatic bacteriuria because of the high risk of 
bacteremia.
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Hemorrhagic viral cystitis is an important cause of morbidity and mortality in 
transplant patients but is rarely seen in neutropenic patients without transplant. The 
viruses commonly involved are BK, Adenovirus, and CMV.

 Key Points

Disease Organisms Antibiotics

Esophagitis Candida, HSV, rarely CMV Fluconazole if Candida. 
Famciclovir, or Valacyclovir.
If HSV, and Ganciclovir if 
CMV.

Typhlitis, 
diverticulitis

Klebsiella spp, E. coli, Streptococcus 
viridans, Enterococcus spp, Pseudomonas, 
Candida spp, Clostridium spp and other 
anaerobes

Piperacillin tazobactam. 
Cefepime plus metronidazole. 
Ceftazidime plus 
Metronidazole.
Meropenem, or Imipenem or 
Doripenem.

Proctitis E coli, Klebsiella spp, Pseudomonas spp, 
Enterobacter spp, Citrobacter spp, Proteus, 
anaerobes, Enterococcus spp, Streptococcus 
viridans, Staphylococcus aureus and 
Candida spp. Molds are rare but can also be 
found

Vancomycin plus Piperacillin 
Tazobactam.
Vancomycin plus Cefepime and 
Metronidazole.
Vancomycin plus Ceftazidime 
and Metronidazole.
Vancomycin and Meropenem, 
Imipenem or Doripenem until 
susceptibilities are available.

Clostridium 
difficile colitis

Clostridium dificile Oral Vancomycin or 
Fidaxomicin.
If access to Vancomycin or 
Fidaxomicin is limited, then 
Metronidazole for initial 
episode of nonsevere 
Clostridium difficile infection.
Oral vancomycin with or 
without intravenous 
Metronidazole for severe and 
complicated Clostridium 
difficile associated disease.

Cholecystitis 
and 
Cholangitis

Enteric gram negative rods, anaerobic 
bacteria

Piperacillin tazobactam. 
Vancomycin and Cefepime plus 
Metronidazole.
Vancomycin and Ceftazidime 
plus Metronidazole.
Vancomycin and Meropenem, 
Imipenem or Doripenem
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Skin Infections

Nancy Rihana and Mindy Sampson

Abstract Cutaneous infections are common in immunocompromised patients. 
Neutropenia predisposes patients to fungal, bacterial and viral infections. 
Antibacterial antifungal and antiviral prophylaxis have caused a significant reduc-
tion in some of these infections.

There are two main types of cutaneous infections: primary cutaneous infections 
and cutaneous manifestations of a disseminated infection. In the latter, skin lesions 
may be the window to disseminated bloodstream infection and the first and only 
evidence of a disseminated life threatening infection.

The diagnosis may be at your fingertips; therefore a thorough skin exam is the 
clue. However, it’s also important to know the characteristic lesions associated with 
different infections. It will help expedite diagnosis so appropriate treatment is initi-
ated promptly in neutropenic patients, which can be lifesaving.

In a retrospective study of 43 neutropenic febrile patients with cutaneous lesions, 
fungal infections were the most frequent, and nodular lesions on the lower extremi-
ties were the most prevalent (Naorungroj and Aiempanakit, J Am Acad Dermatol 
74:AB166, 2016).

Skin biopsy for pathological study and culture remains the gold standard and 
should be obtained early to confirm the suspected diagnosis. In these immunocom-
promised patients the inflammatory response is altered by either the primary disease 
or its treatment. Therefore, routine pathogens may present in an atypical fashion, 
with diminished or absent induration, erythema, or pustulation in response to bacte-
rial resulting cutaneous infection without typical cellulitis (Urabe, Clin Infect Dis 
39:S53–S55, 2004). Skin lesions are evaluated not only by morphology, but also in 
the context of the clinical setting and biopsy result. The skin biopsy is inexpensive, 
relatively noninvasive and without contraindication, and may avoid the need for 
more invasive procedures such an open lung biopsy (Grossman, et al., Cutaneous 
manifestations of infection in the immunocompromised host. Springer 
Science+Business Media, LLC, New York, 2012).
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In addition to antimicrobial therapy, surgery should not be postponed in the face 
of progressive skin and soft tissue infection in this population (Brzozowski and 
Ross, J Hand Surg Br 22:679–680, 1997).

Keywords Ecthyma gangrenosum · Bullous cellulitis · Fulminant necrotizing 
infections · Spontaneous clostridial myonecrosis · Purplish discoloration · 
Crepitation · Necrotizing enterocolitis · Subcutaneous nodules · Disseminated 
cutaneous mycobacterium · knife-cut sign · Herpetic whitlow · Disseminated HZ

 Bacterial Infections

 Gram Negative Bacteria

Neutropenia is one of the major risk factors for gram-negative cellulitis. We will 
review the main gram negative pathogens and their cutaneous manifestations in this 
population.

Pseudomonas aeruginosa, usually a nosocomial pathogen has emerged as a 
common cause of infection in immunocompromised patients; most often in neutro-
penic leukemics during chemotherapy. The routine use of anti-pseudomona antimi-
crobial prophylaxis in cancer patients with prolonged neutropenia has reduced the 
overall incidence of pseudomonal infections. However the emergence fluroquino-
lone resistant gram negatives including Pseudomonas remains an important threat in 
neutropenic patients. Pseudomonas can invade through areas of micro erosions 
especially over intravenous, urinary catheters, decubital ulcerations and thermic 
damage [1].

Cutaneous lesions occur in 30% of cases of Pseudomonas bacteremia [2]. The 
site of origin of the Pseudomonas is most commonly the respiratory or genitouri-
nary tract. P. aeruginosa infection can also be acquired from a humid environment 
including showers, sinks, and flower vases.

The dermatologic manifestations of Pseudomonas sepsis include ecthyma gan-
grenosum, hemorrhagic bullae, necrotizing/gangrenous or bullous cellulitis, painful 
vesicular lesions, and small papules on the trunk resembling rose spots of typhoid 
fever, grouped petechiae, erysipelas-like lesions with hyperesthesia, erythematous 
or violaceous subcutaneous painful nodules, and necrotizing or malignant external 
otitis [3].

Ecthyma gangrenosum (EG) has classically been considered a pathognomonic 
sign of Pseudomonas aeruginosa septicemia, although it can be reported with mul-
tiple other gram-negative bacterial, fungal, and viral infections in the immunocom-
promised host. It can occur as single or multiple lesions. Most cases of ecthyma 
gangrenosum have been associated with septicemia, but it can also occur in the 
absence of Pseudomonas bacteremia. The most common sites for ecthyma gan-
grenosum are the gluteal, perineal area, axillary and extremities [4].

N. Rihana and M. Sampson



51

It begins as an area of erythema and edema that progresses to hemorrhagic bullae 
that rupture, evolving into a painless central blackish gray necrotic area (eschar) 
surrounded by an erythematous halo. It grows up to several centimeters in diameter 
over 12–24 h. The necrosis may extend as deep as muscle. Pus is minimal. Lesions 
at various stages of development may be present at different sites in the same patient 
[3]. Ulcerations are sensitive on palpation [1]. It is assumed that necrosis of the skin 
is caused by Pseudomonas elastase which destroys elastic lamina of the blood ves-
sels and allows liberation of the pathogen into the subcutaneous tissues [5] (Fig. 1).

The pathologic hallmark of EC is vasculitis sparing the intima and without 
thrombosis which distinguishes it from other forms of bacterial vasculitis in which 
septic intraluminal thrombi attach to bacteria and invade the endothelium [4].

E. Coli, is a common cause of cellulitis in the immunocompromised host that is 
impossible to distinguish from streptococcal cellulitis. It is rapidly progressive and 
limb threatening if appropriate antibiotic are not started promptly [3, 6]. E. coli may 
also produce abscesses anywhere in the body but mainly cause perirectal phlegmon 
in neutropenic patients.

Ecthyma gangrenosum described above, is considered pathognomonic for 
Pseudomonas aeruginosa but has also been described with multiple other gram- 
negative organisms including E. coli, E. cloacae, Klebsiella, Serratia, Citrobacter, 
Morganella, and Stenotrophomonas [3, 7–11]

Aeromonas species are gram-negative, non-sporulating facultative anaerobic 
bacillus found in brackish or fresh water lakes, streams and soils. They have also 
been recovered from chlorinated tap water, including hospital water supplies. It may 
be isolated as well from stools of asymptomatic carriers. Among patients with can-
cer, Aeromonas septicemia is more likely to occur in leukemic patients and its asso-
ciated with water related activities in only 10% cases but is nosocomially acquired 
in 60% [12]. About 20–30% of infections are associated with skin lesions.

In immunosuppressed patients, Aeromonas can cause various infections that are 
likely to be fatal including severe cellulitis, fulminant necrotizing infections, and 
ecthyma gangrenosum. Myonecrosis and gas production have occurred with 
Aeromonas and can simulate clostridial gas gangrene [3].

Fig. 1 Ecthyma gangrenosum secondary to Pseudomonas aeruginosa in a neutropenic patient 
after induction therapy for acute myelogeneous leukemia
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Aeromonas infections of freshwater traumatic wounds after water related activi-
ties such as fishing or swimming cause a rapidly progressive cellulitis that develops 
within 8–48 h after trauma followed by suppuration and necrosis around the wound, 
myonecrosis and sometimes osteomyelitis. It often requires surgical debridement in 
addition to antibiotic therapy [4].

Chromobacterium violaceum is a rare but frequently fatal infection. Its an 
anaerobic gram-negative rod that is commonly found in soil and water in tropical 
and sub-tropical climates between latitudes 35° north and 35° south. Cutaneous 
infection is rare and usually occurs with exposure of broken or injured skin to con-
taminated muddy or stagnant water or soil in patients with neutrophil dysfunction 
or HIV infection. Infection in the skin tends to present with cellulitis, pustules, 
ulcers, or abscesses accompanied by severe systemic symptoms [3].

 Gram Positive Bacteria

Over the course of the last several decades, the frequency with which gram-positive 
bacteria have been isolated from neutropenic patients with cancer has increased 
[13]. We will review the main gram positive pathogens that lead to cutaneous 
involvement in neutropenic patients.

Bacillus cereus commonly presents in a neutropenic patient as a single painful 
vesicle, pustule, or bulla on a digit or extremities with rapidly spreading cellulitis 
during the spring and summer. The bulla may become necrotic and develop a black 
eschar. It’s usually associated with systemic toxicity [3]. Gram stain of the aspirate 
smear demostrates large Gram-positive rods, which may be mistaken for Clostridium 
infection and treated with penicillin. B. cereus and B subtilus cause most of the 
infections. About half of these infections arise at sites of indwelling intravascular 
catheters [4]. occasionally widely disseminated blood stream infections may occur 
including endocarditis and brain abscess [14–16].

Clostridium species account for 30% of anaerobic bacteremias in all cancer 
patients [17]. It tends to cause a fulminant infection in neutropenic patients. Sixty 
percent of the isolated cases are secondary to Clostridium perfringens and 30% by 
Clostridium septicum. Clostridium perfringens is usually part of the colonic flora 
while C. septicum is typically found in soil and animals, but is not normal human 
flora [3]. Forty percent of the clostridium infections are polymicrobial, which indi-
cates the gastrointestinal tract as the source of these infections [17].

Two types of cutaneous manifestation have been described in neutropenic 
patients: spontaneous, non-traumatic gas gangrene, and spreading cellulitis [4].

(a) Spontaneous clostridial myonecrosis (gas gangrene) most commonly associated 
with a silent colon carcinoma, an underlying hematologic tumor or neutrophil 
dysfunction [3]. Its is clinically characterized by the sudden onset of excruciat-
ing pain in the involved site- usually the leg esp. if associated with abdominal 
involvement. The swelling is rapidly progressive, associated with purplish/
bronze discoloration and blister formation- usually hemorrhagic. Involvement of 
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underlying muscle is always more extensive than the evident skin involvement. 
The blister serosanguinous fluid will contain GPR, but inflammatory cells are 
infrequent [4]. Pathology: there is cell lysis and gas formation in connective tis-
sue and muscle with minimal inflammation [4].

The diagnosis of clostridial myonecrosis requires a high index of suspicion, 
since the infection spreads rapidly and death may occur within 24–48 h. Gram 
stain of a bulla allows for a timely diagnosis. Anaerobic cultures should be sent 
to determine appropriate antibiotic use. Imaging with X-ray or computed tomog-
raphy (CT) scan can demonstrate soft tissue gas (a late finding) and help deter-
mine the extent of infection [3].

 (b) Spreading cellulitis with clostridial septicemia is a fulminant infection in neutro-
penic patients. A small area of purplish discoloration develops, often on the flank 
or abdominal wall. The lesion will expand rapidly over several hours, and more 
lesions appear in other areas. As it progresses, the lesions turn into brownish to 
blackish color with blister formation and crepitation. Clostridium can be cap-
tured in the fluid, but without inflammatory cells [4].

Clostridium septicum has been associated with necrotizing enterocolitis (typh-
litis), which typically is a fulminant infection of the intestines in neutropenic 
patients [18].

Corynebacterium jeikeium (C. jeikeium) Corynebacterium species are part of 
the normal skin flora. The most common sites of colonization by C. jeikeium are the 
perineum, rectal, inguinal and axillary areas. Corynebacteria species rarely cause 
infection. Infections due to C. jeikeium are mainly seen in immunosuppressed 
patients, especially those with neutropenia and indwelling catheters [19].

Primary cutaneous infection with C. jeikeium occurs at breaks in the skin barrier 
due to bone marrow biopsy, intravascular catheter insertion, groin or perirectal areas 
(anal fissures) which serve as a portal of entry into the bloodstream, leading to sep-
ticemia. Primary skin lesions typically present as cellulitis or wound infection [20].

Secondary skin and soft tissue infections with C. jeikeium develop in almost 
30–50% of neutropenic patient with C jeikeium bacteremia [4]. It may present as 
single to multiple, nontender, noninflamed 2  ×  2 cm subcutaneous nodules that do 
not spontaneously drain but are purulent upon surgical drainage [19]; bright red, 
non-blanching papules with satellite petechiae and central necrosis or pustulation 
on the trunk and/or extremities [20].

Staphylococci species are frequent colonizers of normal skin but commonly 
infect immunocompromised individuals. Leukopenic patients are at greatest risk for 
infection. Common infections include impetigo, furuncles, carbuncles, ecthyma, 
folliculitis, cellulitis etc. In immunocompromised patient, vesicle or bullous erup-
tion can be seen [3].

Streptococcal infections in bone marrow transplant (BMT) recipients and acute 
leukemia patients are serious and may be clinically atypical [4]. Group A or Group 
B streptococcus cutaneous manifestations include erysipelas/cellulitis in only 25%, 
the rest of the cases are infections of wounds or ulcers, myositis, necrotizing fasci-
itis, and toxic shock syndrome.
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Viridans group streptococci (VGS) are part of the normal microbial flora of 
humans, risk factors for invasive disease is mucositis and neutropenia.

A case control study of VGS sepsis was done at the University of Texas M. D. 
Anderson Cancer Center in Houston, where controls were randomly selected from 
patients with other Gram-positive septicemia. Flushing of the face and a rash 
occurred in nearly 60% of these patients but were uncommon in the control group. 
The rash was usually erythematous maculopapular, beginning on the trunk and pro-
gressing to the face and extremities compatible with toxic shock syndrome picture. 
In 25% of the cases, the rash resulted in desquamation of the palms and soles 
1–2 weeks later. Ten percent of the patients developed ARDS, shock, or renal failure 
and died despite more than 4 days of vancomycin therapy. The patients with VSG 
had a higher rate of oral mucositis, BMT, and severe neutropenia <100, on antacid 
or H2 antagonist therapy, and parenteral nutrition [4, 21].

 Mycobacteria

Mycobacterial cutaneous infection occurs as a result of direct inoculation from an 
exogenous source, or through contiguous or hematogenous spread. Cutaneous 
mycobacteria can exhibit a large spectrum of morphological presentation. Infection 
may be caused by Mycobacterium tuberculosis (MTb), Mycobacterium avium 
intracellulare complex (MAC), and other non-tuberculous mycobacteria (NTM) 
including rapidly growing mycobacteria (RGM), although MTb is commonly seen 
in HIV patients those undergoing solid organ transplant.

Tuberculosis in neutropenic patients is one of the most serious opportunistic 
infections encountered. Cutaneous miliary tuberculosis presents as erythematous to 
brown papules, which can become vesicular or pustular. The tiny vesicles or pus-
tules rupture and form a central crust on the papule. Removal of the crust leaves a 
minute but sharply defined umbilication [3].

Pathology results are characterized by the absence of a granulomatous response, 
giant cells, and true caseating granulomas [6]. An acid-fast stain (if the diagnosis is 
considered and the stain requested) usually shows numerous acid-fast bacilli (AFB) 
seen quite easily [3].

NTM are ubiquitous in the environment and reside in soil and water. Of the over 
150 NTM species, only ∼25 are known to cause disease in humans [22]. Skin and 
soft tissue infections are most commonly caused by Mycobacterium marinum and 
Mycobacterium ulcerans, which are both slowly growing mycobacteria [23].

In the immunocompromised, the typical history of previous trauma or surgery is 
absent, thus cutaneous Mycobacteria infection are most probably the result of 
hematogenic dissemination, resulting in multiple skin lesions. This clinical entity is 
well described in patients with T cell mediated immunodeficiency such as AIDS, 
solid organ and bone marrow transplant patients, but infrequently in patients with 
hematological malignancies, either with or without neutropenia [24].
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Case studies described highlight the variety of immune system dysfunction 
(T-cell, humoral, or granulocyte-related) which combined may have predisposed to 
the disseminated NTM in neutropenic patients [13, 25]. Chronic indwelling central 
venous catheter-related infection is one of the most common risk factor for dissemi-
nated nontuberculous mycobacterial infection [26].

The lesions are usually more extensive in the immunosuppressed population, 
nonspecific and heterogeneous. They range from panniculitis (Fig.  2), single to 
widespread nodules, sinus tracts, nonhealing ulcers, subcutaneous abscesses, or 
erythematous plaques (Fig. 3) [3].

Mycobacterium malmoense, a slow-growing mycobacteria may cause cutaneous 
lesions that were described in a 75 year old neutropenic man with myelodysplastic 
syndrome, who was also receiving corticosteroids. He developed papulokeratotic 
pinkish nodules lesions in a sporotrichoid distribution on the arm that later ulcerated 
and some became necrotic [27].

Mycobacterium avium-intracellulare complex (MAC), is a common opportunis-
tic pathogen in AIDS patients and patients with cell medicated immunodeficiency 
mainly, it can also cause infections in neutropenic patients. The clinical manifesta-
tions include widespread erythematous tender nodules on the upper, and lower 
extremities, chest and abdomen that can ulcerate (Fig. 2). The infection is usually 
associated with bacteremia and cavitary lung lesions may also be present. Skin 
biopsy demonstrates areas of dermal and subcutaneous necrosis with numerous 
acid-fast bacilli [3].

Mycobacterium fortuitum, Mycobacterium abscessus, and Mycobacterium che-
lonae are collectively referred to as rapidly growing mycobacteria (RGM). These 
environmental pathogens may cause skin infections that usually occur following 
trauma or surgical procedures and injections, which is usually not present in immu-
nocompromised patients. M. fortuitum infection is more common in immunocom-
petent patients, while M. chelonae and M abscessus more often infects 
immunocompromised patients [3].

Fig. 2 Indurated tender 
red lesions on the 
extremities of an 
immunocompromised 
patient – skin biopsy was 
consistent with infectious 
panniculitis secondary to 
Mycobacterium chelonae
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Fig. 3 Disseminated mycobacterium avium intracellulare complex in neutropenic patients

Disseminated cutaneous Mycobacterium chelonae infection in neutropenic 
patients can cause neutropenic fever and multiple dusky red to purple, tender, 
subcutaneous nodules on the face, arms, and legs, resulting in firm purple ulcerat-
ing nodules. Within weeks, the nodules can developed larger plaques that can 
ulcerate [25].

It is essential to maintain a high index of suspicion for atypical mycobacterial 
infection, as acid-fast organisms may be difficult to identify on histologic sections, 
and many of these fastidious pathogens are challenging to grow in culture, often 
requiring weeks for the culture to turn positive, and in some cases requiring specific 
media. Polymerase chain reaction (PCR) is an emerging technique, which may aid 
in the diagnosis of mycobacterial infections. Speciation of the offending organism 
is crucial, as the antibiotic susceptibility profiles differ among the organisms and are 
essential to achieving therapeutic success [3].
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 Viral Infections

Neutrophils are not the primary defense against viral infections. However hemato-
logic malignancy is the most prevalent background of neutropenic patients with 
cutaneous lesions 95.3% based on a retrospective review from 2009–2014 [28]. In 
this population, the combination of dysfuction of different parts of the immune 
system provides sufficient opportunity for viruses such as herpesiviridae to reacti-
vate and cause disseminated infection [13].

 Herpes Simplex Virus

Infections caused by herpes simplex virus (HSV) are exceedingly common in- 
patient with acute leukemia and post bone marrow transplant [4].

They are divided into primary and secondary (recurrent) forms, which are self- 
limited in normal hosts. In the majority of immunocompromised hosts, the HSV 
infection is not primary but rather reactivation of latent HSV.

Most herpetic infections involve the oral mucosa, lips, and nares. Genital lesions 
are less common [4]. Any periorificial ulceration in the immunocompromised host 
should be considered herpes simplex until proven otherwise.

Symptoms such as paresthesia, burning sensation or pruritus precede the lesions. 
They begin as vesicles that rupture spontaneously, leaving ulcerations that enlarge, 
coalesce and become encrusted. Infection often follows a chronic course in immu-
nosuppressed patients, resulting in larger, deeper, painful necrotic erosive lesions 
known as phagedena. Superinfection by bacteria or fungi, esp. by Staphylococcus 
aureus may occur, which may distort the initial appearance, resulting in misdiagno-
sis. Healing typically occurs within 1 week in normal hosts, but may take up to 
5 weeks in immunocompromised patients [3, 4].

Intraoral HSV can present as ulcerations with polycyclic borders, linear fissures 
on the tongue known as herpetic geometric glossitis. The break of mucosal integrity 
provides a portal of invasion by both pathogenic and normal microbial flora inhabit-
ing the mouth. Other variant of atypical herpes simplex virus infection is deep linear 
fissures in the skin folds (inframammary, infra-abdominal, inguinal, or vulvar) 
termed the “knife-cut sign”, and bilateral mutidigit herpetic whitlow (Fig.  4) 
reported in a patient after receiving chemotherapy for chronic lymphocytic leuke-
mia (CLL) [3].

Both oral and intravenous acyclovir has been effective in preventing HSV infec-
tion in patients with acute leukemia and BMT recipients.
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 Herpes Zoster Virus

Herpes zoster (HZ) represents reactivation of the varicella-zoster (VZ) virus. 
Following the primary varicella infection (chicken pox), the virus remains dormant 
in a dorsal root ganglion or a cranial nerve ganglion. Reactivation occurs as herpes 
zoster with cutaneous vesicles and dermatomal pain. The skin lesions of VZ in the 
immunocompromised host occur in three forms: (a) dermatomal HZ (which may be 
less than 3 contiguous dermatomes), (b) disseminated HZ and (c) chronic HZ or 
recurrent HZ.  In patients with malignant disease, the incidence of HZ is further 
increased: highest in lymphoreticular disorders, Hodgkin’s disease, then non- 
Hodgkin’s lymphomas, followed by solid tumors, particularly small cell carcinoma 
of the lung [29] (Fig. 5).

 Cytomegalovirus (CMV)

CMV (HHV-5) is a common human viral infection affecting 40–100% of adults 
worldwide. Acute infections are often asymptomatic, but once the infection is 
acquired, there is a lifelong latency along with the risk of intermittent reactivation. 
CMV disease is due to reactivation of latent virus following iatrogenic immunosup-
pression in organ transplantation, and cancer chemotherapy. Skin manifestations of 
CMV are rare in any setting, and very nonspecific (exanthematous, maculopapular, 
or morbilliform eruptions) and therefore diagnosis is often delayed. The cardinal 
manifestation of CMV infection in the skin is a chronic painful ulcer of the anal, 
perianal, or anogenital area. Although uncommon, oral manifestations of CMV 

Fig. 4 Herpetic whitlow
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infection have included painful erosions or ulcers of the tongue, buccal mucosa, and 
pharynx. Skin biopsy will confirm the diagnosis by demonstrating the characteristic 
large intranuclear inclusions with a surrounding halo, or “owl’s eye” characteristic 
of CMV. The diagnosis is confirmed with immunoperoxidase stain [3].

 Fungal Infections

There are many fungi including yeast and mold, which are of medical importance, 
particularly in the immunocompromised population. Patients with hematologic 
malignancies and those receiving chemotherapy are at highest risk [30]. Fungal 
infections have many clinical presentations including dermatologic manifestations. 
These infections can be localized after local trauma, progress to invasive disease or 
dissemination, or result from hematogenous infection.

 Candida

Superficial cutaneous Candida infections such as intertrigo and vaginitis present 
similarly to immunocompetent patients [30]. However, they may be more common 
in patients who require systemic antibiotics or steroids during their oncologic treat-
ment. Most superficial infections can be treated with topical anti-fungal [31].

Disseminated candidiasis can occur in neutropenic and non-neutropenic popula-
tions. The portal of entry is typically via gastrointestinal translocation or introduc-
tion from a central line. In patients with hematologic malignancies and stem-cell 
transplantation, non-albicans species predominate including C. glabrata, C. krusei 
and C. tropicalis [32–36]. In solid tumors, approximately half of disseminated can-

Fig. 5 Disseminated zoster in a neutropenic patient with acute myelogeneous leukemia
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didiasis is secondary to C. albicans [32]. The epidemiology of these infections is 
likely related to the choice of fungal prophylaxis and resistance patterns of non- 
albicans species [34]. The frequency of cutaneous manifestations in the setting of 
candidemia is reported to occur in 11–44% of cases [34]. The typical skin lesions 
are 5–10 mm pink papules, which rarely lead to eschar formation or skin necrosis. 
There are often numerous papules involving the trunk and proximal extremities 
[30]. Some lesions may be purpuric, especially if thrombocytopenia is also present 
[34]. Mortality associated with candidemia has been reported to be over 50%, there-
fore prompt recognition of skin lesions and initiation of empiric treatment is impor-
tant [35]. Diagnostics can be challenging, positive blood cultures occur in less than 
50% of the cases. It is important to consider obtaining tissue for histopathology and 
culture or using novel non-culture diagnostics. Histology typically shows fungal 
elements including pseudohyphae, hyphae and yeast within the dermis or blood ves-
sels [34]. An echinocandin such as micafungin is recommended as empiric treat-
ment in most patients [31] (Fig. 6).

 Fusarium

Skin manifestations occur in up to 70% of patients with Fusariosis and can present 
as a localized or disseminated infection [36]. Neutropenic patients with hemato-
logic malignancies are at high risk for these mold infections [37]. An important 
clinical presentation of localized fusarium infection in the neutropenic population is 
fungal paronychia, which presents as erythema and swelling of the periungal skin 
[30]. Fungal paronychia should be suspected in neutropenic patients who have 
underlying onychomycosis, develop an eschar, and do not improve on systemic 
antibiotics [30]. Infection may be preceded by minor trauma [38]. Local infections 

Fig. 6 Scattered papules 
of the back in a patient 
with disseminated Candida 
tropicalis in the setting of 
acute myelogenous 
leukemia and neutropenia
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can lead to fungemia and disseminated infection. Disseminated Fusarium infection 
typically presents as multiple erythematous papules or nodules, which can develop 
central necrosis or targetoid appearance. They often present at different stages of 
evolution and are widely distributed on the trunk and extremities [36].

Skin biopsy with histopathology and culture are helpful in securing a diagnosis. 
Histology will show ballooning branching septated hyphae, which can invade capil-
laries and blood vessels [39]. Skin lesions may appear before systemic symptoms 
develop or blood cultures become positive [30]. Unlike other disseminated mold 
infections, blood cultures are often positive in disseminated Fusariosis and should 
be collected when Fusarium is suspected [37]. Empiric treatment with liposomal 
amphotericin B is recommended [40]. More details about therapy please refer to the 
chapter titled fungal infections (Figs. 7, 8, and 9).

 Aspergillus

Although aspergillus is one of the most common etiologies of invasive fungal infec-
tions in patients with underlying malignancies, dermatologic manifestations occurs 
in less than 5% of cases [41, 42]. Cutaneous involvement can present as a localized 
infection by direct skin inoculation or via hematogenous dissemination. Blood cul-
tures are typically negative in disseminated infection therefore it is recommended to 
obtain tissue biopsy with culture and histopathology. Skin manifestations are similar 
to Fusarium infections. Primary or localized lesions can present as cellulitis with 
focal erythema and swelling that can progress leading to the formation of bullae, 
necrotic ulcers and eschars. Invasive fungal sinusitis secondary to Aspergillus sp. can 
also extend to the skin leading to facial cellulitis; this is covered in further detail in 
the chapter about fungal infections. Disseminated infection typically presents as scat-
tered erythematous papules or nodules [30, 41]. Histology will show septated narrow 
hyphae with 45° branching and club-shaped pseudohyphae [43]. Treatment with 

Fig. 7 Paronychia and 
cellulitis secondary to 
Fusarium sp. in a patient 
with acute myelogenous 
leukemia and prolonged 
neutropenia
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triazoles such as voriconazole is the preferred anti-fungal unless there is a contraindi-
cation to this class and then liposomal amphotericin B would be recommended [44].

 Mucormycosis

The most common Zygomycetes to cause clinical disease are Rhizopus, Mucor, 
Rhizomucor, Lichtheimia, and Cunninghamella spp. [45]. In patients with underly-
ing malignancy, the primary site of mucormycosis is cutaneous in 12% of cases 

Fig. 9 Necrotic eschar 
with surrounding petechial 
erythema secondary to 
localized Fusarium 
infection in a patient with 
underlying B-cell 
lymphoma

Fig. 8 Erythematous 
nodules with surrounding 
erythema in a patient with 
acute myelogenous 
leukemia and disseminated 
Fusarium
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[46]. Unlike other fungal infections, cutaneous mucormycosis most often occurs by 
direct inoculation rather than dissemination. Skin lesions may begin as a small ery-
thematous macule but typically develop a black necrotic eschar with surrounding 
erythema and swelling. If there is concern for disseminated disease it is important 
to look for metastatic skin lesions [47]. Patients with rhinocerebral mucormycosis 
may present with orbital or facial cellulitis with a classic black necrotic eschar [45]. 
Obtaining tissue histopathology with culture is essential for diagnosis. Histologic 
examination will show broad non septate hyphae branching at 90° [43]. There may 
be vascular invasion leading to thrombosis and infarction [47]. Liposomal ampho-
tericin B is treatment of choice [48].

 Other Fungi

There are several other fungal infections that are less common but also important to 
consider in the evaluation of a cancer patient with a rash. Geographic location and 
previous travel can increase risk for endemic fungal infections.

Histoplasmosis is endemic in the Ohio River valley and parts of Central America. 
Cutaneous lesions typically present in cases of disseminated disease and often 
mimic other dermatologic infections due its’ ability to manifest with many skin 
findings including papules, plaques, nodules, ulcers or pustules. Histopathology 
typically shows granulomas with lymphohistiocytic infiltrates and yeast within or 
outside macrophages [49].

Blastomycosis can be found in the Ohio and Mississippi river valleys and in the 
southeastern United States [50]. Skin lesions begin as an erythematous papule and 
evolve into a scaling or vegetative plaque. Histopathology may show pseudoepithe-
liomatous hyperplasia with neutrophilic abscesses or noncaseating granulomas. 
Tissue culture will reveal a thick-walled yeast with broad-based budding [51, 52].

Coccidiomycosis is found in the southwestern United States and can present 
with cutaneous findings when dissemination or reactivation occurs. Like histoplas-
mosis, disseminated coccidomycosis can present in many cutaneous forms includ-
ing papules, plaques, nodules and ulcers. Histopathologic examination can show 
granulomatous or suppurative inflammation with numerous eosinophils. 
Coccidiomycosis can also result in reactive skin eruptions such as erythema nodo-
sum, sweet’s syndrome, interstitial granulomatous dermatitis, and exanthems. These 
presentations typically occur in the setting of pulmonary coccidiomycosis. 
Histopathology for reactive eruptions is variable depending on the skin manifesta-
tion and will have sterile tissue culture [53].

Cryptococcus spp. are encapsulated yeast, which are ubiquitous in the environ-
ment, often being found in the soil and pigeon droppings. These infections are com-
monly reported in the HIV population however they can occur in other 
immunocompromising conditions including malignancies. Like many other cutane-
ous fungal infections, skin lesions are polymorphous. Cutaneous findings can repre-
sent primary infection but most often occur in the setting of disseminated disease. 
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Therefore it is important to look for other organ involvement when cutaneous cryp-
tococcal infection is diagnosed [54]. Obtaining histopathology with tissue culture is 
essential for diagnosis, using stains such as mucicarmine and alcian blue to identify 
the capsule [55].

 Non Infectious Differential

Although it is always important to consider infectious dermatologic etiologies in 
cancer patients who present with a rash, there are also several non-infectious skin 
diseases that are important to recognize. Cancers themselves can cause unique 
skin pathology however there are also paraneoplastic and inflammatory skin dis-
orders that can occur secondary to malignancies. Obtaining a thorough history 
and review of medications can assist with determining the diagnosis but skin 
biopsy is usually necessary given many diseases have similar findings on clinical 
examination.

 Leukemia cutis

Leukemia cutis (LC) is an extra-medullary presentation of leukemia which is due to 
the invasion of malignant cells into the skin [56]. LC is most commonly associated 
with AML but can also occur with other underlying myeloid disorders and rarely 
presents without bone marrow involvement. Typical skin findings are erythematous 
or violaceous papules, nodules or plaques. The lesions have also been described as 
rubbery or shiny and may present with bullae [57, 58]. They can be pruritic but are 
usually not painful. Skin biopsy with immunohistochemical analysis is essential for 
diagnosis [59]. Histopathology will show leukemic cells, typically myeloblasts, 
invading the dermis. Prognosis is typically poor and may represent progression of 
underlying malignancy [58] (Fig. 10).

Fig. 10 Skin examination 
shows a tense bullae with 
surrounding erythema. 
Histopathology revealed 
leukemia cutis in the 
setting of AML
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 Sweet’s syndrome (Acute Febrile Neutrophilic Dermatosis)

Sweet’s syndrome (SS) is characterized by the development of fever, a painful rash, 
and leukocytosis [58]. SS can occur in the presence of an underlying malignancy 
such as AML, CML, MDS or myelofibrosis. It is also known to be drug-induced and 
can occur secondary to infections, classically it is described after an upper respira-
tory tract infection [60]. The skin lesions are often erythematous or violaceous pap-
ules, nodules or plaques which are tender. Vesicles or bullae can develop due to 
edema of the upper dermis [60]. A unique finding in SS is pathergy. Cutaneous 
findings may appear after trauma including venipuncture or biopsy [61]. 
Histopathology shows neutrophilic infiltrates of the dermal papillae without evi-
dence of leukoclastic vasculitis. Unlike leukemia cutis, the neutrophils that infiltrate 
the dermis are typically mature [60, 62]. When considering SS it is important to rule 
out an underlying infection; an important differential diagnosis is pyoderma gan-
grenosum. Treatment of the underlying malignancy is necessary but steroids can 
also be utilized [63] (Fig. 11).

 Pyoderma Gangrenosum

Pyoderma gangrenosum is an ulcerative neutrophilic dermatosis. PG is associated 
with many inflammatory and autoimmune conditions including both hematologic 
malignancies and solid tumors [64]. It is typically a diagnosis of exclusion but is 
characterized by a rapidly developing, painful ulceration with undermined borders. 
Like Sweet’s Syndrome it may exhibit pathergy [65]. The base of the ulcer is typi-
cally necrotic with a surrounding erythematous or violaceous halo [66]. The bullous 
subtype is characterized by bullae formation preceding the ulceration and is com-
monly associated with hematologic malignancies [58]. Skin biopsy from the border 

Fig. 11 Erythematous and 
edematous plaque of the 
hand with large bullae of 
the forearm. There are 
several annular 
erythematous lesions of the 
proximal arm. The two 
round hyperpigmented 
lesions of the dorsum of 
the hand represent punch 
biopsy sites. 
Histopathology revealed 
sweet’s syndrome in the 
setting of MDS
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of the ulcer should be obtained although it is difficult to diagnose PG based on 
pathology due to changing histology with the evolution of the ulcer. Examination 
may reveal dense neutrophilic infiltrates with leukoclastic vasculitis or necrosis 
[67]. Treatment with steroids usually results in rapid improvement [66].

 Vasculitis

Paraneoplastic vasculitis is most commonly associated with MDS and other hema-
tologic malignancies [68]. It is characterized by non-blanchable palpable purpura 
which may be painful or pruritic [58, 69]. Biopsy is essential for diagnosis and will 
show necrotizing leukocytoclastic vasculitis with fibrinoid necrosis and neutrophil 
infiltration of the vessel wall [70]. The presentation of vasculitis may precede the 
diagnosis of cancer but can also present at all stages of disease [68]. Treatment of 
the underlying malignancy can result in resolution of the vasculitis [58].

 Medication Reactions

Many medications that patients have exposure to during the treatment of malignan-
cies can lead to rashes and skin pathology. It is important to monitor for allergic drug 
rashes which usually resolve with discontinuation of the inciting medication. Steven-
Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN) are both drug reac-
tions that have a high mortality rate due to epidermal sloughing. SJS and TEN may 
begin with a prodrome which includes high fever. Skin findings may begin with 
erythematous macules or targetoid lesions progressing to the development of bullae 
and erosions [71]. Nikolsky sign is often positive. Many patients will also have 
mucosal involvement [72]. The two conditions are distinguished from each other 
based on body surface involvement; SJS involves <10% and TEN involves >30% 
with an overlap of disease characterization between 10–30% [71]. Many drugs have 
been linked to the development of SJS or TEN, particularly antibiotics. Sulfonamide 
antibiotics are most commonly associated with SJS or TEN however all antibiotics 
should be considered as an etiology [71, 73] (Figs. 12 and 13).

Toxic erythema of chemotherapy is a nonallergic reaction that is caused by many 
chemotherapeutic agents. Toxic erythema of chemotherapy presents with painful 
erythema and edema which can be present on the hands and feet or intertriginous 
areas. It is most commonly associated with methotrexate, cytarabine, anthracy-
clines, 5-fluorouracil, and taxanes [58]. Multikinase inhibitors such as sorafenib can 
cause a hand-foot-skin reaction which is characterized by painful hyperkeratotic 
plaques which develop in areas of friction such as the fingertips and joints [58, 74]. 
Tyrosine kinase inhibitors including imatinib or dasatinib are also commonly asso-
ciated with cutaneous reactions which can include a maculopapular rash and facial 
edema [58, 75].
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 Key Points

Rash description Pathogen

Cellulitis Staphylococcus, Streptococcus including Streptococcus Pneumonia, 
Bacillus, Clostridium, Corynebacterium JK, Pseudomonas, E.coli, Serratia, 
Stenotrophomonas, Aeromonas, Chromobacterium.
Aspergillus, Fusarium, Candidiasis, Mucormycosis.
Non Tuberculous Mycobacteria.

Fig. 12 Cutaneous 
examination showing 
erythematous macules with 
areas of central ulceration 
consistent with Stevens- 
Johnson Syndrome in a 
patient with a history of 
Burkitt’s Lymphoma 
receiving vancomycin

Fig. 13 The above patient 
in Fig. 12 developed 
numerous bullae with areas 
of erosions and sloughing 
leading to denuded skin 
consistent with the 
diagnosis of Stevens- 
Johnson Syndrome

(continued)
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Rash description Pathogen

Pustules Staphylococcus aureus, Bacillus, Corynebacterium, Gram negative bacteria 
(mainly Ecoli, Citrobacter, chromobacterium).
Mycobacteria.
Candidiasis, Histoplasmosis, Aspergillosis, Fusarium.
HSV/HZV.

Necrotic Lesion Pseudomonas, other Gram negative bacilli (mainly E coli, 
Stenotrophomonas, Citrobacter), Bacillus, Clostridium, Corynebacterium.
Aspergillus, Candidiasis, Mucormycosis, Fusarium.
HSV/HZV/CMV.

Subcutaneous 
nodules

Staphylococcus aureus, Corynebacterium JK, Pseudomonas, E coli, 
Stenotrophomonas.
Mycobacteria.
Aspergillosis, Fusarium. Candidiasis, Coccidiomycosis, Cryptococcus, 
Histoplasmosis.

Ulcers Pseudomonas, other Gram negative bacilli (including but not limited to E 
coli, Serratia, Stenotrophomonas, Citrobacter, Chromobacterium), Bacillus.
Mycobacteria.
Aspergillosis, Candidiasis, Mucormycosis, Coccidiomycosis, 
Histoplasmosis.
HSV/HZV/CMV

Vesicle or Bullae Bacillus cereus, Clostridium, Staphylococcus, Pseudomonas, other gram 
negative bacilli (Klebsiella, E. coli, Aeromonas, Enterobacter, 
Stenotrophomonas).
Aspergillus, Fusarium.
HSV/HZV.
Mycobactrium tuberculosis.

Ecthyma 
gangrenosum

Pseudomonas, E coli, Klebsiella, Morganella, Aeromonas, Serratia, Vibrio, 
Citrobacter, Stenotrophomonas.
Aspergillus, Candidiasis, Mucormycosis, Fusarium [3]

Acral 
Hemorrhagic 
Bullae

Clostridium, Streptococcus, Bacillus, Pseudomonas, Citrobacter, 
Enterobacter, E coli, Klebseilla, Morganella.
Aspergillus, Fusarium [3]
HSV/HZV [3]
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Abstract Neutropenic patients are predisposed to polymicrobial infections that 
may cause substantial morbidity and mortality. Neutropenia is defined as a neutro-
phil count of <500 cells/mm3, or a count of <1000 cells/mm3 with a predicted 
decrease to <500 cells/mm3. Many factors play a role in the development of bacte-
remia such as the use of cytotoxic chemotherapy that leads to neutropenia, and also 
contributes to the disruption of skin and mucosal barriers. Moreover, exposure to 
pathogens is possible due to the frequent utilization of foley catheters and venous 
catheters in patients with cancer (Rolston et  al., Clin Infect Dis 45(2):228–233, 
2007). Lastly, the use of prophylactic antibiotics can lead to breakthrough MDR 
bacteria limiting antimicrobial options for therapy (Rolston et al., Clin Infect Dis 
45(2):228–233, 2007; Perez et al., Clin Infect Dis 59(Suppl 5):S335–S339, 2014).

Both gram-negative and gram-positive organisms are culpable for infection in 
these immunocompromised patients. Although gram-negative bacteremia is still a 
leading cause in most recent years, infections by gram-positive bacteria have 
increased. This could be secondary to the wide use of long-term vascular catheters 
(Holland et al., Clin Infect Dis 59(Suppl 5):S331–S334, 2014; Baskaran et al., Int J 
Infect Dis: IJID: Off Publ Int Soc Infect Dis 11(6):513–517, 2007).

The most common microorganisms that cause bacteremia in neutropenic patients 
are the Enterobacteracie group, Pseudomonas aeruginosa, Staphylococcus aureus, 
Coagulase negative Staphylococci, and streptococcus species. In addition, other 
species will be discussed in this chapter (Rolston et al., Clin Infect Dis 45(2):228–
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233, 2007; Baskaran et  al., Int J Infect Dis: IJID: Off Publ Int Soc Infect Dis 
11(6):513–517, 2007; Yadegarynia et al., Caspian J Int Med 4(3):698–701, 2013).

Less common bacteria including nocardia and mycobacterium spp will not be 
discussed in this chapter.

Keywords Viridans Group Streptococci (VGS) · Toxic shock-like syndrome · 
Stenotrophomona Maltophilia · VRE colonization · C. jeikeium · Rothia mucilagi-
nosa · Fusobacterium necrophorum · F. nucleatum · Carbapenemase-producing 
Klebsiella pneumoniae (KPC) · Pseudomonas aeruginosa · MRSA · Multidrug 
resistant (MDR)

 Gram Positive Organisms

Gram positive bacteria have been an important cause of bacteremia in neutropenic 
patients. Many studies have concluded that this rate is only increasing exponentially 
over the years. One study from the International Antimicrobial Therapy Cooperative 
Group of the European Organization for Research and Treatment of Cancer docu-
mented that almost 30% of single microorganism isolates recovered during mid 
1970’s were Gram positive bacteria, compared with 67% of such organisms isolated 
during the early 1990’s [1]. Among the most common organisms are Staphylococcus 
aureus, coagulase negative Staphylococcus and streptococcus species. A very 
important cause of bacteremia in patients with neutropenia and cancer is Viridans 
group streptococci (VGS), originating from the normal flora in humans [1].

 Viridans Group Streptoccoci (VGS)

In most recent years, the isolation of VGS from the blood of neutropenic patients 
with cancer has increased. Streptococcus mitis has been the most common pathogen 
in these cases. VGS are part of the oral cavity flora. They are also found on the skin, 
female genital tract, upper respiratory tract and the gastrointestinal tract. In normal 
conditions this organism has low morbidity, but they cause serious infection when 
the oral mucosa or other sites are compromised along with a deficient host defense 
such as in a patient with neutropenia and cancer.

In neutropenic patients, this organism can cause very high fevers for several days 
in spite of proper antibiotics. In addition, it has been associated with toxic shock 
like syndrome and ARDS as discussed below.

Severe neutropenia is an important factor for VGS bacteremia. Other risk factors 
include bone marrow transplantation and mucositis [2].

Chemotherapy induced gastric ulcers may allow streptococci to grow in an envi-
ronment with low acid protection due to the administration of agents such as proton 
pump inhibitors, histamine 2 blockers and antacids [1].
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Chemotherapeutic agents predispose the patients to immunosupression. Cytosine 
arabinoside, which is an antimetabolic agent used in the treatment of acute myeloid 
leukemia, acute lymphocytic leukemia and lymphomas, at high doses has been 
implicated as a risk factor for bacteremia with VGS. Certain antimicrobial agents 
may predispose to bacteremia with VGS. Oral prophylaxis with either sulfamethox-
azole trimethoprin or fluoroquinolones has been highly associated with VGS due to 
the resistance of this bacteria to these agents [3, 4].

 Viridans Streptococci Toxic Shock-like Syndrome and ARDS

In approximately 21–25% of children post- bone marrow transplant, a toxic shock- 
like syndrome has been reported with VGS bacteremia. The usual organism isolated 
is S. mitis. This syndrome is very rare in patients without neutropenia and presents 
with hypotension, palmar desquamation, respiratory distress syndrome, rash, fever, 
and confusion, which can rapidly progress to coma, multiple organ failure and 
death. This syndrome usually occurs within 2 or 3  days after presentation. The 
symptoms may worsen and produce respiratory symptoms within 48 h. This com-
plication is believed to be immunologically mediated [5].

ARDS presents with hypoxia and shortness of breath. Cough and fever are often 
present. Tachycardia and tachypnea are common features and may be the initial 
symptoms. Occasionally, patients may experience pleuritic pain followed by 
hypoxia and respiratory failure [6].

Resistance of VGS against many antibiotics has been increasingly recognized. In 
early studies, it was concluded that this pathogen was susceptible to penicillin, how-
ever, some studies have described intermediate and high-level penicillin resistance. 
Resistances against second generation cephalosporins, such as Cefuroxime and 
third generation cephalosporins like Ceftriaxone have also been described [1].

Due to its high efficacy and low resistance, Vancomycin is routinely given in 
addition to various β-lactam agents (cefepime, ceftriaxone, piperacillin tazobactam 
or carbapenem) as part of  the initial empirical antimicrobial regimens for neutrope-
nic patients with VGS bacteremia [1] (Table 1). Once susceptibilities results are 
available, vancomycin can be discontinued if indicated.

If hypoxia is present, corticostisteroids should be given to prevent the develop-
ment of ARDS and respiratory failure [5].

The mortality rate due to VGS bacteremia in spite of appropriate antibiotics can 
fluctuate from 0 to 20% but can increase up to 60–100%if toxic shock like syn-
drome develops [1].

 Staphylococcus aureus

S. aureus is a major cause of infection in neutropenic patients with cancer. Although 
S. aureus is most commonly implicated in soft tissue infections and pneumonia, it 
is responsible for almost 15% of bacteremia cases [7].
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The presence of pneumonia and bacteremia results in a mortality rate for up to 
50% which is higher than that observed in patients without cancer.

Treatment of S. aureus bacteremia in neutropenic patients does not differ from 
the non-neutropenic. Early removal of the central venous catheter (CVC) and pro-
longed intravenous antibiotic therapy for several weeks is recommended especially 
for complicated endovascular infections and persistent bacteremias [8, 9].

Initial empiric treatment should include vancomycin until methicillin resistant 
Staphylococcus aureus (MRSA) is excluded. If methicillin sensitive Staphylococcus 
is isolated, vancomycin can be de-escalated to a beta-lactam agent such as nafcillin, 
oxacillin, or cefazolin (Table 1).

Echocardiogram is recommended for all the patients with S. aureus bacteremia 
to rule out endocarditis [10, 11].

 Enterococci

Enterococci spp are low virulence organisms; however, they represent a major cause 
of bacteremia in the cancer population. E. faecalis and E. faecium are the most com-
mon species of enterococcus bacteremia in cancer patients. Risk factors for bactere-
mia include nosocomial infection, prior antibiotic exposure including levofloxacin, 
prolonged neutropenia, and stem cell transplantation [12, 13].

Enterococci faecium susceptibilities to B-Lactam antibiotics varies, and vanco-
mycin resistance is increasing [14].

The mechanism of resistance of Vancomycin-resistant enterococci (VRE) is due 
to the change in the bacterial cell wall decreasing the affinity of vancomycin to its 

Table 1 Gram positive organisms bacteremia

Gram positive cocci Therapy
Viridans Strepotococci Ceftriaxone, cefepime, piperacillin tazobactam, or carbapenem 

plus vancomycin until susceptibilities are available
Methicillin sensitive 
Staphylococcus aureus

Nafcillin, oxacillin or cefazolin

Methicillin resistant 
Staphylococcus aureus

Vancomycin or daptomycin

Vancomycin sensitive 
Enterococci

Ampicillin, piperacillin or vancomycin

Vancomycin resistant 
Enterococci

Daptomycin, or linezolid

Rothia mucilaginosa 
(coco-bacilli)

Vancomycin until susceptibilities are available, then may 
de-escalate to beta-lactam depending on susceptibilities

Gram positive rods Therapy
Corynebacterium species Vancomycin
Lactobacillus Penicillin, ampicillin, piperacillin, or clindamycin
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site of action. VRE species more commonly encode the VanA and the VanB geno-
types followed by the VanD and the VanC genotypes [15].

Colonization of VRE in the stool of neutropenic patients, represent high risk of 
subsequent VRE bacteremia [13, 16].

The treatment of choice for enterococcus bacteremia includes penicillin type of 
antibiotics such as ampicillin or piperacillin provided that the organism is sensitive. 
Vancomycin is also an option for penicillin allergic patients (Table 1). Compared 
with other streptococcus species, enterococcus are more resistant to killing by 
monotherapy with the above antibiotics. Combination therapy including aminogly-
cosides or double beta lactam including ceftriaxone is usually recommended for 
endocarditis. Data on combination therapy for uncomplicated enterococcus bactere-
mia are scarce.

Daptomycin and linezolid are the most widely used antibiotics for VRE faecium 
or VRE fecalis bacteremia [15] (Table 1).

In vitro studies have revealed synergy when using daptomycin in combination 
with ampicillin or ceftaroline for complicated and persistent VRE bacteremia [17].

 Corynebacterium

Corynebacterium are aerobic, gram positive, catalase-positive, nonsporulating, non-
motile rods. There are many subtypes of Corynebacterium, such as C. diptheriae 
and nondiptherial, like Corynebaterium striatum, Corynebacterium amycolatum, 
Corynebacterium minutissimum, Corynebacterium xerosis, Corynebacterium 
freneyi and Corynebacterium jeikeium. They were thought to be contaminants as 
they are present in the normal flora, but recent studies have shown that they are 
opportunistic pathogens in immunocompromised hosts with cancer and hemato-
logic malignancies. In this section, we will review the Corynebactrerium species 
most relevant in neutropenic patients.

 Corynebacterium striatum

Corynebacterium striatum colonize the skin and mucous membranes of humans. 
They are also found in the environment. C. striatum has rarely been reported to be 
a pathogen, causing pulmonary infections and bacteremia only in immunocompro-
mised patients. Infections are also associated with implanted indwelling devices. 
Thrombophlebitis associated with central venous catheters has been reported. The 
majority of C. Striatum infections are nosocomial wound infections and less often, 
systemic infections.

All strains of C. striatum are resistant to penicillin, but are susceptible to other 
beta lactam antibiotics and to vancomycin. For serious infections vancomycin is the 
drug of choice [18, 19] (Table 1).
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 Corynebacterium jeikeium

C. jeikeium is only pathogenic for humans. It is found in soil and water and is part 
of normal human skin flora. The colonization rate increases with hospitalization. C. 
jeikeium is the most common cause of diphtheroid endocarditis of prosthetic valves.

C. jeikeium infections may present with skin and soft tissue lesions in patients 
who are granulocytopenic. Lesions are usually at local infection sites of previous 
bone marrow biopsy, intravascular catheter insertion, or perianal fissures. The 
lesions usually precede septicemia and are designated as the primary source of 
infection [20, 21].

Corynebacterium jeikeium is highly resistant to beta-lactam agents, aminoglyco-
sides, and quinolones. Vancomycin is the most active antibiotic (Table 1). High level 
daptomycin resistance is rare with one case report of bacteremia reported [22].

In general, removal of the CVC is recommended in order to clear the bacteremia. 
Removal of involved prosthetic device is usually required for cure [22].

 Rothia mucilaginosa

Rothia mucilaginosa (previously known Stomatococcus mucilaginosus) is an aero-
bic or facultative anaerobic gram positive cocco bacilli. Rothia spp are part of the 
oropharynx flora and can be associated with periodontal disease. Risk factors for 
invasive disease include profound neutropenia, alcoholism, liver disease and HIV 
infection. Clinical syndromes include bacteremia, endocarditis, meningitis, pneu-
monia, and infections of the bone and soft tissues [23].

Previous studies have demonstrated that Rothia spp are susceptible to most beta 
lactam agents, however species with partial resistance to penicillin and methicillin 
have been recently described. Given concerns for beta lactam resistace, vancomycin 
is the ideal empiric therapy for Rothia mucilaginosa bacteremia until susceptibili-
ties are available [23] (Table 1).

 Lactobacillus

Lactobacilli are gram positive microareophilic organisms that are part of the normal 
oral, gastrointestinal and genitourinary flora. Bacteremia is rare, but the most com-
mon species associated with this entity are Lactobacillus casei and Lactobacillus 
rhamnosus. Clinical manifestations of Lactobacillus bacteremia can range from 
asymptomatic to fever, leukocytosis and rigors or severe septicemia and may be 
combined with pneumonia, deep abdominal abscesses or endocarditis. Some 
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findings also include elevated c  – reactive protein values. The infection may be 
underdiagnosed, because lactobacilli are difficult to culture and to identify and are 
often confused as contaminants. L. rhamnosus cause more severe infections with a 
higher inflammatory response.

Risk factors include persistent prolonged neutropenia, use of broad-spectrum 
antibotics, especially vancomycin (which results in the persistence of vancomy-
cin resitant GI flora), corticosteroids and a history of organ transplantation and other 
immunosuppressive conditions [24].

The treatment of choice for Lactobacillus bacteremia include penicillin, ampicil-
lin and piperacillin. Clindamycin is also an active agent (Table 1). Susceptibilities 
to cephalosporins varies. Combination therapy with penicillin and aminoglycosides 
may be required for complicated infections. Lactobacillus are uniformly resistant to 
vancomycin [25].

 Anaerobic Bacteremia

Information on anaerobic bacteremia in cancer patients is very limited since it only 
represents about 5–9% of all episodes of bacteremia in hospitalized patients. 
Anaerobic bacteremia may be undetected due to subtle clinical symptoms. 
Chemotherapy causes mucosal and visceral damage thus increasing the risk of bac-
teremia related to endogenous anaerobes.

Gastrointestinal and hematological malignancies are the most common underly-
ing diseases, female genital tract malignancies are also important to note. Most 
cases of anaerobic bacteremia are caused by Bacteroides fragilis, Clostridium per-
fringens and Peptostreptococcus spp. Other less common pathogens, but still impor-
tant in neutropenic patients is Fusobacterium spp. [26, 27].

Empirical antimicrobial therapy should be started as soon as the infection is sus-
pected. Prompt and adequate therapy is associated with increased survival. In gen-
eral aminopenicilins, with or without B-lactamase inhibitors, Carbapenems, 
Clindamycin and Metronidazole are active against anaerobic isolates with some 
spectrum difference depending on the species isolated [28].

 Fusobacterium necrophorum

Fusobacterium necrophorum represents less than 1% of bacteremias in humans. 
Only a few hundred cases have been reported in the literature. F. Necrophorum is 
associated with severe septicemia also known as necrobacillosis, postanginal sepsis 
or Lemierre’s syndrome.
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 Lemierre’s Syndrome

Lemierre’s syndrome is a very serious complication of pharyngeal infection due to 
F. necrophorum. It usually occurs a few days after the onset of a sore throat.

A more concise definition for Lemierre’s syndrome is the presence of a history 
of angina illness or similar clinical findings, followed by internal jugular vein 
thrombophlebitis which propagates from the tonsillar veins to the internal jugular 
vein causing septicemia. This causes septic emboli including necrotic abscesses the 
lungs and other sites such as bones, liver and joints. Isolation of F. necrophorum 
from blood culture or any other sterile site is a good indicator for diagnosis, but it is 
not found in all cases of this disease. It is not clear whether it is due to external fac-
tors such as timing of sampling, prior antibiotic therapy or the association of this 
disease with other organisms such as Peptostreptococcus.

The diagnosis of Lemierre’s syndrome is clinical. Although this is a very rare 
disease, its peculiar symptoms should prompt clinical suspicion. The onset of rigors 
4–12 days after the resolution of the sore throat is classic. The occurrence of chills 
indicate that the organisms are present in the circulation. Patients may complain of 
neck pain and tenderness. Anterior cervical lymphadenopathy is often present. 
Edema at the angle of the jaw, reflecting the development of internal jugular throm-
bophlebitis may be mistaken for tender cervical nodes [29, 30].

 Fusobacterium nucleatum

This Gram-negative bacilli is commonly found in the gastrointestinal, oropharyn-
geal and respiratory tracts. It is a common cause of periodontal infection. The most 
common source of bacteremia associated with F. nucleatum comes from an oropha-
ryngeal source of infection [31].

Certain risk factors overlap amongst patients with F. nucleatum and F. necropho-
rum. The most common types of malignancy associated with bacteremia include 
lymphoma and acute leukemia. Treatment with intensive chemotherapy, corticoste-
roids and bone marrow transplantation also increases the risk for bacteremia. Severe 
oral mucositis caused by chemotherapy is also an important risk factor as it can 
serve as a portal of entry for a systemic infection and the propagation of a polymi-
crobial infection with other pathogens, such as Staphylococcus and E. coli. Pro-
phylactic treatment with macrolides, especially erythromycin is an important risk 
factor for F. necrophorum infection due to its high resistance [32].

Penicillin, piperacillin-tazobactam, carbapenems, clindamycin and metronida-
zole are all active against F. nucleatum F. necrophorum. [33] (Table 2)

Table 2 Anaerobes bacteremia

Organism Therapy

Fusobacterium 
species

Ampicillin sulbactam, piperacillin-tazobactam, carbapenems, 
metronidazole, clindamycin
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 Gram-Negative Rods

Gram negative bacilli are a very common cause of bacteremia in neutropenic 
patients. The most common gram-negative rods causing bacteremia are Escherichia 
coli, Klebsiella spp. and Pseudomona aeruginosa. Before the introduction of the 
antibiotic era, mortality rates in neutropenic patients with leukemia and Gram- 
negative infections were as high as 91%. In general, Gram-negative bacteria are 
reported as MDR if not susceptible to at least 3 of the following antimicrobials: 
Antipseudomonal penicillins, cephalosporins, carbapenems, aminoglycosides or 
fluorquinolones [34].

In this chapter, we will discuss the most common gram negative organisms that 
cause bacteremia in neutropenic patients.

 Escherichia coli

Escherichia coli is of great concern in immunocompromised patients. There has 
been an emergence of a resistant E. coli sequence type ST131. This type of E. coli 
produces extended-spectrum β-lactamases, and almost all are resistant to fluoroqui-
nolones. Data suggests that this strains of E. coli may be the main explanation for 
the recent increase in antimicrobial resistance. Serious extra-intestinal infections 
with this Multi Drug Resistant E. coli ST131 often leave physicians with limited 
treatment options, higher costs, and increased usage of last resort antimicrobials, 
such as carbapenems. E. coli is a major pathogen and one of the most common 
cause of gram negative bacteremia resulting in extended hospital stays. E. coli, like 
many Gram-negative pathogens can cause septic shock with a fatal outcome.

The most common risk factors for E. coli bacteremia are solid tumors of the 
gastrointestinal tract, previous chemotherapy, prior surgery within 10 days and vas-
cular catheter insertion [35–37].

The treatment of choice for E coli bacteremia include piperacillin tazobactam, 
cephalosporins, and carbapenems. Combination with aminoglycosides until suscep-
tibilities are available may be required depending on prior cultures, recent use of 
antibiotics or local susceptibility data (Table 3).

 Klebsiella pneumoniae

Some strains of Klebsiella pneumonia are part of the gastrointestinal flora. When 
the mucosal barrier of the gastrointestinal tract is disrupted, this bacteria can gain 
access to the blood stream causing serious blood stream infections. Profound neu-
tropenia especially with chemotherapy treatment within 1 month represent a sub-
stantial risk for bacteremia [38].
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Carbapenemase-producing Klebsiella pneumoniae (KPC) has been identified as 
an important strain causing nosocomial bacteremia in patients with hematologic 
malignancies and aplastic anemia [39].

Mortality rates for Klebisella bacteremia is higher when the initial empiric treat-
ment is inadequate [40]. Age plays an important role where newborns and elderly 
are primarily susceptible.

The treatment of choice for klebsiella bacteremia include piperacillin tazobac-
tam, cephalosporins, and carbapenems. Aminoglycosides in combination with the 
one of the above also can be used for initial empiric therapy pending susceptibilities 
(Table 3).

Carbapenems are preferable to piperacillin/tazobactam or cephalosporins when 
a critically ill patient is in need of empirical therapy especially when there is con-
cern for resistance. Patients who receive a carbapenem as monotherapy or combina-
tion therapy during the first days after a blood culture is positive for an extended 
spectrum beta-lacatamse (ESBL) producing K. pneumoniae, had a significantly 
lower mortality than those who received non-carbapenem antibiotics [40].

 Pseudomonas aeruginosa

Pseudomonas aeruginosa infections in neutropenic cancer patients have decreased 
after the implementation of antibiotics with-anti-pseudomonal activity; however, 
they are still one of the most common gram-negative bacterial species associated in 
neutropenic patients.

Mortality due to this pathogen is reported to be about 20% and this number can 
increase in patients receiving inappropriate antibacterial treatment. Polymicrobial 
infection is associated with a worse prognosis.

Patients with Pseudomonas bacteremia treated with combination empirical anti-
microbial therapy prior to the result susceptibility testing are available have a better 
30-day survival compared to monotherapy. However, combination antimicrobial 
therapy given as definitive treatment for P. aeruginosa bacteremia does not improve 
the rate of survival compared to appropriate definitive monotherapy. A potential 

Table 3 gram negative rods bacteremia

Organism Therapy

Echerichia coli Piperacillin tazobactam, cephalosporins, or carbapenems. May use 
combination with aminoglycosides until susceptibilities are available

Klebsiella 
pneumoniae

Piperacillin tazobactam, cephalosporins, or carbapenems. May use 
combination with aminoglycosides until susceptibilities are available

Pseudomonas 
aeruginosa

Piperacillin tazobactam, cefepime, ceftazidime, meropenem, imipenem, 
doripenem depending on susceptibilities. May use combination with 
aminoglycosides until susceptibilities are available

Stenotrophomona 
Maltophila

Sulfamethoxazole-Trimethoprin, minocycline, moxifloxacin
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advantage of initial empiric combination antimicrobial therapy over monotherapy is 
the higher probability that the infecting pathogen will be covered by at least one of 
the components of the regimen until susceptibly data is available. Furthermore, dif-
ferent mechanisms of action between two antibiotics may be synergistic, resulting 
in enhanced bacterial kill activity compared to the additive activities of the antibiot-
ics when assessed separately. Finally, use of combination therapy may suppress 
emergence of resistant subpopulations of bacteria.

Treatment of pseudomonas bacteremia include piperacillin tazobactam, 
cefepime, cefazidime, meropenem, imipenem, or doripenem. Aminoglycoside com-
bination therapy may be helpful to broaden the antimicrobial coverage for MDR 
strains and consequently improve the outcomes of patients with P. aeruginosa bac-
teremia. Once more information is obtained from the cultures, a targeted antimicro-
bial agent based on the antibiotic susceptibility results may be pursued [41–44] 
(Table 3).

For more resistant strains of pseudomonas, ceftolozane-tazobactam can be an 
option [45].

 Stenotrophomona Maltophilia

Stenotrophomona Maltophilia is rarely responsible for community-acquired serious 
infections. Rather, it is usually a commensal, a colonizer, or part of the endogenous 
flora of hospitalized patients. It has been increasingly reported as a cause of life- 
threatening infections, especially in the immunocompromised, such as those with 
hematological malignancy and in recipients of hematopoietic stem cell transplantation 
(HSCT), indwelling venous catheterization, long-term hospitalization, aggressive 
chemotherapy and use of broad-spectrum antibiotics including carbapenems [46].

S. maltophilia bacteremia in patients with hematologic malignancies is a serious 
complication of profound, persistent neutropenia and broad-spectrum antibiotic 
use. This pathogen is highly resistant and its antimicrobial resistance may increase 
when patients are treated with antibiotics over extended periods. Inappropriate anti-
biotic use is associated with an elevated morbidity and mortality [47, 48].

Complications of S. maltophilia infections are septic shock, respiratory failure, 
pulmonary hemorrhage and septic thrombophlebitis. Morbidity and mortality are 
high; however, the prognosis may be improved by prompt administration of active 
antibiotics.

S. maltophilia strains are resistant to the majority of agents used for the empirical 
treatment of febrile neutropenia including most beta-lactams. Sulfamethoxazole- 
Trimethoprin and minocycline are very active against most stenotrophomona infec-
tions [49, 50] (Table 3).

Newer quinolones, particularly in combination with Sulfamethoxazole- 
Trimethoprin may be an option. Other combination agents can be used depending 
on the susceptibilities of the organisms [51].
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 Multidrug Resistant Gram Negative

The widespread use of antibiotics and the emergence of multidrug resistant (MDR) 
bacteria has shown to increase mortality particularly in immunosuppressed 
patients. Screening for MDR bacteria may facilitate prompt isolation and directed 
treatment targeting the MDR bacteria when the patient demonstrates early signs of 
infection [52].

 Carpapenem-Resistant Enterobacteria (CRE)

Neutropenic patients are at risk for enteric gram negative rod bacteremia from gas-
trointestinal tract translocation. Beta- lactam agents are recommended for empiric 
therapy of neutropenic fever, however over the last decade, CRE have emerged as a 
threat particularly to this vulnerable population.

Identification of CRE usually takes up to 3 days using conventional culture meth-
ods. This can delay proper treatment significantly increasing mortality [53].

CRE are universally resistant to all beta-lactam agents due to different carbapen-
emases. Carbapenemase are classified as type A, B, C and D depending on their 
molecular structure.

The most clinically significant and the most common type in United States is the 
Class A beta-lactamase known as klebsiella pneumonia carbapenemase (KPC) [54].

Class B beta-lactamase are also known as the metallo-beta-lactamases (MBLs). 
The New Delhi metallo-beta-lactamase is the most clinically significant of this 
group [55].

Class D beta-lactamases are also named the OXA type enzymes because of their 
preference to hydrolyze oxacillin over penicillin. Six subgroups have been identify 
with different degrees of carbapenem hydrolyzing activity [56].

Treatment recommendations for CRE infections is limited and controversial 
depending on the subtype and susceptibility results. For KPC, ceftazidime- 
avibactam or meropenem varbobactam are an option provided that the organism is 
susceptible [57, 58].

Other alternatives particularly for subtypes resistant to the above antimicrobials 
i.e. the MBLs include a polymyxin based regimen combined with prolonged car-
bapenem infusion. For polymyxin resistant strains ceftazidime-avibactam in combi-
nation with aztreonam has been used [59].

Other antibiotics with a broader spectrum to treat MDR gram negative rods are 
under different stages of development including imipenem/cilastin with relebactam, 
avibactam combined with aztreonam or ceftaroline [60].

Newer antibiotics hopefully will offer a light of cure of MDR gram negative 
infections in neutropenic patients while receiving aggressive chemotherapy.
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Abstract The incidence of fungal infection in neutropenic patients is increasing as 
a result of new advances of chemotherapy, stem cell transplantation with associated 
immunosuppressive therapies, use of broad spectrum antibiotics, and central venous 
devices. As this susceptible population is living longer, even uncommon and more 
resistant fungal organisms can develop despite prophylactic antifungals.

This chapter will focus on common fungal infections seen in neutropenic 
patients, particularly yeast and molds. Endemic mycoses are not common in this 
population and will not be discussed in this chapter.
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 Yeast

Yeast exist widely in nature, as a result, humans are constantly exposed to many 
yeast genera. Depending on the host immune system and virulence factors of the 
yeast, patients can develop an infection.

With the increase of the immunosuppressed population, we are seeing a variety 
of yeast infections including some rare yeast only sporadically encountered  
before.
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 Candida Species

Candida spp are the absolutely dominant cause of yeast infections in neutropenic 
patients. Candida spp are part of the normal flora and subsequently invasive infec-
tions may arise when mucosal breakdown or impaired immune function occurs. 
There are at least 15 different Candida spp that can cause infections in humans 
(Table 1). The most commonly encountered species are C. albicans, C. glabrata, C. 
krusei, C. parapsilosis and C. tropicalis and in addition rarer species C. guillier
mondii, C. lusitaniae, C. kefyr, and C. dubliniensis [1] [2]. The widespread use of 
antifungal prophylaxis such as azoles and echinocandins have been associated with 
a shift from C. albicans infections to various non albicans Candida spp in cancer 
patients [3].

 Multidrug  resistant C. auris has been  associated with healthcare setting 
 outbreaks. Outbrakes have occured in Japan in 2009 followed by S. Korea, India 
and now in more than a dozen countries resulting in a potential global threat [4, 5].

 Clincal Manifestations, Diagnosis and Treatment

The most benign type of infections caused by Candida spp are due to local over-
growth of yeast on mucous membranes. These types of infections are orpharyngeal, 
esophagitis (for more details, please refer to the head and neck infections chapter) 
and vulvovaginitis.

The symptoms of candida vulvovaginitis are dysuria, dyspareunia, vulvar pruri-
tus, erythema, and white discharge classically described as curd-like. The diagnosis 
can be made clinically and can be supported by detecting budding yeast on wet 
mount or KOH preparation.

Similarly, balanitis can be present as erythema of the penis with white patches 
associated with burning pain and pruritus. Candida vulvovaginitis and balanitis can 
spread to the groin, buttocks and thighs causing yeast intertrigo. The treatment of 

Table 1 Yeast Candida species Non candida yeast species

C. albicans Cryptococcus spp
C. glabrata Trichorsporon spp
C. krusei Saccharomyces spp
C. parapsilosis Rhodotorula spp
C. tropicalis Malassezia spp
C. guillermondii Blastoschyzomyces spp
C. lusitaniae

C. kefyr

C. dubliniensis

C. auris
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vulvovaginitis, balanitis and yeast intertrigo is with oral fluconazole or topical 
azoles such as clotrimazole, butoconazole, and miconazole [6]. For yeast intertrigo, 
topical nystatin can also be used [7].

Neutropenic patients are also at high risk for systemic candida infections leading 
to fungemia with visceral dissemination. The clinical manifestations are similar to 
bacteremia including fever (which may be absent), tachycardia and later hypoten-
sion complicated by multiorgan failure. Occasionally, erythematous painless macu-
lar, papular or pustular skin lesions on an erythematous base may be seen. These 
lesions may become necrotic. Biopsy of the skin lesions can be sent for KOH stain, 
culture and histopathology in order to facilitate the diagnosis.

Hepatosplenic candidiasis is a rare form of systemic candida infection seen 
almost exclusively in patients with hematologic malignancies who have recovered 
from neutropenia. Some patients had a documented episode of candidemia, but in 
other patients, the organism can spread from the portal circulation to the spleen and 
liver in the absence of clearly documented positive blood cultures. The clinical man-
ifestations include fever and right upper quadrant pain in a patient who just recov-
ered from neutropenia. Laboratory data reveals elevated serum alkaline phosphatase. 
The diagnosis can be suspected by visualizing multiple small hypo densities in the 
liver, spleen and kidney on computed tomography (CT), ultrasound, or magnetic 
resonance.

The treatment of uncomplicated candidemia without metastatic dissemination 
includes an echinocandin such as caspofungin, anidulafungin or micafungin until 
susceptibilities are available. Lipid formulation amphotericin B is another option, 
but less attractive given the potential nephrotoxicity. Voriconazole can be used when 
additional mold coverage is desired [1]. In patients who are already receiving an 
azole, an echinocandin or lipid formulation of amphotericin B can be added to treat 
potential Candida spp resistant to azole [1]. For patients who are already taking an 
echinocandin, voriconazole or lipid amphotericin B can be added to cover potential 
echinocandin resistant Candida spp [1]. The recommended duration of candidemia 
without a metastatic complication is 2 weeks after documented clearance of Candida 
spp from the bloodstream and provided that neutropenia has resolved [1]. 
Ophthalmology evaluation with dilated funduscopic examination should be per-
formed within the first week of neutropenia resolution [1].

Treatment of the source of candidemia is of utmost importance to facilitate clear-
ance and prevent relapse. In the neutropenic patient, the source of infection is usu-
ally translocation from the gastrointestinal tract. The decision of central line removal 
should be considered on an individual basis [1].

The initial treatment of hepatosplenic candidiasis includes lipid amphotericin B 
or an echinocandin for several weeks followed by oral fluconazole depending on the 
susceptibility of the yeast. Therapy should continue until the lesions resolve on 
repeated radiologic imaging. If additional chemotherapy or hematopoietic stem cell 
transplant is required, antifungal therapy should continue to prevent relapse of 
infection [1].
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More specific information about the antifungal options and doses to use for the 
different species of candida is present in the chapter on Antifungal Medications in 
Neutropenia.

 Non Candida Yeast Species

Non candida yeast infections in patients with neutropenia have the potential for 
lethal dissemination to distant organs, especially since they have natural resistance 
to many antifungal medications. There are many non-candida yeast sepecies that 
can cause infection in humans (Table  1). The most common organisms include 
Cryptococcus spp, Trichosporon spp, Saccharomyces spp, Rhodotorula spp, 
Malassezia spp, Blastoschyzomyces spp, and Sporobolomyces spp.

A retrospective analysis done in our institution found nine cases of non-candida 
yeast infections from 1999–2014. Trichosporum beigelli was the most common 
organism followed by Blastoschizomyces capitatum (previously known as 
Trichosporum capitatun, later as Geotrichum capitatum) and lastly Sporothrix cya
nescens [8].

 Clincal Manifestations and Treatment

For the most part, non-candida yeast infections encountered in neutropenic patients 
cause similar symptomatology and spectrum of disease. Invasive and systemic dis-
ease is very similar to systemic candidiasis and hepatosplenic candidiasis. These 
organisms can invade any organ in the human body [9–14]. This is particularly true 
for Trischosporion spp. which can also cause diffuse alveolar hemorrhage [15, 16].

Diagnosis is suspected when a patient with prolonged neutropenia has fever, 
with or without skin lesions and imaging  testing reveals small hepatic or splenic 
lesions. Erythematous macular or papular lesions similar to those seen in dissemi-
nated candida infection can also be seen. The diagnosis lies in isolating the organ-
ism in blood, urine, sputum or spinal fluid [9, 15, 17]. If skin lesions are present, 
culture and histopathology can also isolate the fungus. To isolate Malassezia spp in 
blood culture, a lipid enriched media is required [12].

Treatment should be individualized for each species. Given the unpredictable 
activity of antifungals against these organisms, in vitro susceptibilities should be 
done on all isolates and antifungals should be tailored pending the susceptibility of 
the testing [9, 13].

In general most Trichosporon spp have a high minimal inhibitory concentration 
(MIC’s) for polyenes, flucytosine, and echinocandins, with relatively low MICs for the 
azoles. Among the azoles, voriconazole and posaconazole appear to be the best option 
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[18]. Combination therapy may be tried in patients failing azole treatment. Combination 
includes an azole with an echinocandin or amphotericin B with micafungin [19].

Rhodotorula spp have in vitro susceptibility to amphotericin B and fluocytosine, 
but are resistant to echinocandins and fluconazole. The newer triazoles have some 
activity, but more clinical experience is needed. Ravuconazole has excellent in vitro 
activity and may have a role in the future for life threatening infections [20].

The treatment ofMalassezia spp includes prompt central catheter removal ideally 
with discontinuation of intravenous lipids if possible. In most cases, removal of the 
catheter may be sufficient for cure provided that there is no evidence of deep- seated 
infection [11]. In the setting of persistent fungemia or evidence of disseminated 
infection, systemic therapy is indicated. Malassezia spp are susceptible to azoles 
and polyenes, but are intrinsically resistant to flucytosine [9, 11].

Blastoschizomyces spp have in vitro susceptibility to amphotericin B, voricon-
azole and posaconazole. They are less susceptible to fluconazole and resistant to 
flucytosine and echinocandins [21, 22].

For infections secondary to Saccharomyces spp central line removal along with 
amphotericin B or fluconazole appears to be a good treatment option. Voriconazole 
may be used in patients failing fluconazole. Preliminary research and some case 
reports revealed that echinocandins may also be a good alternative for Saccharomyces 
spp [23, 24].

Given the morbidity and mortality of yeast non candida infections in neutropenic 
patients and their potential for dissemination, our initial approach when non can-
dida yeast are isolated from the blood is to use double antifungal therapy with a lipid 
formulation of amphotericin B, and voriconazole until further identification and 
susceptibilities are available. Once more information is obtained, the antifungal 
therapy is tailored to the best option available.

 Molds

Molds are common saprophytes in the environment. In immunosuppressed patients 
mold infections can be life threatening with several treatment challenges, especially 
if the underlying malignancy is not under control. Immunosuppressed patients may 
acquire an invasive mold infection by inhalation, blood stream infection from cen-
tral catheters, or direct traumatic inoculation. Depending of the pathogen and host 
factors, the infection can spread locally to deeper tissues by angioinvasion or cause 
distant metastatic disease through conidia formation. In severe cases, a mold infec-
tion may have both, severe local angioinvasion with tissue necrosis plus distant 
metastatic invasion to vital organs. Molds can have septate or aseptate hyphae. They 
can also be pigmented or colorless (Table 2). This section will discussed some of the 
molds more commonly found in neutropenic patients.
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 Hyalohyphomycosis

Hyalohyphomycosis is the term used to describe infections due to hyaline fungi. 
Hyaline fungi are colorless with septate hyphae under the microscope (Fig. 1). The 
most common hyaline fungi seen in neutropenic patients include Aspergillus, 
Fusarium, Scedosporium apiospermum, Penicillium, Paecilomyces, Acremonium, 
Scopulariopsis, and Beauveria (Table  2). Lomentospora prolificans (formerly 
Scedosporium prolificans and previously Scedosporium inflatum) are discussed in 
this section for clinical and practical purposes but they are phaeohyphomycosis or 
dark molds.

Among the organisms above, Aspergillus, Fusarium and Scedosporium are 
increasingly found in neutropenic patients therefore; this section will focus on these 
fungi.

 Aspergillus

Among the Aspergillus spp, A. fumigatus is the most prevalent followed by A. fla
vus, A. niger and A. terreus [25].

Aspergillus is responsible for a number of clinical syndromes including allergic 
bronchopulmonary aspergillosis, and invasive pulmonary infections including 
chronic necrotizing pneumonia, invasive pulmonary aspergillosis, and sinusitis. In 
neutropenic patients the latter two forms are the most prevalent form of aspergillosis 
[26]. This could be explained partially by the inhalation of conidia which is the most 
common form of acquiring the infection. Occasionally traumatic inoculation and 
rarely gastrointestinal infection occur in neutropenic patients. Central nervous 

Table 2 Mold

Hyalohyphomycosis
Or hyaline molds
Colorless septate hyphae

Zygomycetes
-Mucorales
Non septate hyphae

Phaeohyphomycosis
Or dark molds
Pigmented septate hyphae

Apergillus spp Rhizopus spp Alternaria spp
Fusarium spp Mucor spp Exoophiala spp
Scedosporium apiospermum Cunninghamella spp Cladophialophora spp
Penicillum spp Apophysomyces spp Curvularia spp
Paecilomyces spp Lichthenia spp Phialemonium spp
Acremonium spp Saksenaea spp Exserohilum spp
Scopulariopsis spp Rhizomucor spp Microascus spp
Beauveria spp Bipolaris spp

Ochroconis spp
Chaetomium spp
Cladosporium spp
Phaeoacremonium spp
Rhinocladiella spp
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 system (CNS) dissemination is a life threatening consequence of disseminated 
aspergillosis. It can present as a new onset of seizures or even a stroke from a mass 
effect or angioinvasion of the CNS circulation [27].

The clinical manifestation, diagnosis and radiological findings of Aspergillus 
sinusitis and pneumonia are discussed in detail in this book under the chapter of 
Respiratory Infections in Neutropenia.

Triazoles are the preferred agent for treatment and prevention of invasive asper-
gillosis. Aerosolized amphotericin B can be an alternative for prophylaxis in neutro-
penic patients in whom the use of azoles is contraindicated [28]. Please refer to the 
chapter of Prophylaxis in Neutropenic Patients for more clear indications of 
Aspergillus prophylaxis.

Fig. 1 (a) Hyalohyphomycosis. (b) Phaeohyphomycosis
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The drug of choice for invasive Aspergillosis is voriconazole. Isavuconazole or 
lipid formulation of amphotericin B are alternative options when voriconazole can-
not be given or is not readily available. Combination therapy with voriconazole and 
an echinocandin may be given in selected patients, but there is only moderate 
 evidence to support this aproach.

The duration of treatment for invasive aspergillosis is 6–12  weeks or longer 
depending on the clinical and radiological improvement. If the patient is still neu-
tropenic or if impending neutropenia is still anticipated, voriconazole should be 
continued for secondary prophylaxis [28].

Surgery should be considered for cases with localized disease such as cutaneous 
infection or sinusitis. In other instances such as osteomyelitis, endocarditis or focal 
CNS disease, surgery can also be considered [28].

For refractory cases, the emergence of resistance or the presence of an additional 
pathogen should be considered. Intensifying the regimen with another antifungal 
from a different class may be prudent in addition to tapering immunosuppressive 
therapy if possible [28].

 Fusarium

Fusarium is the second most common mold infection after aspergillus and jointly 
with scedosporium and mucorales are increasing in the immunosuppressed popula-
tion. A potential explanation is the newer immunosuppressive treatment and the 
extensive use of antifungal prophylaxis for aspergillus particularly voriconazole 
[29–31].

The most common species of fusarium are F. solani, F. oxyosporum, and F. ver
ticillioides (previously F. moniliforme) and F. proliferatum [32, 33].

The macroconidia of fusarium are typically banana shaped and multiseptate. In 
tissue, the hyphae are septate similar to Aspergilus spp and Pseudasllescheria spp 
making it very difficult to distinguish these fungi in the absence of microbial growth 
[32, 34]. However, fusarium is more likely to have balloing hyphae.

Fusarium is ubiquitous in water and soil and can cause superficial and subcutane-
ous infection with local deep angioinvasion with distant spread particularly in 
immunosuppressed patients [33, 35]. Immunosuppressed patients acquire the infec-
tion by inhalation of spores, or direct inoculation. The latter can be seen in neutro-
penic patients with toe nail trauma. The nail and the periungual area can be colonized 
with fusarium spores that can invade locally after toe-nail trauma. Subsequently the 
infection can spread via the lymphatic and blood vassels to reach vital organs caus-
ing life threatening infection [36]. Because of its ability to spread distantly, the mold 
can be occasionally isolated in blood cultures. This is a very unique characteristic of 
fusarium in contrast to other molds [33, 37].

The clinical manifestation of fusarium infections differ in immunocompetent 
versus immunosuppressed patients. Superficial or localized infections can be seen 
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in immunocompetent patients whereas complicated deeper infection involving 
the  sinuses, lungs and the more common disseminated disease can be seen in 
 immunosuppressed patients [33, 38]. The clinical manifestations of sinusitis and 
pneumonia caused by fusarium resembles aspergillus infection, but contrary to 
aspergillus, fusarium is more likely to cause skin lesions from traumatic inocu-
lation, onychomycosis with periungual toe infection and secondary systemic infec-
tion [36, 39].

Localized skin infections initially present with severe painful erythema at the site 
of inoculation. Often it is the periungual area, but can present anywhere in the body. 
The lesions later progress to develop a purpuric center that later becomes necrotic 
resembling ecthyma gangrenosum. Secondary lymphangitic spread with or without 
secondary metastatic skin lesions can also be seen. These secondary skin lesions are 
also painful and can progress from small papular erythematous lesions to large nod-
ules with central necrosis. Some of them can also have the appearance of target 
lesions.

The definitive diagnosis of disseminated fusarium is by isolating the organism 
in culture from blood, skin, tissue, sputum or by histopathology of the affected 
tissue. Molecular diagnosis is often required for more specific detail about the 
 species [33, 40].

The treatment of fusarium infections represents a challenge. Some of the species 
are intrinsically resistant to several antifungals. Liposomal formulation of ampho-
tericin B and voriconazole are the most active antifungals and can be used in com-
bination therapy until more information regarding susceptibility results are available 
[33, 41–44]. Other combination therapies that can be synergistic include voricon-
azole plus terbinafine [33, 45]. Posaconazole has also been used as salvage therapy 
[46]. Isavuconazole is a new azole approved for the treatment of mucormycosis and 
aspergillosis but clinical experience for treatment of fusarium infections is limited. 
Antifungal susceptibility testing allows for more specific treatment and should be 
done to improve the patient’s outcome. Removal of the infected catheter if thought 
to be the source of infection, should be done. If the primary source of infection is 
the toe nail, removal is necessary as it can serve as a nidus of persistent infection 
[36]. Immunomodulation with G-CSF or GM-CSF plus interferon gamma can be 
used as an adjunctive therapy in addition to antifungals [41].

The duration of treatment is usually prolonged for several weeks until there is 
clinical and radiological evidence of improvement. Treatment should also continue 
until resolution of neutropenia. If chemotherapy or neutropenia is anticipated, sec-
ondary prophylaxis should be given during the periods of increased immunosup-
pression such as treatment of graft vs. host disease [38].

In general fusarium infection in immunosuppressed patients is lethal in spite of 
aggressive antifungal treatment. The overall prognosis largely depends on the 
degree of immunosuppression and the extent of infection. Recovery of neutropenia 
is an essential factor for survival [39, 47].
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 Scedosporium

There are two species of Scedosporium that can cause disease in humans, S. apio
spermum, its sexual form Pseudallescheria boydii and Lomentospora prolificans 
(formerly Scedosporium prolificans and previously Scedosporium inflatum) [41, 
48–50] Scedosporium has been isolated widely in the environment including soil, 
potting mix, compost and polluted water. Infection occurs by direct inoculation or 
inhalation of conidia.

In the immunocompetent host the spectrum of disease includes keratitis, endop-
thalmitis, cutaneous and subcutaneous infection (Mycetoma), and osteomyelitis. 
Given the neurotropic nature of this mold, meningoencephalitis, brain abscess, in 
addition to sinusitis and pneumonia have also been described in near drowning acci-
dents [33, 41, 49].

In immunocompromised patients, the clinical manifestations is very similar to 
fusarium infections including sinusitis, pneumonia, and disseminated disease 
with skin lesions similar to the ones described previously for fusarium. In addi-
tion, CNS infections including meningitis, meningoencephalitis and brain abscess 
can also occur. Disseminated infection is more commonly reported with L. pro
lificans than S. apiospermum [51]. Similarly to fusarium infections, blood  cultures 
can be positive for mold. Local infection can also metastasize to distant organs 
[49, 52].

The diagnosis of Scedosporium relies on isolation of the organisms on histopa-
thology or cultures from tissue, sputum or blood. Invasive pulmonary infections, 
sinusitis or CNS infections are indistinguishable radiologically from aspergillus or 
fusarium [33, 49]. Molecular testing allows for more specific information regarding 
the species but unfortunately is not available in most centers [41].

The optimal choice and duration of treatment for Scedosporium infections is 
unknown. Infections caused by these organisms in immunosuppressed patients are 
often disseminated and carry mortality rates from 40 to 100% [49, 51].

Among the antifungals, voriconazole appears to be the best option. MICs from  
S. apiospermum for voriconazole are better than the MICs for L. prolificans [53]. 
Isavuconazole is not approved for the treatment of scedosporium but in vitro data 
shows that it may have activity [41]. Ampothericin B is not active in general for 
scedosporium infections and echinocandins have decreased susceptibilities. Given 
the high rates of resistance, susceptibility testing is highly recommended [41, 54].

Because of the aggressive nature of scedosporium especially L. prolificans and 
the relative high MIC to voriconazole, some experts advocate combination therapy 
with voriconazole plus a polyene or an echinocandin [41]. Triple antifungal therapy 
with voriconazole, an echinocandin and a polyene has been tested against L. prolifi
cans showing in vitro synergy but the data in humans is limited [41]. Clinical expe-
rience with the use of immunomodulation therapy with G-CSF or GM-CSF 
combined with interferon gamma is limited [33, 41].
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 Zygomycetes

Zygomecetes are distributed worldwide in the soil and decaying vegetation. They 
have gained recent popularity because of the increase in the number of cases in the 
immunosuppressed population particularly in the last decade [55]. This could be 
partly because of the widespread use of voriconazole as prophylaxis or treatment of 
aspergillosis [31, 56].

Zygomyecetes are characterized in culture by broad nonseptate ribbonlike 
hyphae. There are two main groups of zygomecetes; entomophthorales and muco-
rales. The entomophthorales mainly cause cutaneous and subcutaneous infections 
and is limited to the tropics. The mucorales group can cause severe and lethal angio-
invasive infections involving the respiratory, gastrointestinal, genitourinary and 
cutaneous systems. Most of these infections are severe because they can invade the 
blood vessels causing thrombosis with secondary tissue necrosis [55–58].

The most common organisms that belong to mucorales is Rhizopus followed by 
Mucor. Other less common organisms from the genus of mucorales include 
Cunninghamella, Apophysomyces, Lichtheimia (formerly Absidia), Saksenaea, and 
Rhizomucor [59].

Predisposing factors for infection include diabetes, steroid use, deferoxamine 
therapy, iron overload, trauma, hematological malignancies and transplant recipi-
ents, specially while taking voriconazole prophylaxis [60–63].

The infection is acquired by inhalation of spores or direct inoculation. The most 
common clinical form of presentation is rhino-orbital-cerebral. This clinical presen-
tation is more commonly seen in diabetic and other immunosuppressed patients. 
The clinical symptoms include fever, sinus congestion, pain, and headache. This 
infection can cause angioinvasion and spread to nearby tissues including the palate 
and brain. On physical examination, a palate or nose eschar can be present. In addi-
tion, peri-orbital erythema, edema and proptosis can be seen [64].

In patients with hematological malignancy, the most common site of infection is 
the lung [55]. The clinical symptoms of pneumonia do not differ from other mold 
infections in the immunosuppressed patient. Patients may present with fever, cough 
and pleuritic pain or may be asymptomatic. A new large lung nodule with or without 
the reverse halo sign may be discovered incidentally on CT scan.

Cutaneous infection caused by zygomycosis also does not differ from any other 
mold infection in immunosuppressed patients. The initial presentation may be a 
painful papular or plaque lesion at the site of inoculation. This lesion rapidly 
enlarges and develops surrounding erythema with a necrotic center [65]. This lesion 
rapidly spreads to deeper tissues causing necrosis with unfavorable consequences.

The diagnosis of zygomycetes relies on isolation of the organism from histopa-
thology and culture from tissues or sputum. Molecular studies are not readily avail-
able in most institutions. Efforts to obtain biopsies particularly from the sinuses and 
the skin should be pursued. Unfortunately, thrombocytopenia is usually present in 
neutropenic patients; therefore, biopsy is not always possible especially from the 
lung because of the unacceptable high risk of bleeding.
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Radiological findings of lung infection may reveal the reverse halo sign (please 
refer to the chapter of  Pulmonary Infections in Neutropenia for more details). 
Sputum samples should be obtained, and if negative, broncholaveolar lavage should 
be obtained. In cases of suspected mold sinusitis, ears, nose, and throat endoscopic 
examination should be done and repeated for follow up of treatment response. In 
addition, tissue samples should be obtained for histopathology and culture [55, 66].

The treatment of zygomycosis includes surgical debridement if there is 
 evidence of skin, soft tissue infection or rhinocerebral infection, in addition to 
antifungal therapy. Amphotericin B, posaconazole and isavuconazole are all active 
in vitro [55, 66].

The first line of therapy is lipid formulation of amphotericin B. Posaconazole 
also has activity but is only indicated as alternative therapy [55, 67]. In a multicenter 
open –label single arm study isavuconazole showed showed similar efficacy to 
amphotericin B, but isavuconazole has not been studied in randomized trials [68]. 
Posaconazole and isavuconazole can be used for step down therapy after the patient 
has shown signs of improvement with amphotericin B.

Data for combination therapy with lipid formulation of amphotericin B with 
either an echinocandin or posaconazole is insufficient and controversial [55, 69, 
70]. Combination therapy should be a bedside decision outweighing risk vs. bene-
fits. Efforts to treat the malignancy and decrease the immunosuppression should be 
a priority [69, 70].

The length of treatment is usually from several weeks to months until there is 
clinical and radiological evidence of resolution. Maintenance therapy or secondary 
prophylaxis should be considered if persistent immunosuppression continues [55].

Similar to other invasive mold infections, the prognosis for zygomyces infection 
largely depends on resolution of neutropenia and immunosuppression. Antifungals 
alone in the presence of ongoing immunosuppression will not ensure cure.

 Phaeohyphomycosis

Dematiaceous fungi are darkly pigmented due to melanin-like pigments in the cell 
wall. These pigments cause the hyphae to have the appearance of a golden brown 
color under the microscope. The hyphae are septate just like the hyphae of hyaline 
molds (Fig. 1). Dermatiaceous fungi rarely cause disease in humans but are increas-
ingly seen in immunocompromised patients.

The dematiaceous fungi are found in the soil and decaying vegetation of tropical 
and subtropical areas. The most common organisms associated with phaeohyphom-
icosis in immunosuppressed patients include Alternaria, Exophiala, Clado
phialophora, Curvularia, Phialemonium, Exserohilum, Microascus, Bipolaris, 
Ochroconis, Chaetomium, Cladosporium, Phaeoacremonium, and Rhinocladiella 
[71, 72] (Table 2).
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Lomentospora prolificans (formerly Scedosporium prolificans and previously 
Scedosporium inflatum) is also part of the phaeohyphomycosis which was described 
under the hyalohyphomycosis for clinical and practical purposes.

It is important to highlight that these molds have neurotrophic characteristics that 
frequently lead to CNS infections. The rest of the clinical syndromes are similar to 
other molds described previously in this chapter including cutaneous and subcuta-
neous infections, pneumonia, fungemia and disseminated disease [71, 72].

The diagnosis is by histopathology and microscopic examination of cultures. 
Microscopic examination yields fungal elements with dark cell walls with branch-
ing septate hyphae that usually look brown in most stains. Occasionally the Fontana- 
Masson stain specific for melanin can be used [73].

The treatment for cutaneous and CNS infections is surgical debridement in addi-
tion to antifungals [71]. Unfortunately the resistance patterns are highly variable 
among phaeohyphomycosis and there are no clear guidelines for treatment. 
Antifungals often used to treat these infections include voriconazole, posaconazole 
and amphotericin B [72]. Combination therapy has also been used with triazoles, 
amphotericin B, and an echinocandin [72]. Treatment is often continued for several 
months until clinical symptoms and the immunosuppression resolve [71, 72].
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Neutropenic Fever
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Abstract Neutropenia is defined as an abnormally low absolute neutrophil count 
(ANC) and can be further delineated as severe or profound (see below). Recipients 
of chemotherapy will often have a decreased ANC leading to an increased risk of 
infections specifically from bacterial sources. Neutropenia traditionally is risk strat-
ified based on duration and depth of neutropenia. Recipients of chemotherapy for 
acute myelogenous leukemia (AML) and stem cell transplants (SCTs) often are 
deemed as having high risk neutropenia due to significant depth and duration of 
neutropenia. The mortality associated with febrile neutropenia is up to 11%, and can 
be as high as 50% in the setting of severe sepsis or septic shock. By risk stratifying 
neutropenia and the resultant neutropenic fever, the goal is to decrease the resultant 
morbidity and mortality (Taplitz et al., J Clin Oncol 36:3043–3054).
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reconstitution syndrome · Engraftment syndrome

 Background Definitions [1]

• Neutropenia is defined as an absolute neutrophil count (ANC) <1000 μL (equiva-
lent to <1.0 × 10 9 /L)

• Severe neutropenia is an ANC <500/μL (equivalent to <0.5 × 10 9/L)
• Profound neutropenia is an ANC <100/μL (equivalent to <0.1 × 10 9/L)
• High risk neutropenia is neutropenia lasting ≥7 days
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• Fever in neutropenic patients is defined as a single oral temperature of ≥38.3 °C 
(101 °F) or a temperature of ≥38.0 °C (100.4 °F) sustained over a 1 h period.

 Neutropenic Fever (NPF)

Two categories of neutropenic fevers have been described. Microbiologically-based 
NPF infection is defined when the cultures isolate an organism. On the other hand 
clinically documented NPF is present when there is a high clinical suspicion for 
infection based on physical examination findings or radiological testing but there is 
a negative microbiologic work up. During the work up of NPF, an infectious origin 
can be identified either microbiologically and/or clinically in only 30–50% of the 
cases [2]. This is often related to an incomplete medical exam or untimely collection 
of specimens such as biopsies or aspirations due to concomitant thrombocytopenia. 
These patients tend to improve after empiric antibiotic therapy which suggests an 
occult infection. However other non-infectious causes of fever such as chemother-
apy induced mucositis, tumor fever, transfusion related fever, drug fever, or graft-
versus-host disease should also be considered as potential causes of unexplained 
fever [3]. Tumor fever is in part thought to be related to cytokine release by the 
cancer cells, and it is usually a diagnosis of exclusion. Drug fever is not uncommon 
particularly from certain chemotherapies or growth factors. A thorough detail orien-
tated history, medication reconciliation and physical exam is important in identify-
ing patterns between medications and fever curves. Drug fever should be suspected 
in the presence of rash, peripheral eosinophilia and increasing transaminases. These 
associated symptoms are not always present.

Mucositis is a common cause of neutropenic fever. It often develops when there 
is an ongoing mucosal barrier injury that results from the toxic effects of chemo-
therapy allowing for either micro- or macro-translocation of bacterial organisms 
from the GI tract into the systemic system. Micro-translocation leads mainly to an 
inflammatory syndrome with negative blood cultures but punctuated with NPF 
whereas macro-translocation presents with positive blood cultures. Chemotherapy 
induced mucositis and less frequently radiation induced mucositis can involve the 
entire gastrointestinal tract including the oral cavity. Studies have shown that it 
may be more important as a cause of infection than neutropenia itself in cancer 
patients [4].

Other noninfectious causes of fever not to be overlooked include venous throm-
boembolism, pulmonary emboli, adrenal insufficiency and stroke. Microbiologically 
documented infections include catheter associated bacteremia, bacterial transloca-
tion from the gastrointestinal, genitourinary or respiratory tract, or from skin and 
soft tissue infections [2].

When evaluating a patient with neutropenic fever, myeloid reconstitution syn-
drome and engraftment syndrome are two other phenomena that should be taken 
into consideration. Myeloid reconstitution syndrome is similar to immune reconsti-
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tution syndrome seen in HIV patients after initiation of antiretroviral therapy (ART). 
With the addition of ART, there is a shift from an immunosuppressed state to a pro- 
inflammatory state. In the setting of hematological malignancies, it occurs within 
15 days of neutrophil recovery and manifests as fevers. Superinfection needs to be 
ruled out in these circumstances prior to considering discontinuing antimicrobials 
[5]. Engraftment syndrome, more commonly seen in patients undergoing autolo-
gous stem cell transplants than SCT, develop fevers, rash and pulmonary infiltrates 
at the beginning of engraftment; i.e. neutrophil recovery. If the patient has an aggres-
sive and symptomatic engraftment syndrome, steroids can be considered. Patients 
with breast cancer, previous monotherapy and recent use of G- CSF appear to have 
higher risk for this syndrome [6].

 Microbiology

The causes of bloodstream infection causing neutropenic fever have changed with 
the use of indwelling catheters and the evolution of chemotherapy modalities. There 
has been an increased frequency in bacteremias with gram-negative organisms com-
pared to gram positive, with Enterobacteriaceae sp. being more predominant, fol-
lowed by P. aeruginosa and other gram negatives. Unfortunately, the use of 
prophylactic antibiotics has led to an increase in frequency of resistant pathogens 
such as extended spectrum beta-lactamase (ESBL) producing Enterobacteriaceae 
and carbapenem resistant pathogens. Gram positive bacteria continue to be an 
important cause of bacteremia. Staphylococcus aureus including Methicillin resis-
tant Staphylococcus aureus (MRSA), coagulase negative staphylococcus, viridans 
group streptococcus and Enterococci, especially vancomycin resistant Enterococcus 
(VRE) are particularly concerning [2]. Anaerobic bacteria are not as common but 
have been associated with a polymicrobial bacteremia and in those patients under-
going abdominal surgery. Fungal infections are less common compared to bacterial 
infections as the cause of fever early in the course of neutropenia. When they are 
identified, Aspergillus sp. and Candida sp. are the most common. Non C. albicans 
strains are increasing in frequency due to selective pressure from the ongoing use of 
prophylactic fluconazole [2]. The greatest risk factor for mold infection is profound 
and prolonged neutropenia (i.e. 14 days or more with ANC < 100).

 Management

Management for neutropenic fever first starts with a discussion of appropriate pro-
phylaxis which has been risk stratified on the basis of the anticipated duration of 
neutropenia [1]. The optimal time to choose a patient’s regimen for a future neutro-
penic fever is during the initial consult by an infectious diseases consultant after 
discussing all of the risk stratifying past medical issues for a particular patient 
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including but not limited to previous infections especially while neutropenic. In 
addition, prophylaxis against Pseudomonas and other Enterobacteriaceae are of 
outmost importance in this population. Unfortunately, Pseudomonas continues to 
be a significant cause for neutropenic fever. Other enteric gram-negative rods 
(GNRs) are important sources of bacteremia after chemotherapy induced mucosal 
damage resulting in mucositis/enteritis and bacterial translocation [2].

 Risk Factors for Febrile Neutropenia

The risk of febrile neutropenia not only depends on the duration and degree of neu-
tropenia but also on other factors related to the demographics of the patient, for 
example the malignancy in question or the treatment regimen being delievered [1]. 
The highest risk for NPF is in in patients with profound and protracted neutropenia 
after induction chemotherapy for acute leukemia and in the pre-engraftment stage 
following SCT infusion Table 1. Summarizes key risk factors.

 Primary Prophylaxis

In terms of antimicrobial prophylaxis there is a three-pronged approach. The first 
prong is antibacterial. The second is antifungal and the third is antiviral [1]. 
Traditionally antibacterial prophylaxis is utilized to prevent first and foremost an 
invasive Pseudomonas (PSA) infection, thus the use of ciprofloxacin or levofloxacin. 

Table 1 Common Risk Factors for Neutropenic Fever

Factors related to Higher risk

Patient factors/
characteristics

Advanced age
Low performance status
Low albumin
Prior episode of neutropenia
Presence of comorbidities

Malignancy Acute leukemia
Myelodysplastic syndrome (MDS)
High grade lymphoma
Soft tissue sarcoma
Non Hodgkin Lymphoma (NHL)/myeloma
Increased risk if advanced stage or not in remission or if in relapse

Treatment regimen High doses of anthracyclines, cisplatin, ifosfamide, 
cyclophosphamide, etoposide or cytarabine
Remission-induction and rescue chemotherapy
Duration and degree of GI/oral mucositis
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Levofloxacin is the best choice if there is a concomitant need for viridans group 
streptococcus (VGS) due to dental or gingival issues. If a patient has prolonged QT 
corrected or is intolerant of a fluoroquinolone, the alternative option for antibacterial 
prophylaxis is cefdinir or cefpodoxime [1]. Unfortunately, with this approach, there 
is an increased risk for pseudomonas bacteremia due to the lack of coverage with 
oral cephalosporins. Primary prophylaxis is recommended for patients who are at 
high risk for febrile neutropenia or with profound and protracted neutropenia (ANC 
≤100 for >7 days), such as patients with AML/MDS or SCT treated with myeloabla-
tive conditioning regimens. Current guidelines do not recommend routine prophy-
laxis in patients with low risk neutropenia such as those with solid tumors [1, 7]. Due 
to the increase of multidrug resistant organisms (MDROs) there are regions of the 
world including the northeast of the US where the rates are higher for drug resistance 
for PSA as well as other gram-negative rods (GNRs) making the use of antibacterial 
prophylaxis useless and only increases the risk of Clostridium difficile infection 
(CDI) (Tables 2 and 3).

For primary antifungal prophylaxis, the drug of choice depends on the total 
assessment of the patient’s current situation (disease status, chemotherapy present 
and past, if there is a history of fungal infections, and potential lifetime exposures). 
It is important to risk stratify to adequately estimate the pre-test probability of inva-
sive yeast infection versus mold infection in neutropenic patients. For example, an 
acute myelogenous leukemia (AML) undergoing induction chemotherapy would be 
a candidate for voriconazole primary prophylaxis due to the risk of neutropenia in a 
patient expecting neutropenic longer than 14 days (a known risk factor for invasive 
mold infection). Prophylaxis against invasive Aspergillus sp. infections with 
posaconazole is considered for patients ≥13 years of age, and undergoing intense 
chemotherapy for AML or MDS [1]. On the other hand, an impending neutropenic 
patient for SCT may have duration of neutropenia less than 14 days thus fluconazole 
or an echinocandin would be sufficient for prophylaxis against Candida sp. 
Antifungal prophylaxis is recommended for patients expected to have profound, 
protracted neutropenia such as patients with AML/MDS or SCT patients [1]. Similar 

Table 2 Non-infectious 
causes of fever in cancer 
patients

Mucositis
Graft versus host disease (GVHD)
Myeloid reconstitution syndrome
Pre-engraftment syndrome
Drug fever
Tumor fever
Deep venous thrombosis (DVTs), 
thromboembolism
Stroke
Transfusion-related fevers
Fever secondary to G-CSF/ GM-CSF
Radiation-related fevers
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to antibacterial prophylaxis, anti-mold prophylaxis is not recommended for solid 
tumors. Regimens associated with an increased risk of infection by Pneumocystis 
jirovecii such as those patients on purine analogues or those on ≥20 mg of predni-
sone for more than 1 month should receive trimethoprim-sulfamethoxazole ideally 
in daily dosing to increase compliance. If intolerant or allergic to trimethoprim- 

Table 3 Microbiology of infections in febrile neutropenia

Bacterial Gram negative pathogens (blood stream infections)
  Enterobacteriaceae, 24%
  P. aeruginosa, 10%
  Acinetobacter, 2%
  Other gram negatives, 3%
Gram positive pathogens (blood stream infections)
  S. aureus, 6%
  Coagulase-negative staphylococci, 25%
  Viridans group streptococci, 5%
  Enterococci, 5%
  Other gram positives, 6%
Clostridium difficile (GI infections)
Helicobacter pylori (GI infections)
Salmonella and Shigella (rare)
Mycoplasma pneumoniae (pulmonary infections)
Chlamydia pneumoniae (pulmonary infections)
Tuberculosis

Fungal Candida spp.
P. jirovecii

Cryptococci
Aspergillus spp.
Mucorales
Fusarium
Scedosporium

Viral Herpes simplex virus (reactivation in 60% HSV 
sero-positive)
Hepatitis B virus and hepatitis C virus reactivation)
Cytomegalovirus (CMV)
Respiratory syncytial virus (RSV)
Influenza A or B
Parainfluenza 1–4
Metapneumovirus
Adenoviruses
Coronaviruses
Rhinoviruses/Enterovirus
Norovirus

Other Pathogens Strongyloidiasis
Leishmaniasis, trypanosomiasis, malaria
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sulfamethoxazole then alternatives such as dapsone, atovaquone or aerosolized 
pentamidine can be considered [1]. Prior to utilizing dapsone, ensuring the patient 
has a sufficient level of G6PD is recommended.

As far as antiviral prophylaxis, HSV seropositive patients undergoing leukemia 
induction therapy or SCT should receive prophylaxis. In terms of primary herpes 
simplex or varicella prophylaxis, traditionally acyclovir at either 400 mg BID by 
mouth or 800 mg BID by mouth is utilized. Per specific indications like previous 
breakthrough infections while on acyclovir, a patient may be considered a candidate 
for a pro-drug such as famciclovir or valacyclovir for prophylaxis while neutrope-
nic. Tenofovir or entecavir is recommended for patients whom are at risk of hepati-
tis B reactivation while on chemotherapy or immunotherapy that is B-cell depleting 
[1, 2] (Tables 4 and 5).

 Secondary Prophylaxis

When evaluating the patient for impending neutropenia, the infectious diseases (ID) 
team needs to review the patient’s medical history. In general if a particular infec-
tion develops while neutropenic, there is a concern that the patient will be at risk for 

Table 4 MASCC scoring system to identify patients with cancer and FN at low risk of medical 
complications

Burden of FN with no or mild symptoms 5
No hypotension 5
No COPD 4
Solid tumor or hematological malignancy with no previous fungal 
infection

4

No dehydration requiring IV fluids 3
Burden of FN with moderate symptoms 3
Outpatient status 3
Age < 60 2
Maximum score is 26, ≥ 21 low risk

Table 5 The clinical index of stable febrile neutropenia (CISNE)

Explanatory Variable

Eastern Cooperative Oncology Group performance status ≥ 2 2
COPD 1
Chronic cardiovascular disease 1
National Cancer Institute common toxicity criteria mucositis of 
grade ≥ 2

1

Monocytes <200 μL 1
Stress-induced hyperglycemia 2

0–8 score. Low risk (zero points), intermediate risk (1–2 points), high risk (≥3 points)
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reactivation/recurrence of the same infection when creating the same situation again 
i.e. a new episode of neutropenia. The drug(s) that was (were) used to treat the origi-
nal infection should be re-considered as the ideal drug to resume when the patient 
becomes neutropenic during subsequent episodes. By creating the same milieu that 
lead to the infection in the first place, the patient is now at risk for that infection to 
recur. For example, if voriconazole was used to treat a fungal pneumonia during 
induction chemotherapy, one should consider restarting voriconazole for secondary 
prophylaxis for the impending neutropenia expected during SCT [1, 8].

 Other Considerations

The role of granulocyte colony stimulating factor (G-CSF) in prophylaxis is at times 
controversial. G-CSF has shown to decrease length and degree of neutropenia and 
reduce the risk of febrile neutropenia in solid tumors however it has not shown to 
decrease the risk of febrile neutropenia or reduce mortality in hematological malig-
nancies. The recommendation overall is to give G-CSF in patients who are on che-
motherapy regimens known to have a 20% increase risk of febrile neutropenia or in 
presence of comorbidities but lower risk [7].

Hand hygiene, diet and other environmental factors are also to be considered. It 
is recommended to avoid undercooked meats, unpasteurized milk, unpasteurized 
cheese or unpeeled fruits and vegetables unless washed properly at home [1, 2]. 
Also, neutropenic patients in an outpatient setting should avoid contact with envi-
ronments that have high concentrations of airborne fungal spores such as construc-
tion/renovation sites, intense gardening and digging [1, 2]. In the same line of 
thinking of minimizing exposure to plant matter, it is not recommended for neutro-
penic or impending neutropenic patients to utilize tobacco products or marijuana 
products due to the theoretical risk of fungal pneumonia.

 Outpatient Versus Inpatient Therapy

The management of neutropenic patients who present with fever can be divided 
into inpatient versus outpatient management. It is also important to identify 
patients presenting to the outpatient setting who will require inpatient referral [1] 
(Tables 6 and 7).

When a cancer patient with fever and neutropenia comes to an emergency room 
for evaluation, it should be assumed that there is an infectious cause until proven 
otherwise. Per the 2010 IDSA clinical guidelines, an assessment should be done 
within 15 min of being seen in triage. A complete history and physical as well as 
appropriate lab work including a complete blood count (CBC), renal function test, 
lactic acid level, and liver function test should be performed. Blood cultures should 
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be collected from different sites including a peripheral stick as well as a culture 
from each of the lumens of a patient’s central catheter if present. Other cultures such 
as urine, CSF and imaging such as a chest x-ray are obtained as clinically indicated. 
Patents with influenza-like symptoms should be tested for influenza ideally via 
polymerase chain reactions (PCR). Empiric antimicrobial therapy should be admin-
istered within 1  h from presentation to the ER [1]. Either an antipseudomonal 
B-lactam or a carbapenem should be given empirically for NPF. Additional gram- 
positive coverage is recommended only when there is suspicion of a gram-positive 
producing infection such as line infection or soft tissue infection where the addition 
of IV vancomycin is indicated [1]. Empiric NPF regimens are designed to be 
adjusted based on patient risk factors i.e. known ESBL colonization and the need 
for empiric meropenem. Traditionally if the patient is colonized with MRSA, there 
is the consideration of empiric 48 h use of IV vancomycin, linezolid or daptomycin. 
If the patient is colonized with vancomycin resistant enterococcus (VRE) then there 
is a consideration of 48  h of empiric daptomycin or linezolid use for NPF. 
Carbapenamase producing organisms in a patient’s history would lead the ID team 
to consider the early use of prolonged infusion meropenem and polymyxin-colistin 
or ceftazidime avibactam if sensitive in the past. Anaerobic coverage is added as 
clinically indicated [10].

If a NPF develops on the outpatient service, the decision algorithm has to assess 
the need for inpatient versus outpatient care. Febrile neutropenia in patients who 
are expected to be neutropenic for more than 7 days and have profound neutropenia 
and/or have significant comorbidities is deemed high risk. These patients are then 
candidates for inpatient therapy [1]. On the other hand, patients with febrile neutro-

Table 6 Talcott’s rules

Group Characteristic

I Inpatients (at time of fever onset)
II Outpatients with acute comorbidity requiring hospitalization
III Outpatients without comorbidity but with no uncontrolled 

cancer
IV Outpatients with controlled cancer and without comorbidity

Group IV is low risk

Table 7 Spectrum of antimicrobial activity in neutropenic fever

Pseudomonas 
coverage

Anaerobic 
coverage

Enterococcal 
coverage

ESBL 
coverage

Anti-Pseudomonal 
cephalosporin (i.e. 
cefepime)

+ − − −

Pip-tazo + + ++ ±
Anti-Pseudomonal 
carbapenem (i.e. 
meropenem)

+ + + +
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penia who are expected to have a short duration of neutropenia and none/few 
comorbidities would therefore be considered low risk. Low risk patients are then 
considered candidates for outpatient therapy. There are several tools that have been 
validated to supplement clinical decision making: MASCC index, Talcott’s rules or 
CISNE (specifically for solid tumors presenting with NPF). These tools are 
designed to augment clinical decision making but if the patient is deemed unstable 
for discharge by a treating physician from an emergency room then regardless of 
the score, the patient would need admission to the hospital [8]. Also those patients 
infected with a resistant pathogen will have a higher pretest probability of admis-
sion due to the difficulty in organizing intravenous antimicrobials from an emer-
gency room setting. Afebrile patients who have new signs or symptoms suggestive 
of an infection that are considered high-risk would automatically be candidates for 
inpatient therapy [2, 7].

If the patient is determined to be stable for outpatient management, after also 
taking into consideration logistic factors such as ease of follow up visits, and 
transportation, among others then they can be discharged after 4 h of the initial 
hospital, ER or clinic assessment. Empiric therapy for NPF on the outpatient ser-
vice would be an oral fluoroquinolone plus amoxicillin-clavulanate acid or 
clindamycin (if the patient was penicillin allergic) [1]. If these patients were previ-
ously on an oral fluoroquinolone for prophylaxis then they should not be given 
empiric therapy with a fluoroquinolone. Prior prophylaxis with a fluoroquinolone 
followed by NPF is an indication to be admitted to an inpatient unit until a resis-
tant bacterial infection is rule out. If a patient fails to defervesce after 2–3 days or 
he/she develops a new NPF, new infection or if initial blood cultures become posi-
tive or intolerance to oral therapy develops, then reevaluation and hospital admis-
sion is indicated [1, 7].

Tailoring therapy depends on the individual’s clinical course. Patients with unex-
plained fevers but who are stable would be continued on the initial therapy for up to 
5 days prior to consideration for either a lateral change (possible drug fever) versus 
escalation (concern for inadequate coverage) ± CT chest without contrast to rule out 
an occult mold infection. If the patient has a documented infection then the antimi-
crobial regimen should be adjusted to reflect the positive cultures. Those patients 
who are on IV therapy can also be switched at that point to oral therapy if GI absorp-
tion is deemed adequate and they are clinically stable. Those patients who become 
unstable or hypotensive, should have their regimen broadened to cover for resistant 
pathogens [1, 7]. With persistent NPF beyond 5 days, the consideration needs to be 
made for empirically adjusting antifungal coverage to include anti-mold therapy. 
Antiviral therapy is indicated in febrile neutropenia only if there is strong clinical or 
laboratory evidence of a viral infection. If there is an ongoing community-based 
outbreak of influenza A or B, then a febrile neutropenic patient presenting with 
influenza-like symptoms should be treated empirically with neuraminidase inhibi-
tors [1, 7].
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 When to De-escelate Therapy?

This topic used to be controversial when it comes to NPF but there is an increasing 
breadth of knowledge and guidelines to support de-escalation under the auspices of 
antimicrobial stewardship. Per 2010 IDSA clinical guidelines, it depends on the 
duration of neutropenia as well as having a clinically or microbiologically docu-
mented infection [1]. In the setting of an unexplained fever, the initial therapy 
should be continued until there is marrow recovery i.e. ANC >500. In the case of a 
documented infection, therapy depends on the site of infection and or organism 
isolated. Antibiotics (whether prophylaxis or treatment) are continued until the 
ANC > 500 or if they received an appropriate duration of therapy for that particular 
infection, then they can be switched to prophylactic antibiotics for the remaining 
duration of neutropenia [1]. However there have been an increasing collection of 
studies and the European Guidelines that recommend early de-escalation of antibi-
otics back to prophylaxis in cases of resolved unexplained fever. When considering 
this option, patients should be afebrile at least for >48 h, clinically stable, and with-
out signs or symptoms of new infection [9].

 Pathogen Based Treatment Algorithms

With the advent of multiplex polymerase chain reactions (PCRs), the paradigm of 
treating neutropenic fever is slowly but steadily changing. Multiple microbiology 
labs have invested into an array of platforms that help facilitate the rapid diagnosis 
of bacteremias. The previous paradigm was monitoring blood cultures continuously 
for up to 5 days or at least until they turned positive. Once the blood culture turned 
positive, an initial sample was assessed via a gram stain. Simultaneously the sample 
is plated with the goal of growing a pure colony to run through a VITEK II allowing 
for the assessment of antimicrobial sensitivities as well as placing a sample in one 
of many types of PCR platforms. Based on the example of the BioFire©, the turn-
around time for the blood culture identification (BCID) panel is approximately 1 h. 
after only 5 min of hands on time. This allows for the identification of the organism 
but unfortunately for sensitivities, one still has to wait for the pure culture to be 
selected out and run through the VITEK II [11]. The integration of matrix-assisted 
laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) 
has further changed the face of microbiology by utilizing protein fingerprinting to 
diagnose organisms by use of referencing them against a database and various algo-
rithms [12].
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 Key Points

• Neutropenic fever among cancer patients may be associated with significant 
morbidity and mortality.

• Prophylaxis is indicated for patients with profound, protracted neutropenia to 
reduce the risk of febrile episodes related to infection.

• All cancer patients who are neutropenic, presenting with fever should be evalu-
ated for infection while also ruling out other non-infectious causes of fever.

• Thorough evaluation augmented by clinical judgment and if needed specific 
scoring tools should be implemented to identify those patients with febrile neu-
tropenia who require inpatient management.

• Empiric antimicrobial therapy involves the use of antibiotics with anti- 
pseudomonal coverage, with the addition of gram-positive coverage depending 
on the clinical scenario.

• Antifungal coverage and the evaluation of fungal infections in high risk patients 
should be considered with profound neutropenia with persistent fevers.

• Timing of de-escalation of therapy is still debatable however for stable patients 
with resolved, unexplained fevers after 48 h of therapy can be de-escalated back 
to prophylaxis and followed closely if clinically stable.
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Antifungal Medications in Neutropenia

Rod Quilitz

Abstract Over the last two decades, clinicians managing invasive fungal infections 
in neutropenic cancer patients have encountered many challenges – please see chap-
ter on “Fungal Infections”. Fortunately we have also seen an expansion in our anti-
fungal armamentarium during this time frame as well. This chapter will focus on the 
antifungal agents which are utilized for the prevention and treatment of invasive 
fungal infections in the neutropenic cancer patient. Specifically, we will discuss the 
polyene antifungal amphotericin B, the anti-metabolite flucytosine, select azole 
antifungals (fluconazole, voriconazole, posaconazole, isavuconazonium sulfate), 
and the echinocandins (caspofungin, micafungin, anidulafungin).
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 Polyene Antifungals

 Amphotericin B

Stucture of Amphotericin B [1]

 

Amphotericin B deoxycholate (Fungizone, AmBD), also known as “conven-
tional” amphotericin B, is a broad-spectrum, fungicidal polyene antifungal agent 
which was a life-saving innovative agent when it was FDA approved in 1959 [2]. 
Amphoterin B binds to ergosterol on the fungal cell membrane then merges into the 
fungal cell membrane causing a pore which allows for increased passage of fluids 
into the fungal cell and cell rupture [1–3]. Amphotericin B deoxycholate was the 
primary agent for the treatment of invasive fungal infections for decades but its use 
was limited by its toxicity which lead to the development of lipid formulations of 
amphotericin B which have largely replaced the use of AmBD in the neutropenic 
cancer patient population [2].

 Amphotericin B Antifungal Spectrum of Activity

Amphotericin B has broad-spectrum fungicidal activity for a wide variety of inva-
sive fungal infections including but not limited to aspergillosis, candidiasis, fusari-
osis, mucormycosis, and the endemic mycosis such as blastomycosis, histoplasmosis, 
coccidiomycosis, paracoccidioidomycois, and sporotrichosis [3, 4]. Amphotericin 
B resistance is typically associated with a MIC >2 mg/L [4] and has been most 
commonly reported in Candida lusitanie [4], Aspergillus terreus [5], Scedosporium 
species [4], and Trichosporin beigelii [6]. More recently, there are increasing 
reports of amphotericin B resistance among some isolates of Candida auris [7] and 
Fusarium [8].
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 Amphotericin B Adverse Reactions

Conventional amphotericin B has been referred to by clinicians and sometimes 
patients as “Ampho-terrible” due to the frequency of infusion reactions and nephro-
toxicity [2].

Amphotericin B associated infusion reactions, sometimes known unofficially as 
the “Shake and Bake Syndrome,” can cause fevers, chills, and rigors but also nausea 
and vomiting, headache, arthralgias, myalgias, and ever anaphylactoid reactions 
resulting in acute dyspnea [2, 3, 9]. Pre-medications such as hydrocortisone (50 mg 
PO/IV), acetaminophen (650  mg PO), and diphenhydramine (25–50  mg PO/IV) 
may reduce the incidence and severity of these reactions although quality clinical 
trial data is lacking [9]. Amphotericin B induced rigors have been treated with opi-
oids such as hydromorphone (0.5  mg IV) or meperidine (25  mg IV), typically 
allowing for completion of the amphotericin B infusion [2, 9]. One study which 
randomized patients to receive AmBD over 4 versus 24 h per day demonstrated a 
more than 50% reduction in the incidence of fever, chills, and rigors with the 
extended infusion [10].

Amphotericin B induced nephrotoxicity risk increases with cumulative dose and 
can result in an acute decline in glomerular filtration rate with associated rise in 
serum creatinine as well as urinary wasting of potassium and magnesium [2, 9]. 
Saline loading (NS 500 mL IV before and after each dose) may reduce or delay 
AmBD nephrotoxicity but does not affect electrolyte wasting [9, 11]. Continuous 
infusion AmBD has also recently been demonstrated to be less nephrotoxic com-
pared to a 4 h daily IV infusion [10].

Amphotericin B induced hypokalemia and hypomagnesemia can be severe and 
require close laboratory monitoring throughout therapy  – in addition to acute 
replacement with intravenous and/or oral electrolytes, scheduled oral potassium 
chloride and/or magnesium oxide supplementation is often required [9]. Amiloride 
5–10 mg PO BID can also be utilized to reduce AmBD induced potassium wasting 
but it should be discontinued with or shortly after the completion of amphotericin B 
therapy to avoid hyperkalemia as the renal tubules recover [12].

 Lipid Formulations of Amphotericin B

Three lipid formulations of amphotericin B were developed to reduce toxicity of 
this agent while preserving its efficacy: Amphotericin B Lipid Complex (Abelcet, 
ABLC) FDA approved in 1995, Amphotericin B Cholesterol Sulfate or AmB 
Colloidal Dispersion (Amphotec, ABCD) FDA approved in 1996, and Liposomal 
Amphotericin B (Ambisome, L-AmB) FDA approved in 1997 [2].

The lipid formulations were primarily designed to reduce nephrotoxicity and, as 
expected, all 3 agents have been demonstrated to be less nephrotoxic than AmBD 
[2, 13].. A randomized, double-blind comparative trial in patients with persistent 

Antifungal Medications in Neutropenia



122

 Amphotericin B Dosing Recommendations

Amphotericin B Deoxycholate (Fungizone) – use actual body weight for dosing in obese  
patients [17]
Aspergillosis 1–1.5 mg/kg IV Q24H
Blastomycosis 0.7–1 mg/kg IV Q24H, total dose  

of 2–2.5 g
Candida esophagitis 0.3–0.7 mg/kg IV Q24H
Candidemia or Disseminated Candidasis 0.7–1 mg/kg IV Q24H
Coccidioidomycosis 0.5–0.7 mg/kg IVQ24H, total dose  

7–20 mg/kg
Cryptococcal meningitis 0.7 mg/kg IV Q24H in combination  

with flucytosine for a minimum of 2 weeks  
and CSF is sterile, then fluconazole

Histoplamsosis 0.7–1 mg/kg IV Q24H
Mucormycosis 1–1.5 mg/kg IV Q24H, total dose  

of 30–40 mg/kg

neutropenic fever by Wingard and colleagues compared ABLC to two doses of 
L-AmB and demonstrated reduced risk for nephrotoxicity in the L-Amb group 
(14.1% and 14.8% vs. 42.3%, P < 0.01) [14].

Adverse infusion reactions vary by amphotericin B formulation [13]. ABCD has 
a higher incidence of rate of infusion reactions than AmBD: including chills (53% 
vs 30%) and fever (27% vs 16%) [15]. Wingard and colleagues demonstrated that 
L-Amb exhibited a lower rate of chills and rigors than ABLC (18.8% and 23.5% vs 
79.5%) on day 1 [14]. While L-Amb appears to have the lowest incidence of 
infusion- related reactions among the amphotericin B formulations, a minority of 
patients may experience an atypical hyper-acute and often very dramatic infusion 
reaction to L-Amb involving one or more of the following adverse effects: “ [1] 
chest pain, dyspnea, and hypoxia [2]; severe abdomen, flank, or leg pain; and/or [3] 
flushing and urticaria” [16]. In these rare cases of atypical L-Amb infusion reac-
tions, stop the infusion immediately and consider intravenous diphenhydramine. 
For future doses, high dose intravenous diphenhydramine (up to 1 mg/kg) has been 
added to pre-medications prior to subsequent doses [16] or, in our experience, many 
of these patients can tolerate ABLC with aggressive pre-medication and initially 
reduced rate of infusion.

Due to their superior safety profile and equivalent efficacy, lipid formulations of 
amphotericin B are preferred over AmBD [2, 13] in the treatment of invasive fungal 
infections in neutropenic cancer patients. A direct comparison of continuous infu-
sion AmBD to a lipid formulation could be of value.
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Amphotericin B Lipid Complex (Abelcet) – consider ideal body weight for dosing  
in obese patients [16]
Invasive Fungal Infections 5 mg/kg IV Q24H
Liposomal Amphotericin B (Ambisome) – consider ideal body weight for dosing  
in obese patients [16]
Aspergillosis 3 mg/kg IV Q24H [18] (3 mg/kd/day  

with same efficacy, less toxicity than  
10 mg/kg/day for first 2 weeks  
of therapy) [18]

Candidemia 3–5 mg/kg IV Q24H
Fusariosis/Mucormycosis 5 mg/kg IV Q24H, higher doses  

of 10–15 mg/kg/day have been used  
in refractory infections

Persistent neutropenic fever 3 mg/kg IV Q24H, up to 5 mg/kg IV  
Q24H

Antifungal prophylaxis in high risk 1 mg/kg IV Q24H [19] or 10 mg/kg IV  
(over 2 h) weekly [20] or

Neutropenics intolerant to other options 15 mg/kg IV (over 6 h) every other  
week [21]

Antifungal prophylaxis to reduce the risk 12.5 mg over 30 min via nebulizer
Of Invasive Pulmonary Aspergillosis On 2 consecutive days per week [22]

 Nystatin

Structure of nystatin [23]
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Nystatin (Mycostatin), like amphotericin B, is a polyene antifungal agent which 
was discovered in 1950 [24]. The antifungal spectrum of nystatin is comparable, but 
not identical, to that of amphotericin B [24]. Strains of Candida albicans have been 
identified that are much more susceptible to nystatin than amphotericin B [24]. 
Nystatin may also exhibit activity against Candida glabrata, Candida krusei, 
Geotrichum, and Beauvaria which are amphotericin B resistant [24].

Intravenous nystatin was initially investigated for the treatment of invasive fun-
gal infections but it was never FDA approved due to excessive toxicities including 
venous sclerosis as well as intolerable infusion related infusions such as severe 
fever, rigors, and malaise [24]. A liposomal formulation of nystatin, with the goal of 
reducing toxicity, has been studied in phase 1 and 2 studies primarily [24]. Offner 
and colleagues studied the use of liposomal nystatin in 26 patients with invasive 
aspergillosis who either could not tolerate amphotericin B or whose infection was 
refractory to amphotericin B [25]. In this trial of high risk patients, the overall 
response rate was 28% with 68% overall mortality and a high incidence (67%) of 
infusion related reactions which lead to discontinuation in 2 patients [25]. 
Nephrotoxicity and hypokalemia were manageable in this study [25]. Liposomal 
nystatin has to date not been submitted to the FDA for review and remains unavail-
able outside of clinical trials.

Due to lack of significant bioavailability, nystatin can be safely administered 
swish-and-swallow for the treatment of oral candidiasis or topically for the manage-
ment of cutaneous and vaginal fungal infections, predominantly for candidiasis 
[24].

Nystatin dosing [26]
Thrush 500,000–1,000,000 units (5–10 mL) in mouth 35× per day

Half of suspension in left side of mouth, swish as long as  
possible before swallowing, then repeat in right side of mouth.

Cutaneous candidiasis Apply cream, ointment, or powder to affected areas BID
Vaginal candidiasis 1 vaginal tablet (100,000 units) daily for 2 weeks

 Flucytosine

Structure of flucytosine [27]
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Flucytosine (Ancobon, FC) has been available as 250 mg and 500 mg capsules 
for oral administration since 1968 [28, 29]. Currently FC is the only antimetabolite 
agent with antifungal activity. Flucytosine inhibits fungal protein synthesis by 
replacing uracil with 5-flourouracil (5-FU) in fungal RNA as well as inhibiting thy-
midylate synthetase via 5- fluorodeoxy-uridine monophosphatase which interferes 
with fungal DNA synthesis [28, 29].

 Flucytosine Antifungal Spectrum of Activity

Flucytosine’s activity against yeasts include Candida (except for Candida krusei) 
and Cryptococcus [29]. Flucytosine is recommended to be used in combination 
with amphotericin B (either conventional or lipid formulations) for the treatment of 
Cryptococcal meningitis due to the enhanced rate of CSF clearance as well as 
improved survival compared to amphotericin B plus fluconazole 800 mg/day [30]. 
Flucytosine has been used in combination with amphotericin B or fluconazole in 
patients with refractory invasive Candida infections despite lack of randomized 
clinical trial data to support this indication [29]. The 2016 Infectious Disease 
Society of America (IDSA) Candidiasis guidelines note that flucytosine in combina-
tion with amphotericin B may be considered for CNS infections, endocarditis, and 
endopthalmitis [31]. Flucytosine is typically not recommended as monotherapy for 
invasive yeast infections due to baseline resistance in 7–8% of Candida species and 
rapid induction of resistance [29]. Flucytosine monotherapy may be considered as 
an option for the treatment of fluconazole-resistant Candida glabrata urinary tract 
infections given the high concentrations achieved in the urinary tract with this 
renally cleared antifungal agent [29, 31].

Flucytosine has in vitro activity against Aspergillus species and had been utilized 
in the pre-echinocandin era as part of combination therapy for refractory cases of 
aspergillosis despite lack of data to support this practice [29]. Flucytosine is not, 
however, mentioned in the 2016 IDSA Aspergillosis guidelines [32].

 Flucytosine Adverse Reactions and Financial Toxicity

As may be expected for a pro-drug of the cytotoxic cancer agent 5-fluorouracil, 
flucytosine’s most clinically significant adverse effect is myelosuppression [29]. 
Flucytosine drug induced neutropenia and thrombocytopenia more so than anemia 
is typically observed within the first 2 weeks of therapy in 27% of patients and is 
usually associated with FC serum concentrations >100 mg/L [29].

Hepatotoxicity may be a significant complication of FC therapy and has been 
reported to occur in up to 41% of patients [29]. Most commonly this consists of 
reversible elevated transaminases and alkaline phosphatase [29]. Hyperbilirubinemia 
is less common than transaminitis and there have been 2 cases of life-threatening 
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liver necrosis attributed to FC [29]. It may be possible to reduce the incidence of FC 
induced hepatotoxicity by avoiding peak FC concentrations above 100 mg/L [29].

Gastrointestinal side effects such as nausea and diarrhea more so than vomiting 
and abdominal pain can occur in approximately 6% of patients receiving FC [29].

Unfortunately, the exorbitant cost of flucytosine in the United States is worthy of 
mention. In 2009, Valeant Pharmaceuticals acutely increased the price of flucyto-
sine to the extent that a 2 week course of FC costs approximately $28,000 for FC 
alone whereas the cost in the United Kingdom is one-tenth of this price [33]. While 
this has resulted in enhanced scrutiny of FC utilization in the United States, even at 
this inflated price the combination of amphotericin B plus flucytosine may be cost- 
effective for the treatment of Cryptococcal meningitis given superior efficacy com-
pared to amphotericin B plus high dose fluconazole [33].

 Flucytosine Dosing [28, 34] & Therapeutic Drug Monitoring 
[29, 34]

Dose by ideal body weight in obese patients [34]
Creatinine Clearance Dose
>40 ml/min: 25 mg/kg PO Q6H
20–40 ml/min 25 mg/kg PO Q12H
10–19 ml/min 25 mg/kg PO Q24H
<10 ml 25 mg/kg PO Q48H
Hemodialysis 25–50 mg/kg Q48-72H, dose  

after HD on HD days
Goal peak of 30–80 mg/L to be obtained 2 h post dose after 3–5 days of therapy [34].
Alternative recommendation: peak 50–100 mg/L with trough 25–50 mg/L [29].

 Azole Antifungals

Commonly utilized systemic azole antifungal agents used in the neutropenic patient 
population include fluconazole, voriconazole, posaconazole, and isavuconazonium 
sulfate. Azole antifungals impair the synthesis of ergosterol, a vital component in 
the fungal cell membrane which is analogous to cholesterol in the mammalian cell 
membrane [35]. This is accomplished by inhibition of 14α-sterol demethylase 
which is a cytochrome p450 (CYP450) enzyme – this also explains why CYP450 
based drug interactions are so common with these agents [35].
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 Fluconazole

Structure of Fluconazole [36]

 

Fluconazole (Diflucan) demonstrates activity against the vast majority of 
Candida albicans, Candida keyfr, Candida dublinensis, Candida tropicalis, Candida 
parapsilosis, Candida guillermondii, and Candida lusitaniae [31]. Fluconazole may 
demonstrate reduced activity against specific strains of Candida glabrata due to 
their propensity to produce efflux pumps to expel azole antifungals [31]. Depending 
on the efficacy and density of these efflux pumps, higher doses of fluconazole may 
be an option [31]. Candida krusei is intrinsically resistant to fluconazole [31].

Fluconazole is highly active against Cryptococcus allowing for its use for main-
tenance and secondary prophylaxis in the treatment of cryptococcal meningitis [37]. 
Fluconazole has also been used first-line for mild to moderate pulmonary crypto-
coccosis and other single sites of infection in the absence of meningitis or crypto-
coccemia [37].

Fluconazole is generally well tolerated but patients should be monitored for rare 
cases of hepatotoxicity [38] and QTc prolongation especially in combination with 
other QTc prolonging drugs including fluoroquinolones [38].

Fluconazole demonstrates excellent bioavailability and therefore the oral route 
should be utilized unless the patient is unable to tolerate oral medications, such as 
severe mucositis, or has an active NPO order [31]. Unlike the other azole antifungal 
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agents, fluconazole is renally eliminated which also allows for achievement of urine 
concentrations 10–20 times the serum concentration [31]. Fluconazole also has the 
best distribution of the triazoles into the cerebrospinal fluid (CSF) and vitreous fluid 
with greater than 70% penetration [31].

Fluconazole is considered a mild to moderate inhibitor of CYP450 3A4, 2C9, 
and 2C19 [39]. Since fluconazole can be administered over a wide range of dos-
ing, please be aware that higher fluconazole doses can result in more clinically 
significant drug interactions. Examples of agents with potentially clinically sig-
nificant fluconazole drug interactions include astemizole, certain benzodiazepines 
(alprazolam, diazepam, midazolam, triazolam), cisapride, clopidogrel, cyclospo-
rine, fentanyl, ifosfamide, lovastatin, oral hypoglycemics, phenytoin, rifabutin, 
rifampin, simvastatin, sirolimus, tacrolimus, terfenadine, tyrosine kinase inhibi-
tors, and warfarin [40].

Fluconazole dosing – consider adjusted body weight for dosing in obese patients [40]

Candidemia Loading Dose 800 mg  

(12 mg/kg) PO/IV ×1

Maintenance Dose 400 mg  

(6 mg/kg) PO/IV Q24H

Central Nervous System/Infective  

Endocarditis

400 (6 mg/kg) to 800 mg (12 mg/kg) PO/IV Q24H

Candida glabrata infection 800 mg (12 mg/kg) PO/IV Q24H

(Sensitive dose-dependent, SDD)

Oropharyngeal 100–200 mg PO/IV Q24H

Antifungal prophylaxis 200–400 mg PO/IV Q24H

Renal adjustment CrCl <50 ml/min Reduce MD by 50%

Hemodialysis 100% of dose after  

each HD session
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 Voriconazole

Structure of Voriconazole [39]

 

Voriconazole (Vfend) demonstrates similar activity against yeasts compared to 
fluconazole except that it maintains activity versus Candida krusei and may be uti-
lized once susceptibility data has been verified as an oral option for the treatment of 
fluconazole-resistant, voriconazole-sensitive Candida glabrata infections [31]. 
Voriconazole is FDA approved for the treatment of esophageal candidiasis as well 
as candidemia and disseminated candidiasis in the skin, abdomen, kidney, bladder 
wall, and wounds in non-neutropenic patients [31]. Neutropenic patients were 
excluded from the clinical trial which lead to FDA approval for this indication [41].

Voriconazole has significantly broader antifungal activity than its parent com-
pound fluconazole. Voriconazole is FDA approved for the treatment of invasive 
aspergillosis and is considered to be the drug of choice for this indication due to 
lower mortality rates compared to patients randomized to conventional amphoteri-
cin B [32]. Voriconazole is also FDA approved for the treatment of invasive fungal 
infections caused by Scedosporium apiospermum and Fusarium in patients intoler-
ant of, or refractory to other therapy [41]. Aspergillus ustus, which requires ampho-
tericin B therapy, has been reported to cause infections in stem cell transplants 
receiving voriconazole prophylaxis [42]. In clinical practice, voriconazole is typi-
cally considered the drug of choice for Scedosporium apiospermum given superior 
activity compared to amphotericin products [43]. Voriconazole is often used in com-
bination with other potentially active agents such as lipid formulations of 
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 amphotericin B or terbinafine for the treatment of Fusariosis in this high risk patient 
population [8], at least until antifungal susceptibility results are back. Unfortunately 
voriconazole resistant Fusarium is being increasingly reported [8].

Voriconazole lacks activity against mucormycosis and must not be used to treat 
these life-threatening invasive fungal infections [44].

Voriconazole can cause adverse reactions commonly associated with most of the 
other azole fungals such as hepatotoxicity, rash, and QTc prolongation [41, 45]. But 
voriconazole exhibits additional side effects that are more unique. Voriconazole can 
cause visual disturbances such as blurred vision or color perception issues in up to 
30% of patients, typically occurring approximately 30 min after a dose and lasting 
for up to 30 min – “The Rule of 30” [41, 45]. The site of this usually manageable 
toxicity is the retina and it has been demonstrated via electroretinography to be 
reversible following discontinuation [41, 45]. Voriconazole prescribing information 
recommends that patients not drive when their vision is affected or at night [41]. 
This needs to be distinguished from central nervous system toxicity (hallucinations 
and encephalopathy) which occurs in 4.3% of patients [41, 45] and can range from 
vivid dreams to elaborate visual hallucinations which can be upsetting to patients 
especially if they are not forewarned about this possibility. Risk for encephalopathy 
and hallucinations are associated with elevated trough concentrations greater than 
5.5 mg/L [45, 46]. Voriconazole is unlike the other azole fungals in that it is a pho-
tosensitizer which can result in sunburn-like rashes in 2% of patients and with pro-
longed utilization, it has been reported to increase the risk of cutaneous squamous 
cell carcinoma or melanoma [45, 47]. Patients taking voriconazole should limit their 
exposure to sunlight and use UVA and UVB SPF30+ sunscreen and seek medical 
attention promptly for new skin lesions. Patients receiving prolonged voriconazole 
therapy may also experience musculoskeletal pain due to fluorosis and periositis 
[48]. This has not been associated with other triazole antifungals likely because 
voriconazole contains 3 fluoride ions per molecule compared to 2 in posaconazole, 
for example [48].

Voriconazole exhibits excellent bioavailability if separated from meals [41] or 
enteral feedings [49] by at least 1 h. Voriconazole achieves extensive tissue distribu-
tion [41] and achieves clinically significant (>50% penetration) CSF and vitreous 
concentrations [31]. Voriconazole, unlike fluconazole, does not accumulate in the 
urine and should not be used for Candida urinary tract infections [31].

Voriconazole exhibits substantial variation in hepatic metabolism which inacti-
vates voriconazole primarily via CYP2C19, but also to a lesser extent CYP2C9 and 
CYP3A4 enzymes [41]. Voriconazole metabolism can demonstrate non-linearity 
which means that a 50% dose increase can result in a serum concentration increase 
ranging from 0.4 to 7.7 fold [50].

Genetic polymorphisms in CYP2C19 metabolism appear to represent 30–50% of 
the inter-patient variability in voriconazole clearance [50]. We are currently evaluat-
ing the impact of increasing voriconazole starting dose in rapid CYP2C19 metabo-
lizers and avoiding voriconazole in ultra-rapid CYP2C19 metabolizers [45]. 
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Voriconazole metabolism can be induced by agents such as phenytoin, rifabutin, 
and rifampin resulting in reduced levels or inhibited by omeprazole resulting in 
increased levels [41].

Voriconazole is a potent inhibitor of CYP3A4, CYP 2C9, and CYP2C19 which 
can lead to multiple drug interactions including, but not limited to, the following 
agents: alprazolam, amlodipine, astemizole, atazanavir, cisapride, clopidogrel, 
cyclosporine, diazepam, diltiazem, efavirenz, etravirine, felodipine, fentanyl, 
fosamprenavir, lovastatin, marviroc, midazolam, neviraprine, nifedipine, nisoldip-
ine, omeprazole, oral hypoglycemics, oxycodone, phenytoin, ranolazine, 
rifabutin,ritonavir, simvastatin, sirolimus, tacrolimus, terfenadine, verapamil, vin-
blastine, vincristine, and warfarin [45].

Voriconazole dosing – consider adjusted body weight in obese patients [45, 51]

Invasive Fungal Infections Loading Doses: 6 mg/kg PO/IV BID ×2 doses

(Aspergillosis, Candidiasis,  

Fusariosis, Scediosporosis, etc.)

OR 400 mg PO/IV BID ×2 doses

Maintenance Doses: 3–4 mg/kg PO/IV BID

OR 200 mg to 300 mg PO BID

Goal trough of 1–5.5 mg/L or random level of 2–6 mg/L to be obtained after 5–7 days [46, 52].

Renal dysfunction Renal insufficiency has no effect on voriconazole  

elimination [41]

Intravenous voriconazole contains a cyclodextrin solubilizing agent which may 
accumulate in patients with renal insufficiency [41]. As a result, the prescribing 
information recommends to avoid intravenous voriconazole in patients with creati-
nine clearance less than 50 ml/min if possible [41]. This is, however, a theoretical 
concern and no increase in rates of nephrotoxicity, hepatoxicity, or other adverse 
effects have been observed in the literature to date despite seven separate retrospec-
tive studies [53].

Hepatic dysfunction: Child-Pugh score-based maintenance dose  
recommendations are found in the voriconazole  
prescribing information [41]:

Child Pugh Score A-B: Reduce voriconazole maintenance dose by 50%
Child Pugh Score C: Dose reduction required, but no data to guide  

by how much.

Many neutropenic cancer patients experience acute hepatic dysfunction as a 
result of their underlying malignancy, cytotoxic chemotherapy, or other medications 
and Child Pugh score has not been validated in this patient population. Therapeutic 
drug monitoring can be very helpful in this scenario.
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 Posaconazole

Structure of Posaconazole [54]

 

Posaconazole (Noxafil) exhibits a spectrum of activity similar to voriconazole 
with the notable addition of mucromycosis activity [55]. Posaconazole is FDA 
approved for prevention and treatment of aspergillosis and candidiasis in high risk 
patients (MDS/AML receiving induction chemotherapy, allogeneic stem cell trans-
plant recipients with graft-versus-host disease requiring high dose corticosteroids) 
[56]. Posaconazole has been utilized as salvage therapy for invasive fungal infec-
tions, especially against aspergillosis and mucormycosis, but the quantity and qual-
ity of this data is limited and based on the use of the original and suboptimal oral 
liquid formulation [57, 58].

One advantage that posaconazole can claim over voriconazole is tolerability. 
Posaconazole exhibits an adverse reaction profile comparable to fluconazole there-
fore patients need only be monitored for hepatotoxicity, QTc prolongation, and rash 
[59]. Intravenous posaconazole can also cause phlebitis with multiple doses via 
peripheral vein administration, which is why it is not recommended to give more 
than one dose prior to central line placement [56].

Posaconazole was originally FDA approved in 2006 only as an oral suspension 
with 200 mg/5 mL concentration [56]. Posaconazole oral suspension needs to be 
taken with a meal, ideally a fatty meal, or an enteral feeding such as Boost Plus to 
increase absorption [56]. Posaconazole is also dependent upon gastric pH to 
achieve adequate absorption which is why it should not be taken concurrently 
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with proton pump inhibitors and why concurrent acidic ginger ale and/or ascorbic 
acid can increase absorption [56, 60]. This formulation also exhibits saturable 
absorption which is why the drug was given as 200 mg/5 mL by mouth 3–4 times 
per day despite a half-life of greater than 24  h [56–60]. The FDA approval of 
posaconazole delayed release tablets and an intravenous formulation with a cyclo-
dextrin solubilizing agent eliminated the requirements for low gastric pH and con-
current food intake and thereby greatly improved the pharmacokinetic profile of 
posaconazole [56].

Posconazole has excellent distribution although its CSF penetration appears to 
be inferior to fluconazole and voriconazole [55, 56]. Posaconazole is primarily 
metabolized by UDP-glucoronidation and has no major oxidative, CYP450- 
mediated metabolites [55, 56]. Posaconazole metabolism can be induced by efavi-
renz, phenytoin, rifabutin, and rifampin resulting in subtherapeutic concentrations 
[55, 56]. Posaconazole is a strong inhibitor of CYP450 3A4 specifically and unlike 
fluconazole and voriconazole does not significantly impact on CYP450 2C9 or 
2C19 metabolism [4, 5, 55, 56]. This results in nearly as many drug interactions as 
voriconazole which include but are not limited to the following: alprazolam, amio-
darone, amlodipine, astemizole, cisapride, cyclosporine, diazepam, diltiazem, 
dofetilide, ergot alkaloids, felodipine, irinotecan, lovastatin, midazolam, maraviroc, 
nifedipine, nisolidipine, oral hypglycemics, ritonavir, sildenafil, simvastatin, siroli-
mus, tacrolimus, tadalafil, terfenadine, triazolam, vardenafil, verapamil, vinblastine, 
and vincristine [55, 56, 59].

Posaconazole dosing [56, 59, 60]
Posaconazole delayed release 100 mg tablets
  Take 3 tablets (300 mg) by mouth twice per day on Day 1
  Do not omit loading doses, required to rapidly achieve therapeutic concentrations
  Then take 3 tablets (300 mg) by mouth daily starting on Day 2
Posconazole intravenous: 300 mg IV Q12H ×2 doses then 300 mg IV Q24H
  To be administered via central line to reduce risk of phlebitis with multiple doses
Posaconazole 200 mg/5 mL oral suspension is inferior from a pharmacokinetic  
standpoint – recommend use of newer formulations if possible.
Prophylaxis: 200 mg/5 mL PO TID with meals  

or 1 can Boost plus or Ensure plus
Treatment [57, 58]: 200 mg/5 mL PO QID with meals  

of 1 can Boost plus or Ensure plus
400 mg/10 mL PO BID with meals  
or 1 can Boost plus or Ensure plus at discharge

Consider use of a “posconazole bundle” [60] to maximum absorption:
  Ascorbic acid 250–500 mg PO with each posaconazole dose in addition  

to acidic beverage, and heavy snack /meal/nutritional supplement.  
No concurrent proton pump inhibitors.
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Renal dysfunction: No impact on posaconazole clearance [56]
Due to potential for cyclodextrin accumulation,  
the prescribing information discourages use  
of IV posaconazole in patients  
with CrCl <50 mL/min [56] – note  
that is a theoretical concern and based on data  
with IV voriconazole [53], the risk of increased  
toxicity in patients with renal impairment  
is probably minor.

Hepatic dysfunction: No dose adjustment is recommended [56]

 Isavuconazonium Sulfate

Structure of isavuconazonium sulfate [61], pro-drug of isavuconazole
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Structure of isavuconazole [62], the active antifungal agent

 

Isavuconazonium sulfate (Cresemba) is a water-soluble pro-drug for isavucon-
azole (ISV), which exhibits a spectrum of activity very similar to posaconazole 
[63]. Cresemba was FDA approved for the treatment of invasive aspergillosis and 
invasive mucormycosis on March 6, 2015 [64]. Phase II clinical trial data is avail-
able in the setting of antifungal prophylaxis in neutropenic acute leukemics [65] and 
treatment of esophageal candidiasis [66].

Cresemba is generally well tolerated and with similar adverse reaction profile to 
fluconazole or posaconazole [63] and exhibited a slightly lower incidence and 
severity of ocular toxicity and hepatotoxicity than voriconazole in a randomized 
trial for aspergillosis [67]. Unlike the other azoles, isavuconazole does not cause 
QTc prolongation and actually displays a modest QTc shortening effect [63, 64].

Isavuconazonium sulfate is rapidly cleaved to ISV following administration of 
oral capsules or intravenously, which is why there is no need for a cyclodextrin solu-
bilizing agent [ 63, 64]. Isavuconazonium sulfate may also be prematurely con-
verted to ISV if the product is shaken or sent via a pneumomatic tube system [63, 
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64]. Cresemba exhibits excellent oral absorption which is not affected by concur-
rent oral intake or gastric pH [63, 64]. Isavuconazole displays a large volume of 
distribution, is highly protein bound, and has a prolonged half-life of greater than 
100 h [63]. Given the extremely long half-life, the use of the recommended loading 
doses is critical – without loading, it can take weeks to reach the therapeutic steady 
state concentration [63]. Isavuconazole should not be used to treat fungal urinary 
tract infections due to poor urinary penetration [63]. Data is lacking on central ner-
vous penetration – distribution into the brain parenchyma is likely to be superior to 
penetration into cerebrospinal fluids [68].

Isavuconazole is primarily metabolized by CYP 3A4 [63]. Concurrent strong 
CYP 3A4 inducers such as rifampin, carbamazepine, St. John’s wort, or barbiturates 
are contraindicated due to high probability of resulting in subtherapeutic ISV con-
centrations [63]. Concurrent strong 3A4 inhibitors such as high dose ritonavir 
(400 mg PO BID) and ketoconazole are not advised due to potential for suprathera-
peutic ISV concentrations [63].

Isavuconazole is a mild to moderate inhibitor of CYP 3A4 [68] which can be 
beneficial in patients receiving essential medications that are 3A4 substrates if 
the only other alternatives would be strong CYP 3A4 inhibitors such as voricon-
azole and posaconazole. Nonetheless, isavuconazole can result in multiple drug 
interactions including, but not limited to atorvastatin, buproprion, cyclosporine, 
digoxin, lopinavir-ritonavir, midazolam, mycophenolate mofetil, sirolimus, and 
tacrolimus [63].

Isavuconazonium sulfate dosing [ [63]]
NOTE: Cresemba (isavuconazonium sulfate) is available in 186 mg capsules  
or 372 mg vials for IV use.
Isavuconazonium sulfate 372 mg = Isavuconazole 200 mg
Cresemba 186 mg #2 (372 mg) PO Q8H ×2 days (6 doses)  
then 186 mg #2 (372 mg) PO Daily
Cresemba 372 mg IVPB Q8H ×2 days (6 doses) then 372 mg IVPB Q24H
In clinical trials, the maintenance dosing started 12–24 h after the last loading dose
Do not omit loading doses, required to achieve therapeutic  
concentrations in timely manner
Swallow capsules whole – do not chew, crush, dissolve, or open the capsules
Renal dysfunction: No dose adjustment
Hepatic dysfunction: No dose adjustment required for Child  

Pugh Class A and B
No recommendation for Child Pugh Class C
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 Echinocandin Antifungals

Structure of caspofungin acetate [69]

 

Antifungal Medications in Neutropenia



138

Structure of micafungin [70]
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Structure of anidulafungin [71]

 

There are currently three FDA approved echinocandin antifungal agents: 
Caspofungin acetate (Cancidas) approved in 2001 [72], Micafungin (Mycamine) 
approved in 2005 [73], and Anidulafungin (Eraxis) approved in 2006 [74, 75].

The echinocandin antifungals inhibit the synthesis of β-1,3-D-glucan which is an 
essential component in the fungal cell wall [72–75]. The excellent tolerability of 
this antifungal class is likely due in part to the fact that there is no mammalian 
analogous structure to β-1,3-D-glucan unlike ergosterol and cholesterol in the fun-
gal and mammalian cell membranes that are involved in the mechanisms of action 
of both amphotericin B and azole antifungals.

The echinocandins all display fungicidal activity against most Candida species 
and are considered to be the initial treatment of choice for candidemia [31, 76]. 
Candida parapsilosis intrinsically exhibits higher echinocandin MICs than other 
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Candida strains and azole antifungals may be preferred over echinocandins for this 
species [31]. While echinocandins are typically considered to be the initial  treatment 
of choice for invasive Candida glabrata infections [31], the incidence of 
echinocandin- resistant Candida glabrata appears to be on the rise likely due to over-
use of these agents [77]. While echinocandins have been proposed as the preferred 
treatment for Candida auris, echinocandin-resistant strains have been reported in 
addition to those with azole-resistance and/or amphotericin B resistance [7].

Unfortunately, echinocandins only exhibit fungistatic activity against Aspergillus 
[76]. As a result, echinocandin monotherapy is not recommended for the primary 
treatment of invasive aspergillosis, but only for salvage therapy [32]. Combination 
therapy of echinocandins with either azole antifungals or amphotericin B formula-
tions have been proposed but are not recommended in the 2016 Aspergillus IDSA 
guidelines [32]. A randomized clinical trial comparing voriconazole monotherapy 
to voriconazole and anidulafungin for invasive aspergillosis failed to demonstrate a 
statistically significant mortality difference between monotherapy and combination 
therapy [78]. Post-hoc analysis suggested that galactomannan positivity might iden-
tify a patient population that could benefit from combination therapy [78]. Asperillus 
ustus infections have been reported to break through echinocandin prophylaxis in 
stem cell transplant recipients [42].

The echinocandin antifungals as a class are usually very well tolerated [76]. 
Hepatotoxicity has been reported but appears to be less common than seen with 
either amphotericin B formulations or voriconazole [79]. Histamine-mediated infu-
sion reactions have been rarely reported [72–75]. Case reports in critically ill 
patients and animal studies have suggested that the echinocandins may impair left 
ventricular function in critically ill patients, but further research is needed regarding 
the incidence and clinically significance of this proposed toxicity [80].

The echinocandin antifungals must be administered intravenously due to insig-
nificant oral bioavailability [72–76]. The echinocandins are all highly protein bound 
mostly to albumin and distribute well in clinically relevant human tissues with the 
exception of the central nervous system and urinary tract [31, 72–76]. Caspofungin 
acetate is either metabolized by hydrolysis or N-acetylation or spontaneously 
degrades to an inactive open-ring formulation [72]. Caspofungin acetate does 
require a loading dose of 70  mg to rapidly achieve target concentration [72]. 
Caspofungin acetate dose reduction to 35 mg/day is recommended in patients with 
moderate liver dysfunction (Child-Pugh score B) and the prescribing information 
states that inadequate data exists in patients with severe liver dysfunction (Child- 
Pugh score C) [72]. Micafungin metabolism is metabolized initially by arylsufatase 
and is not significantly affected by CYP3A oxidative metabolism [73]. Micafungin 
does not require a loading dose and also does not require dose modification for 
patients with mild to severe liver dysfunction (Child-Pugh score A-C) [73]. 
Anidulafungin is not significantly hepatically metabolized and instead demonstrates 
slow chemical breakdown under physiological conditions to an inactive, open-ring 
peptide [75]. Anidulafungin does require a loading dose of twice the maintenance 
dose but does not require dose modification even in the setting of severe liver dys-
function [75]. None of the echinocandins are significantly affected by renal dys-
function [72–76].
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Echinocandin drug interactions vary slightly between agents but are typically 
less problematic than those encounted with the azole antifungals. Despite the lack 
of a clinically significant pharmacokinetic drug interaction of caspofungin acetate 
with cyclosporine or tacrolimus, the combination of caspofungin acetate with cyclo-
sporine has been reported to result in increased risk of transaminitis [72]. A recent 
publication suggests that the caspofungin acetate-cyclosporine interaction is 
unlikely to cause increased risk of hepatotoxicity [81]. Caspofungin acetate metab-
olism may be increased by hepatic cytochrome inducers such as rifampin, nevirap-
ine, efavirenz, carbamazepine, dexamethasone, or phenytoin [72]. Micafungin drug 
interactions are rarely clinically important – the prescribing information notes that 
patients receiving concurrent sirolimus, nifedipine, or itraconazole should be moni-
tored for signs of toxicity and reduce the dose of the concurrent agent if necessary 
[73] although it is in fact rarely necessary. When anidulafungin was first released, 
the recommended initial diluent contained a high percentage of ethanol which cre-
ated concerns regarding possible drug interactions with metronidazole or use in 
patients with either a history of substance abuse or religious prohibitions to ethanol 
ingestion [74]. This is no longer a problem since the current prescribing information 
recommends reconstitution with either sterile water, D5W, or normal saline [75]. 
There are no known clinically relevant drug interactions with anidulafungin [75].

Caspofungin acetate dosing [73]
Caspofungin acetate 70 mg IV ×1 then 50 mg IV Q24H  
for all indications except esophageal candidiasis
For esophageal candidiasis: 50 mg IV Q24H without  

loading dose
Concurrent CYP inducers: 70 mg IV Q24H
(rifampin, nevirapine, efavirenz, carbamazepine, dexamethasone, or phenytoin)
Higher doses of caspofungin acetate (100–150 mg IV Q24H) have been utilized  
and tolerated but without evidence for clinical superiority [82].
Renal dysfunction: No dose adjustment
Hepatic dysfunction: No dose adjustment required  

for Child Pugh Class A
Child Pugh Class B: Consider 70 mg  

IV ×1 then 35 mg  
IV Q24H

Child Pugh Class C: Insufficient data
Micafungin dosing [74]
Candidemia, Acute Disseminated  
Candidiasis,

100 mg IV Q24H

Candida Peritonitis and Abscesses
Esophageal Candidiasis 150 mg IV Q24H
Prophylaxis of Candida Infections in 50 mg IV Q24H
Stem Cell Transplant Recipients
Antifungal Prophylaxis – Acute  
Leukemia or

100 mg IV Q24H [83]
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Myelodysplastic Syndrome  
after Chemotherapy (not FDA approved)
Renal dysfunction: No dose adjustment
Hepatic dysfunction: No dose adjustment
Anidulafungin dosing [76]
Candidemia and other Candida 200 mg IV ×1 then 100 mg IV Q24H
Infections (intra-abdominal, peritonitis)
Esophageal Candidiasis 100 mg IV ×1 then 50 mg IV Q24H
Combination therapy for Aspergillosis 200 mg IV ×1 then 100 mg IV Q24H [78]
(not FDA approved)
Renal dysfunction: No dose adjustment
Hepatic dysfunction: No dose adjustment
Hepatic dysfunction: No dose adjustment required  

for Child Pugh Class A and B
No recommendation for Child  
Pugh Class C

 Summary Table

Antifungal Notes

Amphotericin B Broad fungicidal activity
Resistance most common in Candida lusitaniae, Aspergillus 
terreus, Scedosporium species, and Trichosporin beigelii. 
Also reports of resistant Candida auris and Fusarium species

Amphotericin B deoxycholate
(Fungizone)

“Amphoterrible”
Tolerability limited by infusion reactions, nephrotoxicity, and 
potassium and magnesium wasting.
Premedication with hydrocortisone 50 mg PO/IV, 
acetaminophen 650 mg PO, and/or diphenhydramine 
25–50 mg PO/IV may reduce infusion reactions. Rigors can 
be treated with opioids such as hydromorphone 0.5 mg IV.
While NS 500 mL IV before and after each dose may reduce 
or delay nephrotoxicity, use of lipid formulations are safer 
from renal standpoint.
Extended infusion amphotericin B deoxycholate reported to 
cause fewer infusion reactions and nephrotoxicity.
Monitor patient closely for hypokalemia and 
hypomagnesemia. Consider scheduled oral potassium and/or 
magnesium supplementation. Amiloride 5–10 mg PO BID 
may also be utilized to reduce amphotericin associated 
hypokalemia.

Amphotericin B Colloidal 
Dispersion (ABCD) or 
Amphotericin B Cholesteryl 
Sulfate (Amphotec)

Less nephrotoxic than amphotericin B deoxycholate
Highest incidence of infusion rates of all amphotericin 
formulations.

(continued)
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Antifungal Notes

Amphotericin B Lipid Complex 
(ABLC, Abelcet)

Less nephrotoxic than amphotericin B deoxycholate
Infusion reactions comparable to amphotericin B 
deoxycholate

Liposomal Amphotericin B 
(Ambisome)

Lowest incidence of infusion reactions and nephrotoxicity of 
the amphotericin formulations
Can rarely cause acute, severe atypical infusion reactions 
which may require change to an alternative agent

Nystatin
(Mucostatin)

Comparable in vitro activity to amphotericin B but utilized 
clinically almost exclusively for oral, cutaneous, and vaginal 
candidiasis.
Intravenous liposomal nystatin may have a role in the future 
for the treatment of invasive fungal infections in neutropenic 
patients, but remains an investigational agent at this time.

Flucytosine
(Ancobon)

Active against Candida except Candida krusei, 
Cryptococcus, and Aspergillus

Used almost exclusively for treatment of Cryptococcal 
meningitis in combination with amphotericin B
Dose limiting toxicity is myelosuppression
Therapeutic drug monitoring has been proposed but long 
turn-around time prevents from this from being clinically 
useful given usual 2 week duration of therapy

Fluconazole
(Diflucan)

Active against Candida albicans, Candida keyfr, Candida 
dublinensis, Candida tropicalis, Candida parapsilosis, 
Candida guillermondii, and Candida lusitaniae. Reduced 
activity against Candida glabrata due to efflux pump 
production – high dose fluconazole may be effective against 
sensitive dose-dependent Candida glabrata

Active against Cryptococcus – used for maintenance therapy 
and secondary prophylaxis in the treatment of cryptococcal 
meningitis or first line for mild to moderate cryptococcosis
Usually well tolerated but may cause hepatotoxicity, QTc 
prolongation, and rash
Excellent bioavailability, can be used oral or IV at same 
dosing
Best azole penetration into urinary tract, central nervous 
system, and the eye
Mild to moderate inhibitor of CYP450 3A4, 2C9, and 2C19

(continued)
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Antifungal Notes

Voriconazole
(Vfend)

Activity against yeasts comparable to fluconazole but also 
usually active against Candida krusei and may be active 
against fluconazole resistant Candida glabrata. First line 
treatment of invasive aspergillosis (except for Aspergillus 
ustus) and scedosporiosis. Increasing reports of resistant 
Fusarium in clinical isolates. Not active against 
mucormycosis.
Monitor patients for hepatotoxicity, QTc prolongation, rash, 
visual disturbances, and encephalopathy including 
hallucinations
Photosensitizer – avoid prolonged sunlight exposure, cover 
up, and use high quality sunscreens of SPF30+
Long term use can result in fluorosis and periostitis
Excellent bioavailability if taken at least 1 h from food or 
enteral feedings.
Excellent distribution including clinically significant central 
nervous system and ocular penetration. Not recommended for 
urinary tract infections.
Metabolized primarily by CYP2C19 with substantial generic 
variance in metabolism
CYP2C19 genotyping may prove to be useful in determine 
initial voriconazole dose
Therapeutic drug monitoring is recommended especially in 
the treatment setting
Potent inhibitor of CYP 3A4, CYP2C9, and CYP2C19 
leading to many clinically relevant drug interactions

Posaconazole
(Noxafil)

Activity comparable to voriconazole except for addition of 
activity against mucormycosis
FDA approved for antifungal prophylaxis, not treatment other 
than for esophageal candidiasis
Tolerability comparable to fluconazole but monitor for 
hepatoxicity, QTc prolongation, and rash
Available in delayed release tablets and intravenous 
formulations which achieve more reliable concentrations than 
the original oral suspension formulation which requires 
concurrent food intake as well as acidic gastric environment 
for optimal absorption
Potent inhibitor of CYP 3A4 resulting in many clinically 
relevant drug interactions

(continued)
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Antifungal Notes

Isavuconazonium sulfate
(Cresemba)

Activity comparable to posaconazole
FDA approved for treatment of aspergillosis and 
mucormycosis
Tolerability comparable to fluconazole and posaconazole, 
monitor for hepatotoxicity and rash
Does not cause QTc prolongation, modest QTc shortening 
effect
Excellent bioavailability, available in capsules or IV 
formulation
Prolonged half-life, loading dose during first 2 days of 
therapy is essential otherwise sub-therapeutic for weeks
Distributes well into body tissues except urinary tract
Data lacking on central nervous system penetration but better 
brain parenchyma penetration than into cerebrospinal fluid
Primarily metabolized by CYP 3A4 – avoid concurrent 
potent inhibitors or inducers of CYP 3A4
Mild to moderate inhibitor of CYP 3A4 which may result in 
less significant drug interactions than voriconazole or 
posaconazole

Echinocandins
Caspofungin acetate
(Cancidas)
Micafungin(Mycamine)
Anidulafungin
(Eraxis)

Fungicidal against most Candida species, first line for 
Candidemia
Less potent against Candida parapsilosis

Case reports of echinocandin resistance in Candida glabrata 
and Candida auris

Fungistatic against Aspergillus other than Aspergillus ustus, 
which is resistant to echinocandins
Have been used in combination with amphotericin or azole 
antifungals for salvage therapy of aspergillosis but 
randomized clinical trial failed to demonstrate mortality 
benefit except perhaps in galactomannan assay positive cases
Usually very well tolerated, monitor for hepatotoxicity
Rare histaminic infusion related reactions
May impair left ventricular ejection fraction in critically ill 
patients
Limited to intravenous administration
Excellent distribution except for central nervous system and 
urinary tract
Caspofungin acetate and anidulafungin require loading dose 
on day 1 of therapy, but micafungin does not
Consider caspofungin acetate dose reduction in patients with 
moderate liver dysfunction, not required for micafungin or 
anidulafungin
Caspofungin acetate requires dose increase if given with 
enzyme inducers
Caspofungin acetate-cyclosporine drug interaction may result 
in increased incidence of transaminitis
Micafungin drug interactions with sirolimus, nifedipine, or 
itraconazole are rarely clinically significant
Anidulafungin has no known drug interactions
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Abstract During the period of neutropenia (ANC  <  500 cells/mm3) following 
cytotoxic chemotherapy and hematopoietic stem cell transplantation (HSCT) oncol-
ogy patients are at a significant risk for infections (Freifeld et al., Clin Infect Dis 
52(4):e56–e93, 2011). Patients with profound neutropenia, defined as ANC < 100 
cells/mm3 are at greatest risk with bacteremia rates reported as high as 20%, often 
with septic shock and multi-system organ failure (Freifeld et al., Clin Infect Dis 
52(4):e56–e93, 2011; Horton et al., Curr Hematol Malig Rep13:59, 2018).

A number of modalities have been evaluated to mitigate the risk of infections in 
vulnerable oncology patients with neutropenia. Among the most widely utilized has 
been the use of antimicrobial prophylaxis during the time of afebrile neutropenia. 
Recommendations for prophylaxis vary based on overall risk of infections as deter-
mined by disease state and treatment received. Low risk patients are typically those 
with solid tumors receiving standard chemotherapy with anticipated neutropenia 
less than 7 days (Freifeld et  al., Clin Infect Dis 52(4):e56–e93, 2011; National 
Comprehensive Cancer Network. Prevention and treatment of cancer-related infec-
tions (Version 1.2018). https://www.nccn.org/professionals/physician_gls/pdf/
infections.pdf. Accessed 11 Apr 2018). Such patients do not routinely require bacte-
rial, fungal or viral prophylaxis (Freifeld et al., Clin Infect Dis 52(4):e56–e93, 2011; 
National Comprehensive Cancer Network. Prevention and treatment of cancer- 
related infections (Version 1.2018). https://www.nccn.org/professionals/physician_
gls/pdf/infections.pdf. Accessed 11 Apr 2018). On the other hand patients 
undergoing HSCT or those receiving treatment for acute leukemia are considered 
high risk for infections and thus typically received bacterial, fungal and viral pro-
phylaxis (Freifeld et  al., Clin Infect Dis 52(4):e56–e93, 2011; National 
Comprehensive Cancer Network. Prevention and treatment of cancer-related infec-
tions (Version 1.2018). https://www.nccn.org/professionals/physician_gls/pdf/
infections.pdf. Accessed 11 Apr 2018).
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 Antibacterial Prophylaxis

Patients with profound neutropenia, defined as ANC < 100 cells/mm3 are at the 
greatest infectious risk, with bacteremia rates reported as high as 20%, often with 
septic shock and multi-system organ failure [1, 2]. Numerous studies, some as early 
as the 1980’s, have demonstrated that the use of prophylactic antibiotics during the 
period of neutropenia can decrease febrile episodes and documented infections [1]. 
However, more recent meta-analyses have demonstrated risk reduction in all-cause 
and infection-related mortality in high risk patients receiving fluoroquinolone pro-
phylaxis compared to placebo [4, 5].

.As a result a number of guidelines including those from American Society for 
Blood and Marrow Transplantation (ASBMT), Infectious Disease Society of 
America (IDSA), the National Comprehensive Cancer Network (NCCN), and 
European Society for Blood and Marrow Transplantation (EBMT) endorse this 
practice in high risk oncology patients with hematologic malignancies undergoing 
both induction chemotherapy and HCST [1, 3, 6, 7]. Emergence of resistance to 
fluoroquinolones, concern for superinfections with Clostridium difficile and altera-
tion in the microbiome have brought this practice to question.

 Who [1, 3, 6, 7]

High risk patients

• Anticipated prolonged profound neutropenia (ANC ≤ 100 cells/mm3 for >7 days)
• Anticipated prolonged neutropenia (ANC ≤ 500 cells/mm3 for >10 days)
• Allogeneic HSCT
• Acute leukemia

 – Induction
 – Consolidation/maintenance

 What [1, 3, 8]

• Fluoroquinolone

 – Ciprofloxacin 500 mg PO/IV BID
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 – Levofloxacin 500 mg PO/IV Daily

• Preferred when additional viridans group streptococcal coverage 
indicated

• Oral third generation cephalosporin

 – Patients not able to receive a fluoroquinolone (i.e. intolerance, drug interac-
tions, resistance)

 When [1, 3, 6, 7]

• Start of neutropenia

 – Some protocols will start at time of chemotherapy

• Continue until resolution of neutropenia

 Antifungal Prophylaxis

Neutropenic oncology patients are at risk of fungal infections, both from yeast and 
mold. Similar to antibacterial prophylaxis, primary antifungal prophylaxis will be 
guided by patient’s risk for developing such infections. Patients with solid tumors 
and anticipated neutropenia duration of less than 7 days are considered low risk for 
fungal infections and routinely do not receive antifungal prophylaxis [3]. Widespread 
use of antifungal prophylaxis with fluconazole has been linked to increasing rates of 
infections with fluconazole resistant yeasts and therefore is only recommended in 
oncology patients with invasive Candida infection rates of 6–10% [1]. Patients who 
fall into this category are those with acute leukemia and oral or gastrointestinal 
mucositis secondary to chemotherapy, pre-engraftment allogeneic HSCT recipients 
and autologous HSCT recipients with mucositis [1, 3].

Similar to anti-Candida prophylaxis, the need for prophylaxis against Aspergillus 
varies according to patient’s disease and chemotherapy used for treatment of the 
disease [1]. In general patients with a baseline risk of greater than 6% for invasive 
aspergillosis appear to benefit from primary prophylaxis with a mold active agent [1]. 
This includes patients with acute myeloid leukemia (AML) receiving induction che-
motherapy and patients with advanced myelodysplastic syndromes (MDS) undergo-
ing intensive treatment [1, 3]. In allogeneic HSCT recipients prophylaxis with a mold 
active agent should be considered in patients with graft-versus-host disease (GVHD) 
on high dose steroids(≥1 mg per kg prednisone equivalent) with or without anti-
thymocyte globulin (ATG) or TNF blockade (infliximab), anticipated prolonged neu-
tropenia of 2 weeks or greater or those with longstanding neutropenia immediately 
prior to HSCT [1, 3, 7, 9]. For details on specific agents and secondary antifungal 
prophylaxis please refer to chapter on antifungals and invasive fungal infections.
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Pneumocystis jiroveci (PCP) is a life-threatening fungal infection that affects 
immunocompromised oncology and non-oncology patients. Patients with hemato-
logic malignancies and those undergoing a HSCT are at greatest risk [3, 10]. 
Prophylaxis has been recommended in patients with baseline risk of PCP greater 
than or equal to 6.2%, with a number needed to treat is 19 to prevent a singe case of 
PCP [11]. This includes patients with acute lymphoblastic leukemia (ALL), alloge-
neic HSCT recipients, patients receiving alemtuzumab, corticosteroids (≥20 mg per 
day prednisone or equivalent for ≥4 weeks), purine analog therapy (fludarabine) 
and temozolomide in combination with radiation therapy [3, 7, 10].

 Who [1, 3, 7, 9, 10]

• Yeast

 – Acute leukemia
 – Allogeneic HSCT

• Pre-engraftment phase

 – Autologous HSCT recipients with mucositis

• Pre-engraftment phase

• Mold

 – AML

• Induction

 – Allogeneic HSCT

• Graft-versus-host disease (GVHD)

• On high doses of steroids (≥1 mg per kg prednisone equivalent)

• Anticipated prolonged neutropenia of 2 weeks or greater
• Longstanding neutropenia immediately prior to HSCT

• PCP

 – ALL
 – Alemtuzumab
 – Allogeneic HSCT recipients
 – Corticosteroids (≥20 mg per day prednisone or equivalent for ≥4 weeks)
 – Purine analog therapy (fludarabine)
 – Temozolomide + radiation therapy

Y. Pasikhova



155

 What [1, 3, 7, 10, 12]

• Yeast

 – Fluconazole 200–400 mg PO/IV Daily
 – Micafungin 50–100 mg IV Daily
 – Amphotericin B products

• Mold

 – Posaconazole suspension 200 mg PO TID
 – Posaconazole tablets 300 mg PO/IV BID x 1 day then daily
 – Voriconazole 200 mg PO/IV BID
 – Amphotericin B products
 – Isavuconazonium

• PCP

 – First-line: Trimethoprim/ sulfamethoxazole 1 SS (80/400 mg) PO Daily or 1 
DS (160/800 mg) PO TIW

 – Second-line: dapsone, atovaquone, pentamidine aerosol or intravenous

 When [1, 3, 7, 10]

• Yeast and mold

 – Start of neutropenia
 – Continue until resolution of neutropenia

• In patients with GVHD, until resolution of GVHD

• PCP

 – ALL

• Throughout anti-leukemic therapy

 – Alemtuzumab

• Minimum of 2 months after drug discontinuation and until CD4 ≥  200 
cells/moL

 – Allogeneic HSCT recipients

• At least 6 months and while on immunosuppression

 – Corticosteroids (≥20 mg per day prednisone or equivalent for ≥4 weeks)

• At least while on therapy
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 – Purine analog therapy (fludarabine)

• Until CD4 ≥ 200 cells/moL

 – Temozolomide + radiation therapy

• At least while on therapy

 Antiviral Prophylaxis (Herpes Viruses)

Herpes viruses are large encapsulated deoxyribose nucleic acid (DNA) viruses that 
can cause acute primary infections and then persist within the host in non-infectious 
form [13]. Under appropriate conditions herpes viruses have the ability to reactivate 
and cause latent infections, which may be clinically very different than the primary 
infection [13]. There are eight types of human herpes virus, and all have been impli-
cated to some extent in human disease. The purpose of this section is to review 
prophylaxis in neutropenic oncology patients against three of the human herpes 
viruses; herpes simplex virus 1 (HSV-1), herpes simplex virus 2 (HSV-2) and vari-
cella zoster virus (VZV) [13].

.Similar to antibacterial prophylaxis, antiviral prophylaxis against HSV 1/2 and 
VZV is only warranted in high risk, seropositive neutropenic oncology patients [1, 
3]. However, risk factors other than neutropenia have been linked to reactivation of 
HSV and VZV, thus even in absence of neutropenia patients receiving therapy with 
proteasome inhibitors, alemtuzumab, corticosteroids for GVHD and purine analog 
therapy should receive prophylaxis [1, 3].

 Who [1, 3]

• Acute leukemia (seropositive for HSV or VZV or history of chicken pox)
• Alemtuzumab
• Allogeneic HSCT (seropositive donor or recipient for HSV or VZV)
• Allogeneic HSCT with GVHD receiving corticosteroids
• Autologous HSCT (seropositive for HSV or VZV)
• Proteasome inhibitors (bortezomib, carfilzomib, ixazomib)
• Purine analog therapy (fludarabine)

 What [3]

• Acyclovir 400–800 mg PO BID
• Famciclovir 250 mg PO BID
• Valaciclovir 500 mg PO BID-TID
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 When [1, 3]

• Acute leukemia

 – HSV

• Continue until resolution of neutropenia or mucositis, whichever occurs 
later

• Alemtuzumab

 – HSV

• Minimum of 2 months after drug discontinuation and until CD4 ≥  200 
cells/moL

• Allogeneic HSCT

 – HSV

• Continue until resolution of neutropenia or mucositis, whichever occurs 
later

 – VZV

• For at least 1 year after HSCT

• Autologous HSCT

 – HSV

• Continue until resolution of neutropenia or mucositis, whichever occurs 
later

 – VZV

• 6–12 months after HSCT

• Proteasome inhibitors (bortezomib, carfilzomib, ixazomib)

 – VZV

• During active therapy

• Purine analog therapy (fludarabine)

 – HSV and VZV

• During active therapy or longer depending on degree of 
immunosuppression
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 Key Points

Who What When

Antibacterial Anticipated prolonged 
profound neutropenia 
(ANC ≤ 100 cells/
mm3 for >7 days)
Anticipated prolonged 
neutropenia 
(ANC ≤ 500 cells/
mm3 for >10 days)
Allogeneic HSCT
Acute leukemia
  Induction
  Consolidation/

maintenance

Fluoroquinolone
  Ciprofloxacin 500 mg 

PO/IV BID
  Levofloxacin 500 mg 

PO/IV Daily (Preferred 
when additional 
viridans group 
streptococcal coverage 
indicated)

Oral third generation 
cephalosporin
  Patients not able to 

receive a 
fluoroquinolone (i.e. 
intolerance, drug 
interactions, resistance)

Start of neutropenia
  Some protocols will start 

at time of chemotherapy
Continue until resolution of 
neutropenia

Antifungal: 
yeast

Acute leukemia
Allogeneic HSCT
  Pre-engraftment 

phase
Autologous HSCT 
recipients with 
mucositis
  Pre-engraftment 

phase

Fluconazole 200–400 mg 
PO/IV Daily
Micafungin 50–100 mg 
IV Daily
Amphotericin B products

Start of neutropenia
Continue until resolution of 
neutropenia

(continued)
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Who What When

Antifungal: 
mold

AML
  Induction
Allogeneic HSCT
  Graft-versus-host 

disease (GVHD)
  Anticipated 

prolonged 
neutropenia of 2 
weeks or greater

  Longstanding 
neutropenia 
immediately prior to 
HSCT

Posaconazole suspension 
200 mg PO TID
Posaconazole tablets 
300 mg PO/IV BID x 
1 day then daily
Voriconazole 200 mg PO/
IV BID
Amphotericin B products
Isavuconazonium

Start of neutropenia
Continue until resolution of 
neutropenia
  In patients with GVHD, 

until resolution of 
GVHD

Antifungal: 
PCP

ALL
Alemtuzumab
Allogeneic HSCT 
recipients
Corticosteroids 
(≥20 mg per day 
prednisone or 
equivalent for 
≥4 weeks)
Purine analog therapy 
(fludarabine)
Temozolomide + 
radiation therapy

First-line
  Trimethoprim/ 

sulfamethoxazole 1 SS 
(80/400 mg) PO Daily 
or 1 DS (160/800 mg) 
PO TIW

Second-line
  Dapsone, atovaquone, 

pentamidine aerosol or 
intravenous

ALL
  Throughout anti- 

leukemic therapy
Alemtuzumab
  Minimum of 2 months 

after drug 
discontinuation and until 
CD4 ≥ 200 cells/moL

Allogeneic HSCT 
recipients
  At least 6 months and 

while on 
immunosuppression

Corticosteroids (≥20 mg 
per day prednisone or 
equivalent for ≥4 weeks)
  At least while on therapy
Purine analog therapy 
(fludarabine)
  Until CD4 ≥200 cells/

moL
Temozolomide + radiation 
therapy
  At least while on therapy

(continued)

Antimicrobial Prophylaxis



160

Who What When

Antiviral Acute leukemia 
(seropositive for HSV 
or VZV or history of 
chicken pox)
Alemtuzumab
Allogeneic HSCT 
(seropositive donor or 
recipient for HSV or 
VZV)
Allogeneic HSCT with 
GVHD receiving 
corticosteroids
Autologous HSCT 
(seropositive for HSV 
or VZV)
Proteasome inhibitors 
(bortezomib, 
carfilzomib, ixazomib)
Purine analog therapy 
(fludarabine)

Acyclovir 400–800 mg 
PO BID
Famciclovir 250 mg PO 
BID
Valaciclovir 500 mg PO 
BID-TID

Acute leukemia
  HSV (Continue until 

resolution of neutropenia 
or mucositis, whichever 
occurs later)

Alemtuzumab
  HSV (Minimum of 

2 months after drug 
discontinuation and until 
CD4 ≥ 200 cells/moL)

Allogeneic HSCT
  HSV (Continue until 

resolution of neutropenia 
or mucositis, whichever 
occurs later)

  VZV (For at least 1 year 
after HSCT)

Autologous HSCT
  HSV (Continue until 

resolution of neutropenia 
or mucositis, whichever 
occurs later)

  VZV (6–12 months after 
HSCT)

Proteasome inhibitors 
(bortezomib, carfilzomib, 
ixazomib)
  VZV (During active 

therapy)
Purine analog therapy 
(fludarabine)
  HSV and VZV (During 

active therapy or longer 
depending on degree of 
immunosuppression)
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Abstract Although an antimicrobial stewardship program (ASP) as a primary tool 
to combat global development of antimicrobial resistance has been widely accepted 
in the last decade, the key principles of ASP have not always been adopted in 
patients with significant immune defects. Multiple barriers exist for implementing 
ASP in this population: physician’s perceptions regarding the immunocompromised 
as sicker patients and fear of poor outcomes, a wide range of possible infectious 
etiologies with diagnostic uncertainty, complexity in making early diagnosis, 
impaired inflammatory responses, and difficulty in controlling the source of infec-
tions due to thrombocytopenia, and limited surgical interventions. However, ASP in 
the immunocompromised hosts is an important patient safety measure as develop-
ment of multidrug-resistant (MDR) pathogens is an emerging problem. This chapter 
discusses strategies and the need for ASP in the immunocompromised host with 
cancer.
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 Goals and Opportunities of ASP in Immunocompromised 
Hosts

ASP aims to optimize clinical outcomes while minimizing unintended consequences 
of antimicrobial use such as toxicity, collateral damage and development of 
resistance as well as to reduce cost without compromising outcome [1]. The same 
goals apply to the patients with immune deficiency. Furthermore, opportunities for 
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ASP exist for both prophylaxis and treatment in the immunocompromised host by 
optimizing drug selection, dose, route and duration.

 ASP Modalities in Immunocompromised Hosts

 Formulary Management

ASP plays a crucial role in formulary decisions of antimicrobials. Formulary choices 
must balance the accessibility of key treatment options for immunocompromised 
hosts and adverse effects including drug costs. For example, ASP streamlines the 
hospital formulary based on potential drug interactions between antimicrobials and 
chemotherapy/immunosuppressants (e.g., nafcillin-tacrolimus interaction via 
CYP3A4 v. no interaction between oxacillin-tacrolimus for treatment of methicillin- 
susceptible Staphylococcus aureus (MSSA) infections), cost (e.g. cost effectiveness 
analysis between ceftaroline and other anti-methicillin-resistant S. aureus (MRSA) 
agents) and spectrum of coverage (e.g., limitation of the use of ceftolozane/tazobac-
tam or ceftazidime/avibactam v. a narrower spectrum agent when broad spectrum 
coverage is not necessary). ASP should also assess drug supply and usage (e.g., 
drug shortages in cefepime, piperacillin-tazobactam), changes in price (e.g., 
increase in price of flucytosine, IV erythromycin), and availability of newer agents 
with similar usage (e.g., isavuconazole v. posaconazole) to modify hospital-wide 
guidelines without compromising patient care. Once a drug is added to the formu-
lary, ASP provides oversights on the implementation of restricted use via staff edu-
cation, ordering requirements in the computer software program, and preauthorization 
(antimicrobial restriction) and prospective audit and feedback.

 Antimicrobial Prophylaxis During Neutropenia

While there are guidelines available for antimicrobial prophylaxis in cancer patients 
including a recent review of biologicals and targeted therapies [2], collaboration 
between infectious diseases specialists and hematologists is essential to risk stratify 
who would need antimicrobial prophylaxis and to formulate the prophylaxis regi-
men due to complex immune dysfunctions in these hosts and unique infectious risks 
associated with certain stage of diseases or chemotherapeutic agents. For example, 
a review of  infectious complications of patients who received blinatumomab, an 
anti-CD19 immunotherapy for relapsed/refractory B-cell acute lymphoblastic leu-
kemia (ALL), noted a high rate (15%) of nodular, possible mold pneumonia [3]. 
While NCCN guidelines recommend fluconazole or micafungin as an antifungal 
prophylaxis for most ALL patients [4], more potent anti-mold prophylaxis was 
advocated when blinatumomab recipients presented with baseline neutropenia (i.e. 
ANC < 500 cells/μL) due to relapsed or refractory disease.
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Fluoroquinolone prophylaxis has been recommended by the guidelines for high- 
risk patients who are going to be profoundly neutropenic for >7 days [4]. Despite 
the rising concern over fluoroquinolone resistance, a recent Cochrane review con-
firmed the reduction in mortality and infection rates still outweighs the risk of 
 resistance, costs and adverse events associated with fluoroquinolone prophylaxis 
[5]. In the meantime, there are studies showing different classes of antibiotics such 
as third-generation cephalosporins or sulfamethoxazole-trimethoprim provided 
similar outcomes as fluoroquinolone prophylaxis [5, 6]. ASP should play a role in 
antimicrobial prophylaxis by closely monitoring local patterns of resistance, recom-
mending alterative prophylaxis if needed based on prior infectious history or other 
clinical characteristics, and recommending antibacterial prophylaxis only in selected 
high-risk patients, but not in all neutropenic patients.

 Choice of Agents for Neutropenic Fever

While many clinicians prefer IV antibiotics in the setting of neutropenic fever, oral 
antibiotics such as a combination of fluoroquinolone (i.e., ciprofloxacin or levo-
floxacin) plus amoxicillin/clavulanate (or clindamycin for those with a penicillin 
allergy) have been recommended for outpatient empirical therapy [7]. Adherence to 
the guidelines and adoption of the established tools for risk assessment provide ASP 
opportunities. There are several tools such as MASCC (Multinational Association 
for Supportive Care in Cancer) scoring and clinical criteria that may be used to dif-
ferentiate who can be treated as an outpatient versus inpatient. The joint guideline 
by ASCO (American Society of Clinical Oncology) and IDSA (Infectious Diseases 
Society of America) endorses the use of a more recently validated tool, CISNE (the 
Clinical Index of Stable Febrile Neutropenia) score, which is more sensitive and 
specific in solid tumors for this purpose [7].

Regarding the inpatient management of neutropenic fever, IDSA guidelines 
recommend a variety of anti-pseudomonal beta-lactam antibiotics in the absence of 
complications (e.g., hypotension, pneumonia, and colonization of resistant organ-
isms) [8]. While comparative studies did not find differences in clinical or safety 
outcomes amongst various agents either as monotherapy or in combination [9], 
institutions can streamline their preferred agents for febrile neutropenia from an 
ASP perspective. Colonization with resistant organisms poses a substantial risk for 
infection and a high mortality in immunocompromised hosts [10]. ASP should pre-
screen patients at highest risk for infections with MDR organisms to tailor individu-
alized empiric antibiotic recommendations. For example, empiric use of 
carbapenems should be advocated if there is a history of MDR Pseudomonas aeru-
ginosa or extended-spectrum β-lactamase (ESBL) producing Enterobacteriaceae. 
Otherwise, it should be reserved when narrower spectrum anti-pseudomonal agents 
can be utilized.

Also, ASP should limit antibiotics with Gram-positive coverage such as 
MRSA in accordance with current guidelines. For example, vancomycin is not 

Antimicrobial Stewardship in Immunocompromised Hosts



166

recommended as initial empiric therapy for neutropenic fever in the absence of a 
catheter- related infection, skin or soft-tissue infection, pneumonia or hemodynamic 
instability [8]. The use of empiric antibiotics with anti- vancomycin-resistant 
Enterococcus (VRE) activity once febrile neutropenia develops for those with VRE 
colonization is under debate. Recent studies showed no difference in mortality 
between the empiric linezolid group and the control group [11] and no impact on 
mortality from delayed VRE bloodstream infection treatment [12].

 Early De-escalation After Neutropenic Fever

IDSA guidelines for neutropenic fever published in 2011 recommend the initial 
regimen be continued until clear signs of marrow recovery (i.e., an increasing abso-
lute neutrophils count (ANC) that exceeds 500 cells/μL) in patients with unex-
plained fever [8]. There have been several recent studies that evaluated early 
de-escalation of antibiotics. Le Clech et al compared the outcomes of early antibi-
otic de-escalation in two phases for patients with hematologic malignancy with 
fever of unknown origin (FUO) [13]; in the first phase all antibiotics were stopped 
48 h after resolution of fever as recommended by the ECIL-4 guidelines [14], and 
in the second phase antibiotics were stopped on day 5 whether febrile or afebrile. 
The composite endpoint defined as in-hospital mortality, intensive care unit (ICU) 
admission, relapse of febrile neutropenia ≤48 h after discontinuation of antibiotics 
in afebrile patients or a new documented infection in patients with persistent fever 
were not different between the two groups and the duration of antibiotics was 
shorter in the second group (7 v. 5 days, p = 0.002). While having limitations inher-
ent to a nonrandomized trial, such as, a longer duration of neutropenia in the first 
group (20 v. 12 days, p = 0.01) and different types of chemotherapy and stem cell 
transplant between the groups, the study demonstrated the feasibility of early de- 
escalation in febrile neutropenic patients with a hematologic malignancy. In another 
study by Aguilar-Guisado et al, early de-escalation of antibiotics after 72 h of apy-
rexia and clinical recovery irrespective of neutrophil count recovery was evaluated 
[15]. This was a superiority, open-label, randomized, controlled phase 4 trial from 
six hospitals in Spain which included 156 high-risk febrile neutropenic patients 
with hematological malignancies but without microbiologically or clinically docu-
mented infection. When compared to the control group (i.e., anti-pseudomonal anti-
biotics were continued until ANC > 500 cells/μL), the experimental group showed 
significantly shorter days of empirical antimicrobials (16.1 v. 13.6 days, p = 0.026) 
with similar rates of adverse events. One out of 78 and three out of 79 patients died 
from the experimental and control group, respectively.

Two recent studies specifically assessed early de-escalation in hematopoietic 
stem cell transplantation recipients (HSCT). The first study by Snyder et al com-
pared the rates of recurrent fever, Clostridium difficile-associated infection, length 
of stay, intensive care unit (ICU) admission, in-hospital mortality, need for re- 
escalation of therapy, rate of positive blood cultures and pharmacoeconomic impact 
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between the early de-escalation group (i.e., empiric antibiotics were de-escalated to 
prophylaxis after 5 days if defervesced) and control group [16]. They found no dif-
ference in the rate of recurrent fever (15% in early de-escalation group v. 19% in 
control group, 90% CI, −0.088 to 0.163) and in other clinical outcomes, but showed 
a significant decrease in antimicrobial use in the early de-escalation group which 
resulted in an estimated antimicrobial cost reduction per 1000 transplant days of 
approximately $10,000 ($22,300 v. $32,760, p = 0.012).

The second study in HSCT patients by Gustinetti et al is a single center study 
from Italy and compared clinical and economical outcomes between early de- 
escalation (i.e., de-escalation to a narrower spectrum β-lactam or switching to fluo-
roquinolone prophylaxis or discontinuation within 96 h in afebrile patients) and late 
de-escalation (i.e., de-escalation after 96  h) [17]. Failure of de- 
escalation/discontinuation was defined as escalating or restarting antibiotic therapy, 
having a blood stream infection or fever recurrence within 96 h from de-escalation/
discontinuation. In the early de-escalation group (n = 26), the failure of de- escalation 
occurred in 4 patients (15.4%, 4/26) including a fever recurrence (n = 1), bartholin-
itis (n = 1), and bacteremia (n = 2). Of note, these bacteremias were not recurrences 
of previous infections and all failures were successfully treated with escalation of 
antibiotic therapy. In the late de-escalation group, the failure of de-escalation 
occurred in 6 patients (19%, 6/31) which included 2 bacteremia (one Pseudomonas 
putida, and one Enterococcus faecium) and fever recurrence. None of these cases 
resulted in septic shock or death. In multivariate analyses, the presence of blood 
stream infection was associated with early de-escalation, which reflects their anti-
microbial de-escalation practice driven by microbiologic culture regardless of count 
recovery.

In summary, early de-escalation and discontinuation of broad spectrum anti- 
pseudomonal antibiotics in febrile neutropenic patients is feasible while the timing 
for early de-escalation varies amongst studies. Until newer international guidelines 
address these aforementioned studies, ASP should be mindful of these results and 
may consider early de-escalation in selected patients in consultation with infectious 
diseases clinicians and the hematologist/oncologist.

 Clinical Pathway

The 2016 Infectious Diseases Society of America (IDSA) guideline for implementing 
an ASP endorses the use of facility-specific clinical practice guidelines [18]. Studies 
have shown that an interdisciplinary development of such guidelines improved 
awareness and uptake of clinical pathways via multifaceted dissemination and an 
implementation strategy [18]. Highly employed clinical guidelines for cancer, 
HSCT and solid organ transplant patients included febrile neutropenia, antifungal 
prophylaxis, treatment of invasive fungal infections and cytomegalovirus prophylaxis 
[19]. An institutional antimicrobial use clinical pathway should be based on 
consensus guidelines, local susceptibility data and cost [9]. For example, Metan 
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et al replaced a carbapenem with piperacillin/tazobactam ± amikacin as a first-line 
empiric antibacterial regimen except in high risk patients after experiencing a high 
incidence of carbapenem-resistant Gram-negative bacilli in patients with neutropenic 
fever [20]. High risk patients were defined as known colonizers with ESBL-
producing Enterobacteriaceae who presented with severe sepsis, septic shock, 
nosocomial pneumonia, or recently transferred from the ICU with a high prevalence 
of MDR Gram-negative bacilli. This led to a significant reduction in carbapenem 
use without affecting mortality.

 Antimicrobial Restriction

Not only restricting certain antimicrobials that require infectious diseases 
consultation or an indication for use when prescribing, but also optimizing the 
duration of antimicrobial use is an important ASP strategy. For example, a simple 
reminder of daily carbapenem use to prescribers or an automatic email to reassess 
the duration of certain targeted broad spectrum antibiotics can be used to limit the 
duration.

 Prospective Audit and Feedback

If resources and manpower are available, a prospective audit and feedback (PAF) 
based on a review of empiric therapy, de-escalation or escalation based on clinical 
and microbiological data, and duration of therapy should be implemented by the 
ASP. PAF can be very labor intensive, and identification of appropriate patients for 
intervention can be challenging if not supported by a computerized surveillance 
system. The key is allocation of necessary resources, a persistent effort by dedi-
cated, well-trained personnel, and ongoing communication with clinicians [18].

 Antifungal Stewardship

While many ASPs have focused initial efforts on reducing inappropriate antibiotic 
use in awareness of the perils of resistant bacteria, antifungal stewardship should be 
in place given the evidence of poor use of antifungals which has showed low adher-
ence to guidelines or labeling [21–24] and emergence of resistant organisms, namely 
azole-resistant Aspergillus fumigatus [25], echinocandin-resistant Candida gla-
brata [26], and MDR Candida auris [27]. Similar to antibacterial prophylaxis, anti-
fungal prophylaxis is recommended for high-risk patients but not for low-risk 
patients with anticipated neutropenia less than 7 days. Institutions caring for large 
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numbers of high-risk patients should have local guidelines for antifungal prophylaxis 
directed against Candida, Aspergillus, Mucormycosis, Pneumocystis jiroveci and a 
surveillance program for early diagnosis of invasive fungal infections. For example, 
use of early chest CT [28] or quantitative polymerase chain reaction (PCR) assays 
targeting Rhizomucor, Lichtheimia, Mucor/Rhizopus has been advocated for early 
diagnosis of mucormycosis [29]. The Aspergillus galactomannan (GM) test is 
relatively specific for Aspergillus, but β-1,3-D-glucan (BDG) is a component of the 
cell wall of most fungi and thus has low specificity. Due to the reduced sensitivities 
and specificities of BDG or Aspergillus GM tests, use of these tests are limited and 
results should be interpreted in conjunction with other clinical, microbiological and 
radiological findings. For example, the sensitivity of the Aspergillus GM test 
decreases if a patient has already been on an antifungal; a persistently positive GM 
is associated with higher mortality; and persistent BDG can occur despite resolution 
of fungal infection [30]. As more biomarkers become available, the ASP should 
evaluate if each test alone or in combination is valuable in antifungal stewardship 
and if so, then develop a pathway utilizing these tools for de-escalation or early 
escalation of antifungals.

 Use of Biomarkers

Procalcitonin has been extensively studied as an ASP tool, but its role in neutropenic 
patients is less clear. For example, complicating factors of routine post- transplant 
physiology and the effect of transplant-specific therapies such as anti-thymocyte 
globulin caused an elevated procalcitonin level which was not associated with infec-
tion [31]. Despite concerns about potentially limited procalcitonin production in 
neutropenic patients, a review of 30 articles on the use of procalcitonin in this popu-
lation concluded procalcitonin may be able to discriminate fever due to systemic 
infections from non-infectious etiologies [32]. Based on the reported procalcitonin 
levels in febrile neutropenic patients, the authors reported that values less than 
0.5 ng/mL are less likely to occur in patients with infection and a delayed peak may 
be possible with fungal infections [32]. Similar to non-neutropenic patients, serial 
measurement of procalcitonin may be useful in determining the duration of therapy. 
On the other hand, in a recent study in febrile neutropenic patients undergoing 
HSCT, procalcitonin showed a limited sensitivity of 66% and a specificity of 75% 
with a cut-off of 0.5 ng/mL [33]. Furthermore, the procalcitonin-guided protocol 
did not reduce the use of antibiotics in febrile neutropenia in a randomized con-
trolled trial by Lima et al. [34] In summary, procalcitonin needs to be considered as 
a supplemental tool for diagnosis, but not as a tool to replace proper clinical and 
microbiological diagnosis or to withhold initiating antibiotics.

There are other biomarkers such as adrenomedullin or TREM 1 (triggering 
receptor expressed on myeloid cells-1); adrenomedullin was used in community- 
acquired pneumonia to predict prognosis and TREM-1, to distinguish bacterial 

Antimicrobial Stewardship in Immunocompromised Hosts



170

pneumonia from nonbacterial pulmonary disease [35]. Similarly to procalcitonin, 
the complexity of immunology and the influence of concurrent immunosuppressive 
medications in the immunocompromised hosts need to be considered when attempt-
ing to use these biomarkers.

 Rapid Diagnostics

Early identification of bacterial, viral and fungal pathogens and their antimicrobial 
susceptibility is critical in managing infectious diseases. ASP should assess rapid 
diagnostics for test accuracy, turn-around time and the extent to which they can 
prevent the unnecessary initiation or continuation of antimicrobials [36]. ASP 
should also provide education to providers on the appropriate test population, ade-
quate interpretation of results, limitations of the test, and optimal selection of anti-
microbials based on the results [37]. Notably, the benefits of rapid diagnostics will 
be lost in the absence of real-time ASP interventions [38].

 Novel Approaches to Rapid Phenotypic Antimicrobial Susceptibility 
Testing

Rapid identification of carbapenemase producing Enterobacteriaceaes (CPE) is 
critical for medical management of this MDR infection as well as for infection con-
trol. Rapid Carb Blue Kit (Rosco Diagnostica, Taastrup, Denmark) and Rapidec 
Carba NP test (bioMerieux, Marcy L’Etoile, France) both detect carbapenemases 
distinctively from other beta-lactam hydrolyzing enzymes such as ESBL or AmpC 
(chromosomally encoded or plasmid-mediated) within 2  h. These tests measure 
color changes caused by carbapenemases-induced imipenem hydrolysis and subse-
quent acidification of the indicator solution. Both tests have high sensitivity (94–
96%) and specificity (96–100%) for carbapenemases including KPC, NDM, VIM 
and OXA-48 with decreased sensitivity to OXA-48 (94%) [39–41].

Commercially available systems to report identification and susceptibility for the 
entire antibiogram include the Accelerate PhenoTest BC (Accelerate Diagnostics, 
Tucson, USA). It uses fluorescence in situ hybridization (FISH) for species identifi-
cation (1.4 h) and automated time-lapse imaging for susceptibility (6.6 h) directly 
from positive blood culture [42]. Sensitivity and specificity are 97.5% and 99.3% 
for identification and 96.3% and 96.4% for susceptibility, respectively. While it pro-
vides faster results by approximately 24 h for identification and 42 h for susceptibil-
ity with high sensitivity and specificity as compared to standard methods, clinical 
evidence for patient outcome is lacking. ASP should develop an action plan per test 
results taking into account the test limitations (eg., false negative identification, 
major error in susceptibility) to reduce adverse outcomes.
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 Matrix-Assisted Laser Desorption/Ionization Time-of-Flight Mass 
Spectrometry (MALDI-TOF MS)

MALDI-TOF MS fingerprinting enables clinical microbiology laboratories to 
rapidly identify cultured microorganisms. Compared to other biochemical 
conventional techniques, turnaround times are typically reduced by at least a 
working day to several days for slower growing species [43]. Vitek MS (BioMerieux, 
St. Louis, MO, USA) uses MALDI-TOF MS technology to rapidly identify bacteria, 
viruses and fungi including Mycobacteria, Nocardia and molds from different 
sample origins (e.g., blood, tissue, etc.). Perez et al, in their study to include Gram-
negative rod bacteremia with ESBL or MDR, found a significant reduction in time 
to optimal antibiotic therapy (80.9 h v. 23.3 h, p < 0.001) and reduced mortality in 
the intervention group when they adopted MALDI-TOF MS directly from positive 
blood culture and simultaneously set up for rapid antimicrobial susceptibility testing 
[44]. Use of MALDI-TOF MS was a significant predictor of survival as well (OR 
0.3, 95% confidence interval 0.12–0.79).

 Direct Pathogen Identification Using Nucleic Acid Amplification

One example of singleplex PCR as an ASP tool is to adopt nasal MRSA screening 
to rule out MRSA pneumonia [45]. In a recent meta-analysis by Parente et al, nasal 
MRSA screening showed a high specificity and a negative predictive value (NPV) 
in ruling out MRSA pneumonia; the NPV was 98.1% for community-acquired 
MRSA pneumonia and 94.8% for ventilator-associated pneumonia. While current 
IDSA guidelines for HAP/VAP advocates for empiric MRSA coverage in the pres-
ence of a risk factor for MRSA infection [46], many patients can avoid MRSA 
coverage based on the negative nasal MRSA screening result. Another example is 
singleplex C. difficile PCR. Since C. difficile represents the most common cause of 
infectious diarrhea, C. difficile PCR testing should be done prior to ordering the 
multiplex gastrointestinal panel. One caveat is that the sole use of C. difficile PCR 
is no longer recommended to diagnose C. difficile infection due to the extremely 
high sensitivity of this test and is now to be combined with stool toxin tests [47].

Examples of multiplex PCR include respiratory or meningitis/encephalitis panels 
from direct respiratory or CSF samples. Interestingly, when using multiplex 
respiratory virus panels, Semret et al found antibiotic management was most sig-
nificantly associated with radiographic suspicion of pneumonia and less with the 
RVP results [48]. In other words, other than influenza virus, positivity for viruses 
was not associated with de-escalation or discontinuation of antibiotics. As high-
lighted by the authors, when introducing a tool such as a respiratory viral panel, the 
ability to interpret positive results in the context of the clinical illness and the legiti-
mate concerns of bacterial coinfections need to be addressed.

There are platforms that use nucleic acid amplification for rapid pathogen 
characterization from positive blood cultures. Examples include Verigene BC 
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(Luminex, Austin, TX, USA) and FrilmArray BCID (BioMerieux, St. Louis, MO, 
USA). Some resistant markers are included in the kit and aid in escalation/
de-escalation of antibiotics as well.

 T2 Candida or T2 Bacteria

Distinguished from other platforms, T2 Candida (T2 Biosystems, Lexington, MA, 
USA) or T2 Bacteria (T2 Biosystems, Lexington, MA, USA) uses whole blood 
without the need for culture or nucleic acid extraction [49]. It utilizes PCR amplifi-
cation from whole blood followed by nanoparticle T2 magnetic resonance detection 
directly from whole blood allowing detection of candidemia or bacteremia within 
hours. The rapid turnaround time (i.e., 3–5 h) and high sensitivity- specificity (e.g., 
91.1% and 99.4% for T2 Candida) present opportunities for decreased mortality 
[50]. These tests not only showed enhanced sensitivity as compared to blood cul-
tures, but also offered opportunities for antifungal streamlining based on an excel-
lent specificity. There are clinical data showing decreased time to initiation of 
antifungals in candidemic patients after adopting the T2 Candida system [51]. Of 
note, accounting for the imperfect sensitivity of 91.1%, their ASP guideline advo-
cated for empiric antifungal therapy with suspected candidemia in both the pre- and 
post-T2 candida system [51]. Also, another study by Patch ME et al emphasized the 
importance of paired blood cultures and T2 Candida testing to overcome the imper-
fect sensitivity of the system. This study showed a decreased time to initiation of 
antifungal therapy as well as a decreased length of hospital stay by 8 days [52]. ASP 
should help develop clinical decision support in adopting and interpreting these test 
results in the appropriate clinical context.

 Intravenous to Oral Antibiotics

IV-to-oral conversion is a strategy strongly recommended by the 2016 IDSA 
guideline [18], and can be safely applied to immunocompromised hosts unless 
patients cannot tolerate oral therapy or have issues with oral absorption (e.g., 
significant gastrointestinal (GI) graft-versus-host disease (GVHD), severe mucositis, 
GI obstruction from tumor). Examples of highly bioavailable antimicrobials that 
can be switched from IV-to-oral in 1:1 ratio include fluoroquinolones, clindamycin, 
linezolid, sulfamethoxazole-trimethoprim, metronidazole, and azoles (voriconazole, 
isavuconazole, fluconazole). When an oral equivalent is not available, infectious 
diseases consultation can assess and recommend an oral regimen to avoid IV cath-
eters and outpatient parenteral therapy [18].
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 Antimicrobial Pharmacokinetic and Pharmacodynamics 
(PK/ PD)

Dose optimization through adequate understanding of antimicrobial PK/PD 
parameters is another vital stewardship tool. Especially when dealing with MDR 
organisms leaving limited viable options, maximizing the PK/PD driven dosing for 
a chosen agent becomes essential. For example, ceftolozane-tazobactam is a broad 
spectrum anti-pseudomonal cephalosporin whose efficacy is driven by free drug 
concentration remaining above the minimum inhibitory concentration for a defined 
proportion of the dosing interval (%fT > MIC). It currently has FDA dosing recom-
mendations of 1.5 g q8h given over 1 h for intra-abdominal or urinary tract infection 
while the clinical trial for hospital-acquired bacterial pneumonia uses a 3  g q8h 
dosing regimen. In a retrospective review of 35 patients treated with ceftolozane- 
tazobactam against carbapenem-resistant P. aeruginosa, all three patients with a 
ceftolozane-tazobactam MIC ≥8 mg/L failed therapy and doses used varied between 
1.5 and 3 g q8h [53]. On the other hand, when PK/PD was analyzed from a 14 year- 
old child with cystic fibrosis, %fT > MIC for ceftolozane-tazobactam at a MIC of 
8 mg/L were 56.3% for 1.5 g q8h (over 1 h) and 93.8% for 3 g q8h (over 3 h), 
respectively [54]. Furthermore, the human simulated dose of ceftolozane- tazobactam 
3 g q8h given over 3 h when combined with amikacin or colistin has shown a syn-
ergistic killing effect for P. aeruginosa isolates with MICs ≥4 mg/L in an in vitro 
pharmacodynamics model [55]. These findings highlight not only the opportunities 
for success by maximizing the dose evidenced by PK/PD parameters but also the 
importance of understanding pharmacodynamic synergy effects between antimicro-
bials. In the immunocompromised hosts, maximizing PK/PD driven efficacy 
becomes even more important given the reduced host immune function and the risk 
of developing resistance due to increased exposure to antimicrobials in this 
population.

 Antimicrobial Allergy Assessment

In the 2016 IDSA and SHEA guidelines for antibiotic stewardship, it is recommended 
that ASPs promote allergy assessment and penicillin skin testing (PST) when 
appropriate [18]. Approximately 10% of patients carry a penicillin allergy label 
[56], and it often impedes the appropriate selection of antibiotics. Antibiotic 
selection in these patients is associated with inferior microbiological and clinical 
outcomes (e.g., the less effective use of vancomycin in place of the more effective 
use of a semisynthetic penicillin for invasive MSSA infection) [57], adverse events 
(e.g., replacement of penicillin with clindamycin leading to increased C. difficile 
infection), use of more expensive and broader spectrum antibiotics [58], and 
increased readmissions [59] as well as excess mortality [60]. There are many ASP 
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Table 1 Antimicrobial stewardship modalities in the immunocompromised hosts

Modalities Key points

Formulary 
management

Streamline hospital formulary based on drug interactions, cost, spectrum 
of coverage, drug supply and usage, dosing, efficacy and safety

Prophylaxis during 
neutropenia

Provide institutional guidelines for antimicrobial prophylaxis along with 
international guidelines depending on local patterns of resistance, prior 
infectious histories, and infectious risks of certain chemotherapy/biologics 
and cancer diagnosis/ stage

Choice of agents 
for neutropenic 
fever

Provide guidelines for the empiric use of anti-MRSA, anti-VRE coverage 
as well as anti-pseudomonal coverage upon NPF
Monitor adherence to the guidelines
Prescreen patients at highest risk for MDR organisms to tailor 
individualized empiric antibiotics

Early de-escalation 
after NPF

There are newer data suggesting the feasibility of early de-escalation of 
anti-pseudomonal beta lactams after NPF
Until international guidelines are updated reflecting these data, early 
de-escalation may be attempted in selected patients in consultation with 
infectious diseases specialists and hematologist/oncologist

Clinical pathway Interdisciplinary development of local clinical practice guideline is a 
proven tool to improve implementation

Antimicrobial 
restriction

Have certain antimicrobials be restricted
Assess the duration of restricted antimicrobials

Prospective audit 
and feedback

Allocate necessary resources to identify and prioritize the issues
Provide persistent effort by dedicated and well-trained personnel

Antifungal 
stewardship

Antifungal stewardship needs to be in place
Utilize CT screening, or biomarkers such as Aspergillus galactomannan 
test for early detection of invasive fungal infection

Use of biomarkers Kinetics/dynamics of biomarkers can be altered in the 
immunocompromised hosts, thus requiring careful interpretation when 
adopted in this population

Rapid diagnostics Continually evaluate evolving technologies to enhance organism detection, 
susceptibility and resistance reporting
Provide clinical decision support involving rapid diagnostics

Intravenous to oral 
conversion

It can be safely implemented in the immunocompromised hosts unless 
there are issues with oral absorption such as GI GVHD, GI obstruction 
from tumor, and severe mucositis

Dose optimization 
using PK/PD

Maximize antimicrobial efficacy by PK/PD driven dosing when dealing 
with MDR organisms in the setting of immune deficiency

Allergy assessment Assess antimicrobial allergy history and record in detail
Utilize penicillin skin testing if available
Focus on rashes to differentiate antimicrobial-related rash from other 
etiologies

NPF neutropenic fever, CISNE the clinical index of stable febrile neutropenia, MRSA Methicillin- 
resistant Staphylococcus aureus, VRE vancomycin-resistant enterococcus, GI gastrointestinal, 
GVHD graft-versus-host disease, PK/PD pharmacokinetic/dynamic, MDR multidrug-resistant
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initiatives addressing delabeling of penicillin allergy either combined with PST or 
not. For example, detailed clinical history by itself has shown to increase delabeling 
of penicillin allergy [61]. PST driven by Infectious Diseases fellows [62] or phar-
macists [63] and resultant delabeling of penicillin allergy have shown significantly 
increased use of penicillins or cephalosporins in place of broader spectrum, subop-
timal or more costly alternative agents. Before concluding a rash was from an anti-
microbial, other factors that can cause skin rashes should be considered: namely 
chemotherapy, GVHD, vasculitis, leukemia cutis, pyoderma gangrenosum, and 
Sweet’s syndrome et cetera. In summary, allergy assessment focusing on a detailed 
characterization of the rash needs to be highlighted in this population along with 
other basic information such as onset and timing of the reaction, severity, and type 
of reactions.

 Key Points

In the era of antimicrobial resistance, a strong ASP in immunocompromised hosts 
is of utmost importance for patient safety. There have been many successful practice 
models embracing ASP strategies in this population (Table 1). There are unique 
opportunities for ASP in this population including optimal antimicrobial prophy-
laxis, management of neutropenic fever and early de-escalation after neutropenic 
fever resolves. Since this population is more vulnerable to opportunistic infections 
including rare organisms, evolving technologies in rapid diagnostics to enhance 
sensitivity and the speed of organism detection and susceptibility testing should 
continually be evaluated and combined with real time ASP interventions when 
adopted.
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